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MON-APO1-1 #313- Invited Talk- Monday 1:00 PM EIm Fork
Modeling X-ray Emission due to Charge Exchange

Phillip C. Stancil
Department of Physics and Astronomy, University of Georgia, Athens GA 30602, United States

Since the advent of Cravens' [1] proposal that the observag Emission from comet Hyakutake wagda
charge exchange (CX) of hightharged solar wind ions with cometary neutrals, the CX mechanism has been identified as
a possible dominant contributor to theray emission observed in the heliosphere, planetary exospheres, the geocorona,
supernova nenants, starburst galaxies, and molecular cooling flows in galaxy clusters. To provide reliahi#u€ad x
ray spectra models to simulate these and other astrophysical environments, we have undertaken a project to compute
guantumstateresolved CX crossections of highlycharged ions colliding with H and He. Here we summarize current
results for &* N and ¢*®* obtained with the moleculanrbital close coupling (CC), atomirbital CC, and classical
trajectory Monte Carlo methods. Utilizing tHeeoretical CX cross sections, cascade models are computed to gererate X
ray spectra and compared to available measurements and observations. Comparison is also made to models assuming
excitation by thermal electrons to identify diagnostics to distingdi$tinduced and electreimpactinduced Xray
emission. [1] T. E. Cravens, Gdoys. Res. Lett. 25, 105 (1997).

This work was partially supported by NASA grant NNX09AV46G. Work performed in collaboration with Y. Wu,
J. L. Nolte, D. R. Schultz, Y. Hui, M. Ravic, H. P. Liebermann, and R. J. Buenker.

MON-APO01-2 #447- Invited Talk- Monday 1:00 PM Elm Fork
Fragmentation dynamics of complex molecules and their clusters

Patrick RousseduSylvain Maclot, Michael Caproh Rémi Maisonny; Elie Lattod, Alicja Domarack3
Alain Méry', JearChristophe Poullfly Jimmy RanganfaJearYves Chesné] Ann IS Holn?, Henning Zettergrén
Henrik AB JohanssdnFabien Seitz Stefan RosenHenning Schmidt Henrik Cederquidt Bernd A Hubet,
Lamri_Adout*

@université de Caen Bas$éormandie , CIMAP, Bd Henri Becquerel , Caei4070 , France
@CNRS , CIMAP, Bd Henri Becquerel , Caefi4070 , France
(3)Dpt of Physics , Atomic Physics, Stockholm University , Alba Nova University Ctr , Stockii6B91S Sweden
“CEA, CIMAP, Bd Henri Becquerel, CaenlB070 , France

Complex molecular systems such as large molecules, clusters epaudictes, consist of many atoms and are
characterised by a large number of degrees of freedom. Energies wek&s exindividual thresholds for fragmentation
can be stored for long times and metastable excited states become important. We will concentrate in this talk on the study
of the response of such nanoscale systemsye will study excitation and fragmetitan mechanisms induced by highly
charged ion (HCI) radiation, reflecting dynamic energy and charge flow processes. We will illustrate these relaxation
processes for different molecular systems from Polycyclic Aromatic Hydrocarbons, water or biomotgeteatiad their
clusters in collision with HCI. We will emphasize that slow HCI provide an efficient way to study the stability of complex
systems. Indeed, such ions are known to remove electrons at large impact parameters resulting in a fast and gentle
ionisation. Moreover, in a less conventional way, HCI can also be used as a tool to form new bonds and induce the
formation of even more complex molecules.



MON-APO01-3 #184- Invited Talk- Monday 1:00 PM Elm Fork

Classical treatment of ionization andelectron capture in water by ion impact

Clara lllescas
Departamento de Quimica, Universidad Autonoma de Madrid, Cantoblanco Universidad, Madrid 28049, Spain

lon-beam cancer therapy is a valuable alternative to conventional photon radiotHertipgfield, collisions of
water molecules by energetic ions play a very important rtdehe contribution of the stopping power of ions in
biological tissues [1]Moreover, ionization processes from multielectron and multicenter targets arelalsmt ina
broad range of disciplines such as fusion research and astrophysics.

In this work, we calculate electron production and electron capture total cross secfionsl*, H&* and C* +
H,0 caollisions in the impact energy range of 10 keV/amu < E < 10 Me¥./a The basic assumptions of our omlecule
CTMC (Classical Trajectoy Momt€arlo) treatment [2] are: (i) the electrons are independent, so each electron is moving in
an effective field created by the nuclei and the remaining electrons; (i) thectitaraf the active electron with the,&
core is described bythreecenter model potential, so we explicitly consider the anisotropy of the molecular (gi)get
apply the IEVM (Independent Event Model) for evaluating the inelastic multielectotralpilitiesfrom the monoelectronic
ones.

In this talk, | will summarize this approach, emphasizing the description of the initial eldetnsiies associated
with the molecular orbitals of the,B molecule and, discuss our restittsionization and kectron capture. | will also
illustrate the validity of the postcollisional fragmentation mechanism by comparing calculated fragmentation yields with the
available measuremerftsr H" + H,O collisions. A stringent test of our CTMC method is provided by tfood agreement
of the calculated emitteglectron spectra with the experimental data that will be shown at the Conference.

[1] D. Schardt et al., Rev. Mod. Phys. 82, 383 (2010)

[2] Clara lllescas et al., Phys. Rev. A 83, 52704 (2011)

MON-APO01-4 #160- Invited Talk- Monday 1:00 PM Elm Fork

ION IMPACT INDUCED IONIZATION/FRAGMENTATION DYNAMICS OF RARE GAS DIMERS

Markus S. SchoefflérH.K. Kim', J. Titzé, F. Trintef, M. WaitZ, J. VoigtsbergérH. Sanh M. Meckel, C. Stuck,
U. LenZ, D. MetZ, A. Jung, M. Odenwelle, N. Neumanh B. Ulrich, R. CostaFraga, N. Petridi$, S. Schoesslér
K. UllmannPflegef, R. Grisenfi, A. Czasch O. JagutzKj L. Schmidt, T. Jahnkg§ H. SchmidiBoecking, J. Bech,
H. Gasseft H. Merabet, J. RanganfaC. L. Zhod, A. Cassini, R. Doerner
Oinstitut fuer Kernphysik, J. W. Goethe Universitaet Frankfurt, MaxLaue Str. 1, Frankfurt 60438, Germany
(Z)Department of Mathematics, Statistics and Physic, College of Arts &mt8g, P.O. Box: 2713, Doha, Qatar
®ICIMAP Caen, GANIL, Bd Henri Becquerel, BP 55027, Caen 14076, France

Rare gas atoms can form weakly bound molecules, held together by tHerxmalsforce. We investigated the
ionization/fragmentatiomlynamics oHe2 and Ne2 caused by ion impact with a COLTRIMS reaction microscope.
Dependent on how electrons are removed from the dimer's atomic sites different decay pathways are open. We focus on the
following two:

1.) The direct mechanism, where the projectilézes both atoms via 2 separate projedtiem interactions. The
dimer's constitutents have ionization properties similar to those of a single atom. Up to now, large impact parameters b,
which dominate ionization are believed not to be an observableathdtecmeasured. For large impact parameters
Rutherford scattering leads to momentum transfers, that are smaller than the momenta transferred by the ejected electrons.
This makes the impact parameter inaccessible through any momentum transfer measuresemthe nuclei. The large
internuclear distance of the dimer open a new way to access the impact parameter. The impact parameter dependent
ionization probability P(b) will lead to a maximum tilt angle of the molecular axis to the ion beam up to whiclidms
can be ionized. Measuring this molecular orientation allows to test the predictions of impact parameter dependence of
ionization [1].



2.) In addition to the direct ionization mechanism, where the dimer's atoms are subsequently ionized shexe is al
second mechanism, which is called the Interatomic Coulombic Decay (ICD). Predicted in 1997 [2] and in photoionization
experimentally shown in 2004 [3], ICD probably plays a significant role for radiation damage in living tissue and for ion
radiation herapy [4,5].

[1] Titze et al., PRL, 106, 033201, (2011)

[2] Cederbaum et al., PRL, 79, 4778, (1997)

[3] Jahnke et al., PRL, 93, 163401 (2004)

[4] Boudaiffa, et al., Science 287, 1658, (2000)

[5] H.-K. Kim et al., PNAS, 108, 29, (2011)

MON-APO01-5 #384 - Invited Talk- Monday 1:00 PM Elm Fork
Supercritical Dirac Resonances in Heawon Systems

Alain Marsman Marko Horbatsch
Physics and Astronomy, York University, 4700 Keele St., Toronto Ontario M3J 1P3, Canada

The intense fields that developrihg collisions of highlycharged heavy ions give rise to a range of
electrodynamic phenomena, including ionization and elegiositron creation, due to the timarying nuclear potentials.
If the nuclear separation is sufficiently close, the combithectr@static field can even becorsepercritical, strong
enough to destabilize the vacuum and cause it to spontaneously decay by pair creation to a charged state.

This process can be understood in terms of supercritical Dirac resonances, whereby ah iitiav a c an-t 1 S0
state becomes embedded in the negativergy continuum, forming a resonance which gradually decays to a-bound
electron/freepositron pair. These resonance states are characterized by their mean energy pgsitoa 8 d wi dt h T.
position determines the kinetic energy of the emitted positron, while the width is related to the lifetime of the state by the
uncertainty principle.An accurate determination of these parameters is therefore of interest in order to model the
supercriticacomponent of the positron spectrum. The current work is based on numerically solving the Dirac equation to
high precision, combined with analytic continuation of the Hamiltonian, giving the position and width of the resonance in
terms of a complex eigenergy. The equations, which contain the multipole decomposition of thecemter potential, are
augmented by a complex absorbing potential and truncated at various orders in the partial wave expansion to demonstrate
convergence of the resonance parametettse limit of vanishing absorber. The convergence of the paviiak spinor and
of the multipole potential expansions is demonstrated in the supercritical regime.

MON-APO1-P1 #45- Poster Monday 5:30 PM Rio Grande

Single electron capture in K - H,reaction

FB Alarcort, FB Yousif, H MartineZ, BE_Fuente$
@instituto de Ciencias Fisicas, Universidad Nacional Autonoma de Mexico, Apdo. Pe8taCd8rnavaca Morelos 62210, Mexico
@Facultad de Ciencias, Universidad Autonoma del Estaduldielos, Av. Universidad 1001, Cuernavaca Morelos 62210, Mexico
®Facultad de Ciencias, Universidad Nacional Autonoma de Mexico, Circuito Exterior, Ciudad Universitaria, Mexico Distriad Fede
04510, Mexico

In collisions of alkali metal ions with rargas atoms at energies ranging from a hundred to a thousand electron
volts, various inelastic processes are involved effectively. However, obtaining reliable data about tbecticss of these
processes is still difficult. This is mainly due to theudtteristics of the colliding particles having closed electron shells,
and leading to the formation of energetic secondary particles. To reveal the mechanism of the inelastic processes, it is
necessary to determine the contribution of the separate inelhahnels for the investigated processes. For example in
capture processes, the contribution of capture at different states, involving either the target or the projectile gliegdrons,
a significant role, so that the dominant process is not alwaydirda electron capture to the ground state.



In this work a beam of kions from a surfac@nization source was accelerated, focused and then passed through
the collision chamber filled with the target gas)Ho measure the absolute total cross eastfor the production &in
collisions of K ions with H, molecules. We present measurements of absolute cross section of single electron capture for
the K’ - H, reaction in the energy range of 0.5 to 4 keV. Capture cross section increased with aa in@easgy. Present
results overlap with previously measured data of other investigators [1, 2] and extend down in energy.

This research was partially sponsored by DGAPALDM511, CONACYT 128714.

[1] Ignacio Alvarez, Carmen Cisneros, C.F. Barnet aAd Ray, Phys. Rev. A13 (1976) 1728.

[2] M. Gochitashvili, B.Kikiani and R. Lomsadze, Hyperfine Interactions 132 (2001) 517.

MON-APOQ1-P2 #247- Poster Monday 5:30 PM Rio Grande
Calculations for electron removal and fragmentation in protorwater-molecule collisions

Mitsuko Murakami, Tom Kirchnef, Marko Horbatsch Hans Juergen Luedde
mDepartment of Physics and Astronomy, York University, 4700 Keele Street, Toronto Ontario M3J1P3, Canada
@|nstitut fuer Theoretische Physik, Goetniverstaet, MaxvonLaue Str. 1, Frankfurt 60438, Germany

Chargestate correlated cross sections for singled multipleelectron removal processes due to capture and
ionization in protorwatermolecule collisions are calculated by using the-perturbativebasis generator method adapted
for ion-molecule collisions [1,2]. Orbitadpecific cross sections for vacancy production are evaluated using this method to
predict the yields of charged fragments according to branching ratios known to be valid at laigheingogies. At
intermediate and low energies, we obtain fragmentation results on the basis of predictetentrdth removal cross
sections, and explain most of the available experimental data. The cross sections for charge transfer and foairenization
also compared with recent muttenter classicarajectory Monte Carlo calculations for impact energies from 20 keV to
several MeV.

[1] H.J. Luedde et al, Phys. Rev. A 80, 060702(R) (2009)

[2] M. Murakami et al, Phys. Rev. A 85, 052704 (2012)

MON-APO01-P3 #258- Poster- Monday 5:30 PM Rio Grande
Classical treatment of ionization and capture in iorH,0 collisions at intermediate energies

Clara lllescas L. F. Erred L. Méndez, B. Pon$, |. Rabadah
®Dpepartamento de Quimica, Univeraitl Autonoma de Madrid, Cantoblanco Universidad, Madrid 28049, Spain
@CELIA, Université de BordeauxGNRSCEA, Cours de la Libération, Talence, Bordeaux 33405, France

lonization of water molecules by energetic ions are relevant processes in hadxpwy, thvbiich isa valuable
alternative to conventional photon therapy. They are also benchmésknsyferionization of other multielectron and
multicenter targets, needed to understand biological damage of ionizing radiations.

Several experiments have pided detailed information on ionizing protevatercollisions, but data are scarce for
multicharged ion impactherefore, we have performed calculations foy #He** and ¢*+ H,O collisionsin the energy
range of 15 keV/amu < E < 10 MeV/amu employing mmn-molecule CTMC(Classical Trajectory Mont€arlo) treatment
described in [1].We have calculated total cross sections for single and double inelastic processes as well as single (SDCS)
anddouble (DDCS) differential cross sections of electron ewissi the ionization of O bombardedby stripped
projectiles. The energy and angular distributions of the electron have been calautat#idion energies of the
experiments.Preliminary results for protehl,O collisions show a good agreement of tlessical SDCS and DDOB8ith
the experimental data [2,3] and other theoretical results obtained in the frame of the first Born approximation [4].

[1] C. lllescas et al., Phys. Rev. A 83, 52704 (2011)

[2] M. A. Bolorizadeh and M. E. Rudd, Phys. Rev. A, 888 (1986)

[3] L. H. Toburen and W. E. Wilson, J. Chem. Phys. 66, 5202 (1977)

[4] O. Boudrioua et al., Phys. Rev. A 75, 22720 (2007)



MON-APO01-P4 #283- Poster- Monday 5:30 PM Rio Grande

Oscillatory patterns in angular differential ion-atom charge exchange cross sections: the role of electron
saddle swaps

Sebastian Otrantplna Blank, Ronald E Olsoh Ronnie Hoekstfa
MIFISUR and Departamento de Fisica, Universidad Nacional del Sur, Av. Alem 1253, Bahia Blanca Buenos Aires 800@, Argenti
@KV| Atomic Physics, Zernikelaan 25, #947 AA, Groeningen, Netherlands
®physics Department, Missouri University of Science and Technology, Rolla MO 65409, United States

We present a theoretical and experimental study of state selective arat aiffedential cross sections of single
electron transfer in collisions of Riawith ground state Na(3s) in the collision energy rang® keV/amu. The
experiments were performed by means of the MOTRIMS technique which provides high resolution tatalrecoil
momentum spectrum. The theoretical description is based onttbdy3classical trajectory Monte Carlo (CTMC) method
with a Garvey model central potential for the electii ion interaction. We find the total cross section of charge
exchang to be a smooth function of the impact energy but oscillatory patterns emerge as we investigate further the angular
differential cross sections. In particular, for electron captureléwels > 10 the transverse momentum distributions exhibit
an oscillabry structure which is very sensitive on the impact energy. Our theoretical analysis suggests that this feature is a
direct consequence of the number of swaps the electron undergoes across the potential energy saddle during the charge
exchange process. Albugh different numbers of swaps also contribute to n<9, their contributions overlap in such a way
that no oscillatory pattern can be identified. A closer theoretical inspection of the collision dynamics for electrotccapture
n-levels > 10 suggests thtie last saddle crossing for the 1-68)ap mechanism takes place in the outgoing (incoming)
path of the projectile. We argue that this effect is a general feature -efilergy collisions of highly charged ions with
atoms.

MON-AP02-1 #439- Invited Talk- Monday 3:30 PM Elm Fork
Alternative Approaches for Achieving Antihydrogen Recombination

Carlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®F6203nited States

Research by a number ofllaborations at the CERN Antiproton Decelerator facility is aimed at testing
fundamental symmetries between the properties of hydrogen and antihydrogen. Antihydrogen is currently produced by
using nested Penning traps to confine antihydrogen plasman witiich threebody recombination occurs. Matter
antimatter symmetry studies with antihydrogen requires the production of antihydrogen atoms with sufficiently low kinetic
energy. However, plasma drifts within nested Penning traps represent a formidaldenp#an antihydrogen atom is born
with the kinetic energy of its antiproton, and plasma drifts can increase the kinetic energy of antiprotons. An ideal plasma
confinement approach for antihydrogen studies would avoid plasma drifts and be capable ofgplavidconfinement
times for a cold, dense nafifting (e.g., norrotating) plasma of any desired size. We are studying alternatives that may
ultimately provide such confinement. For many of the configurations, a miniBiaragnetic field could be proded that
could serve for trapping antihydrogen atoms. However, configurations that do not produce a rinimagnetic field
are also being studied, because it is not necessary to trap antihydrogen for conducting gravity symmetry studies.
Alternatives beig studied include configurations that employ an artificially structured boundary, dual levitated coils, or
two pairs of parallel wires that are crossed. The possibility of using the configurations for other applications, such as for
confining fusion plasn®g is discussed.

10



MON-AP02-2 #333- Invited Talk- Monday 3:30 PM Elm Fork
Kohn Variational Calculations of Positronium-Hydrogen Scattering

Denton Woods S. J. Ward] P. Van Reeth
Bphysics Department, University of North Texas, 1155 Union&i#811427, Denton TX 7620327, United States
@Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, United Kingdom

We are investigating positroniutrydrogen (P41) scattering, which is a fundamental fdamdy Coulomb process.
Using the Kohn, inverse Kohn, generalized Kohn and complex Kohn variational methods, we computed préfiginary
and'*P-wave phase shifts for R4 scattering. We implemented different numerical techniques to reduce linear
dependencegnd we have been able to use larger basis sets than used in the previous Kohn and inverse Kohn variational
calculations [1,2]. For thk®P-wave trial functions, as in the previous variational calculations, we considered Hylleraas
type shortrange termsn which the angular momentum is on both the positron and on the electron of the Ps atom. We have
also considered using Hyllerapgpe terms in which the angular momentum is on the Ps atom and on the electron of the H
atom. Using a quantum defect theory tioe van der Waals interaction [3], we determined'figscattering lengths and
effective ranged-wave calculations of P scattering are underway.

S.J.W. acknowledges support from NSF under grant no. P$68538.

[1.] P. Van Reeth and J. W. Humbiens, J. Phys. B6, 1923 (2003).

[2.] P. Van Reeth and J. W. Humberston, Nucl. Instr. and Methods Phys. R24, B0 (2004).

[3.] Bo Gao, Phys. Rev. /&8, 4222 (1998).

MON-APO02-3 #471- Invited Talk- Monday 3:30 PM EIm Fork

Time-Dependent Clog-Coupling Study of Antiproton-Impact lonization of Atoms and Molecules

Teck Ghee Lele M S Pindzold J Colgah
Wphysics, Auburn University, Auburn AL 36949, United States
@Theoretical, Los Alamos National Laboratory, Los Alamos NM, United States

Over the years significant effort has been made in order to better understand the interactions between antiproton
and atoms or molecules. One reason being such fundamental knowledge may serve as a key to the formation and
production of antihydrogen at CERdr testing CPT invariance and disclosing the nature of gravity. Another being low
energy antiproton beam has been suggested as a possible radiation therapy for cancer treatment. More precisely, atomic and
molecular ionization processes due to antiprotoag help to better understand the radiation damage of biological cells.
With the construction of the Facility for Lo®nergy Antiproton and lon Research at GSI, new experiments will be
performed for antiproton collisions with various atoms and molecindhis talk | shall present a tirgependent close
coupling (TDCC) method that was used to study the atomic and molecular ionization due to artigpatinSamples of
TDCC calculated energgependent ionization cross sections for H, He, Li, H2+ anaviibe shown and compared with
the available theories and experiments.

This work is supported by Department of Energy and National Science Foundation. The computational work was
carried out under a DOE ERCAP award at the National Energy Research Bogmiputing Center in Oakland,

California, USA, and under a NSF Teged award at the National Institute for Computational Science (NICS) in
Knoxville, Tennessee, USA.
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MON-AP02-4 #44- Contributed Talk Monday 3:30 PM EIm Fork

Antiproton, proton and electron impact multiple ionization of rare gases

Claudia C MontanayiJorge E Miraglia
Institute of Astronomy and Space Physics, CONICET and University of Buenos Aires,rPidieipCiudad Universitaria,
Buenos Aires, Argentina

Multiple-ionization is one of the most challenging subjects within the field of the atomic collisions. Experimental
measurements require highly advanced techniques to get absolute values of all possible channels and final states. For
positive ions, they must separate punaization from capture channels, which enhance the data in the intermediate energy
region [1]. The case of antiproton impact is quite different. Despite the experimental difficulty to achieve a low energy
antiprotorbeam, it is the simplest ionization dynig to describe [2]: no possible capture channel or electron exchanges to
consider. On the other hand, the study of antiproton impact ionization has the additional interest of being projectiles
produced in higkenergy physics sources.

We present a theoieél study on multipléonization [3], which involves four different aspects:

i) the theoretical calculations of single to sextuple ionization cross sections, using th&SDaNd the first Born
approximation in an extended energy region (50-&&\MeV).

i) the inclusion of Augetype posicollisional contributions through experimental photoionization data.

iii) the comparison with the available experimental data on multiplezation by protons and antiprotons, but
also by electron impact at highlgeities. In this energy region the pasillisional ionization is the main contribution to
multiple-ionization.

iv) the review of the total ionization cross sections, gross and count, showing thattyjggeontributions
should be included in totabniization cross sections too. Our results demonstrate that this contribution is very small for Ne
or Ar but increases with the target atomic number, being 30 % foridotizhtion of Xe at high energies [3].

[1] DuBois R D,Phys. Rev. Lett.52, 23482351 (1984).

[2] Kirchner T and Knudsen H, Phys. B: At. Mol. Opt. Phys. 44, 122001 (2011).

[3] Montanari C C and Miraglia J H. Phys. B: At. Mol. Opt. Phys. 45, in press (2012).

MON-AT02-1 #476- Invited Talk- Monday 3:30 PM Bur Oak
An Overview of the Activities and Developments at the Surrey lon Beam Centre

R. P. WebbB. N. Jones, V. V. Palitsin, G. W. Grime, J. L. Colaux, M. J. Bailey, C. Jeynes, K. C. Heasman, N. Peng,
R. M. Gwilliam, M. Merchant, J. C. Jeynes, K. J. Kirkby
Surrey lonBeam Centre, University of Surrey, Guildford Surrey, United Kingdom

The Surrey lon Beam Centre (IBC) is the National Centre for ion beam applications in the UK. It provides
facilities for ion implantation and analysis to more than 100 companies andvacaldpartments around the world. The
IBC houses three accelerators, used for ion beam modification of materials and one used for ion beam analysis and
radiation biology. A brief description of the interactions with industry and academia will be giversonie case histories.

The unigue combination of facilities housed at the IBC are described, including: the implantation facilities (from 2
keV to 4 MeV); IBA beamlines for channelling microbeam and in air measurement; the vertical nanobeam used for
radigion biology experiments; and the horizontal nanobeam line under development for proton beam lithography.
Examples of the developments and use of these lines will be given.

A new beam line for MeMSIMS (Secondary lon Mass Spectrometry), which is expedotee fully operational by
the end of this year, will be described. The expectations and development of this ne@IM&Weam line, which will
provide molecular concentration mapping at ambient pressure, will be given.

12



MON-AT02-2 #480- Invited Talk- Monday 3:30 PM Bur Oak

The lon Implantation Laboratory at IF -UFRGS

P. L. GrandeJ. F. Dias, P. F. Fichtner, C. Radkte, F. C. Stedile, C. Krug, G. V. Soares, L. Amaralj&sAkévedo,
R. Papaleo
Institute of Physics, Federal University of Rica@de do Sul, Porto Alegre RS, Brazil

The lon Implantation Laboratory is an ion beam center belonging to the Institute of Physics (IF) at the Federal
University of Rio Grande do Sul (UFRGS). This facility is fully dedicated to research in materiatehe$aadamental
and applied physics. The activities with ion beams started in 1981 with the acquisition of a 400 kV particle accelerator,
which was upgraded to 500 kV in 1996. In 1997, a 3 MV TANDEM accelerator from High Voltage Engineering Europa
B.V (HVEE) became operational at this facility. Both machines provide a wide variety of positive ions covering a broad
energy range. Several beam lines with different analytical techniques (PIXE, RBS, NRA and ERDA) are available to
scientists from different fiells. In the past ten years, two other beam lines were installed at this facility: MEIS (Medium
Energy lon Scattering) and ion microprobe. MEIS is a-h&golution (DE/E ~ 3B8) backscattering technique, which
allows to characterize nanostructures like namticles, nanoislands and quantdots located either on the surface of at
buried interfaces. The ion microprobe system consists of an Oxford triplet lenses coupled to a scanner, allowing the
measurement of different materials at micrometer scale. Migbepiechniques like STIM (eand offaxis), microRBS
and micrePIXE are fully operational at this beam line.

In this talk, a brief review of leading research pursued at the lon Implantation Laboratory will be presented. The
capabilities of the MEIS tectique with some recent results will be discussed as well.

MON-AT02-3 #423- Invited Talk- Monday 3:30 PM Bur Oak

Upgrade to the East Carolina University Accelerator Laboratory

Jefferson L Shinpaugldames M Joyce, Chris A Bonnerup, Larry H Toburen
Department of Physics, East Carolina University, Greenville NC 27858, United States

The ECU Accelerator Laboratory has recently undergone major upgrades to the ion beam system and extensive
renovations to the facility infrastructure. This has includedattidition of a new National Electrostatics Corporatidvi\2
Pelletron accelerator to replace the 19vidgage High Voltage Engineering tandem accelerator. The new accelerator and
high-energy beam transport system will allow us to expand our currenéstofdiundamental processes in-mtiom and
ion-molecule collisions, atomic interactions in solids, and radiation effects in biological systems. In addition, our
multidisciplinary research using ion beam analysis techniques should benefit significantihdrtaboratory upgrades.

The new ion beam system will be described along with the current research supported in the laboratory.

This work is supported in part by the National Science Foundation and the National Institutes of Health, National

Cancer Instute.

MON-AT02-4 #371- Contributed Talk Monday 3:30 PM Bur Oak

Upgrade of the lon Beam Modification and Analysis Laboratory at the University of North Texas

Gary A. GlassFloyd D. McDaniel, Bibhudutta Rout, Duncan L. Weathers, Tilo Reinemynde L. Duggan,
Naresh T. Deoli, Mangal Dhoubhadel, Venkata C. Kummari, Jack E. Manuel, Jose L. Pacheco, Stephen J. Mulware,
W. J. Lakshantha, Nafiseh Aflakian
lon Beam Modification and Analysis Laboratory, Physics Department, University of North Dexdsn TX 76203, United States

The lon Beam Modification and Analysis Laboratory (IBMAL) of the University of North Texas utilizes four
electrostatic accelerators for work in ion beam modification and analysis and ion beam systems developmertalA Natio
Electrostatics Corporation (NEC) 9SEIH3.0 MV tandem Pelletron with SNICS and RF ion sources has several dedicated
beamlines for low and high energy ion implantation, ion analysiscemhicroscopy.
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An NEC 9SH 3.0 MV singlended Pelletron was redbninstalled and will have beamlines for ion
microscopy/microlithography and high resolution ion beam analysis including channeling. Additionally, a Texas Nuclear
200 kV Cockcroftwalton accelerator and a HVEC 2.5 MV Van de Graaff accelerator are dvddalipn beam analysis
and surface studies. This report will outline the ongoing work at IBMAL, upgrades to accelerator systems and future plans.

MON-IBAO1-1 #428- Invited Talk- Monday 1:00 PM Brazos |

lon Beam Analysis of Highly Mismatched Alby Films

Rachel S. Goldman
Materials Science and Engineering, University of Michigan, 2300 Hayward Street, Ann Arbor Ml 48109, United States

Highly mismatched alloys (HMAS) consist of highly immiscible solute atoms in a solvent. Due to the resonant
interactions between the conduction and/or valence band of the solvent and energy levels of the solute, HMAs provide an
"intermediate band" for solar cells based upon rplititon excitation. The effective bandgap narrowing is also useful for
ultra-high efficiency tandem solar cells. In addition, the resonant levels in HMAs have been proposed as potential
candidates for high efficiency thermoelectrics based upon tuning of the electron density off$tatesoperties of HMAs
are often described with a modetusing on the influence of individual solute atoms, assuming that all solute atoms "see
the same atomic environment. In the case of GaAsN alloys, single local environment models predict a N composition
dependent energy band gap which agpesitativ ely with experiment. However, such models do quantitatively
explain noamonotonic compositiomlependent effective masses [1] and persistent photoconductivity [2].

Using Rutherford Backscattering Spectrometry and Nuclear Reaction Analysis, weyremesdled significant
compositiondependent incorporation of N into ngnbstitutional sites, as either-f) s or (N-As),. interstitials [3]. In
addition, the fraction of substitutional N was highest (lowest) for growth at the lowest (highest) terapeprasumably
due to the high areal density of Group V sites available f&isNxchange on the (2x1) reconstructed GaAs (001) surface.
To date, we have identified a N interstitial related deep electronic level and confirmed its Raman signature . W
discuss these results and progress towards distinguishifg,tdind (NAs),s split interstitials using [001] and [111]
channeling measurements.

[1] T. Dannecker, et aRhys. Rev. B82, 125203 (2010).

[2] R.L. Field, Ill, et al., submitted (202

[3] M. Reason, et alAppl. Phys. Lett. 85, 1692 (2004).

[4] Y. Jin, et al. Appl. Phys. Lett. 95, 062109 (2009).

MON-IBAO1-2 #206- Invited Talk- Monday 1:00 PM Brazos |
lon implantation in ZnO crystals: defect interactions and impurity diffu sion

Faisal Yagooh Mengbing Huang
WDepartment of Physics, State University of Biversity at Albany, 1400 Washington Ave, Albany NY 12222, United States
@cCollege of Nanoscale Science and Engineering, State University-0fN¥rsity at Albany1400 Washington Ave, Albany NY 12222,
United States

ZnO is a wide band gap semiconductor material with many potential applications such as blue and UV light
emitters, transparent thin film transistors, high temperature and high power devices and Gensaitable doping of
both p and ntype impurities in ZnO is crucial to many of its applications. lon implantation is well established method for
impurity doping and defect engineering in silicon microelectronics, but its application in the caseltdZn@ been fully
explored. In this work, we study the effects of ion implantation of indittyga) and silver (ptype) in ZnO crystals. The
crystal quality as well as the distribution and occupation of dopant atoms in ZnO lattice are charactériRetheiford
backscattering spectrometry combined with ion channeling, for variousnpplsintation annealing conditions. It is
observed that during ion implantation most of the impurity dopants are placed at interstitial positions. The fraction of
substtutional impurity atoms increases with thermal annealing temperatures.
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The thermal process also causes diffusion of the substitutional and interstitial impurity atoms. Through modeling
of RBS/ion channeling data, the effective activation energies tienstitial and substitutional dopant atoms are determined.
To evaluate the concept of defect engineering in ZnO, we also study silver doping in hydrogen implanted ZnO crystals. It is
found that the damage created to the crystal lattice by the Ag impkEmalter in the samples with a prior H implant than
the samples without H. As the samples are annealed at high temperatures, a larger fraction of Ag atoms is found to be on
zinc substitutional sites in samples with H than in the samples without H. Thessémeental results may offer a pathway
to understand atomic mechanisms for interactions between dopants and defects in ion implanted ZnO crystals.

MON-IBAO1-3 #103- Invited Talk- Monday 1:00 PM Brazos |
RBS-channeling in characterizing Hplatelet and "dynamic annealing” effect in H-implanted Si

Zengfeng Di, Miao Zhang, Xi Wand, Yonggiang Wang Michael Nastadi
Wstate Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Techmo®&@fy, N
Changning Road, Shanghai 200050, China
@Los Alamos National Laboratory, Bikini Atoll Road, SM 30, Los Alamos New Mexico 87545, United States

With annealing treatment, hydrogen incorporated into Si by implantation is known to precipitate inéxtende
planar defects in the form of platelets namedplktelets”. Understanding howplatelets nucleate and grow in H
implanted Si is important since they play key role in ion cutting and layer transfer. The evolutigiadéldts under
conventional thermannealing has been studied intensively, it is found that in (1g@atélets are mostly formed on the
(001) plane parallel to the surface iArdplanted (100) Si. However, the effect of annealing other than thermal annealing
has not been investigated. this study, we compare dynamic annealing and thermal annealing effects on the nucleation and
growth of Hplatelets and find that dynamic annealing promotes the formation of HIPs even more efficiently than thermal
annealing. Furthermore, in addition t@t(©01) platelets normally formed inibhplanted (100) Si, massive nucleation on
{111} crystallographic planes is observed in the presence of dynamic annealingh@B&ling performed along different
crystallographic directions is capable of distinguighiH-platelet defects with different orientation from conventional
vacancyinterstitial (V-H) defects, which may be introduced by He or Si implantation. From the unique atomistic nature of
hydrogen platelet, which has a shift in the registry ofnoffmallattice planes on either side, a model is proposed to
interpret the mechanism of this technique. The different observations of defective region formation after either thermal
annealing or dynamic annealing inifdplanted (001) Si, along different axial &étions, are predicted by the model and re
verify the model proposed.

MON-IBAO1-4 #314- Invited Talk- Monday 1:00 PM Brazos |
Irradiation induced changes in small angle grain boundaries in mosaic Cu thin films

E.G. Fd, Y.Q. Wang, M. Nastasi
@Materials Science and Technology, Los Alamos National Laboratory, Los Alamos NM 87544, United States
@Mechanical & Materials Engineering, University of Nebragkacoln, Lincoln NE 68588, United States

We have studied the effect of ion irradiatiamngmall angle grain boundaries in mosaic structured Cu thin films.
The Cu films were deposited on Si (110) substrates by magnetron sputtering at room temperagudiffrdction (XRD)
and Rutherford backscattering spectroscopy (RBS) were used to ehiamatite crystalline structure of the films before
and after ion irradiation. After 200 keV helium ion irradiations to a fluence of Bidits/cnf, the films showed a
decrease in mosaic spread via a narrowing of the Full Width at Half Maximum (FWHbBkimg curves of XRD and a
smaller minimum yield of RBS channeling. These data indicate that the ion irradiation decreaseétientai®on angles
between mosaic crystal separated by small angle grain boundaries in these films. Possible mechiavisigs in
interactions between grain boundary dislocations and ion irradiation induced point defects are discussed.
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MON-IBAO1-5 #82- Contributed Talk Monday 1:00 PM Brazos |

The role of flux superfocusing in the origin of shoulders in channeling mgular scans and possible
applications in ion beam analysis

Dharshana Nayanajith Wijesunderki Ma®, Xuemei Wany Buddhi P TilakaratrleLin Shad, WeirKan Chd
®physics and Texas Center for Superconductivity, University of Houston, 4800 CRIfiodouston TX 77004, United States
@Department of Nuclear Engineering, Texas A&M University, College Station TX 77843, United States

We have studied the effect of ion channeling flux sdipeusing in originating neasurface shoulders in
channeling agular scans observed in ion beam analysis of crystalline materials. By simulation, we observe that at the angle
of incidence corresponding to the channeling shoulder, the primary channelindoayseoverlaps with lattice atoms,
dramatically enhancindné ion flux density at atomic sites, thereby increasing th@iom close encounter probability. We
show that the so increased close encounter probability originates higturfaae shoulders in channeling.

Our explanation of the origin of the channglishoulders opens the possibility of utilizing the same as a tool in ion
beam analysis. We demonstrate such an application in determining the atomic planar stacking sequence and thereby the
direction of crystallographic polarity of wurtzite structured ZnO.

MON-IBAO1-6 #225- Contributed Talk Monday 1:00 PM Brazos |

Determination of ordering effect in InGaP by Rutherford Backscattering Spectroscopy/Channeling

Lin Li? Huiping Paf Fengfeng CherigShudeYad, HaoHsiung Lir",Yu-Chung Chifi, Chijing Hong Liad
& State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, PR China
® Graduatelnstitute of Photonics and Optoelectronics and Department of Electrical Engineering, National Taiwan University,
Taipei 10617, Taiwan

Spontaneous loatange CuPt ordering in InGaP has been well studied. The ordering affects the electronic
properties of the alloy and makes InGaP a most suitable emitter material for HBTs used in mobile phones and tablets. In
this contribution, a n@ method has been developed by Rutherford Backscattering Spectroscopy/Channeling (RBS/C) to
analyze the ordering effect in InGaP. The principle is as follows. It is well known that bonds in an alloy ensemble their
lengths in binaries and thus suffer froeniding and stretching. If the alloy is disordering, the distortion is randomly
distributed. However, in InGaP with CuPt ordering, according to super cell calculation using valence force field model, the
distortion will accommodate to the ordering directids a result, the randomization is reduced and increase in channel
yield is expected. Thiedefmeddethe corpasitomef thealterngting@ad I&iahl n P
monolayers: Ordered material consists of a sequence of layarslfiaéd,) and (Gaqln; +R,) oriented perpendicularly to
a <111> direction [1]. Channeling effect and angular RBS/C scans have been carried out to test the ordering effect along
four <111> direction. From RBS/C measurement, different channeling yield and maR88#C scan spectra have been
observed along four different directions, which indicates that the four <111> directions present different ordering effects.
Such conclusion is further supported by TED andX3D results.

[1] P. Ernst, C. Geng, F. Scholz, Hchweizer, Y. Zhang, and A. Mascarenhas, Appl. Phys. Lett. 67, 2347 (1995)
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MON-IBAO1-7 #383- Contributed Talk Monday 1:00 PM Brazos |
Elemental detection limits for heavyion ERDA using TOF-E telescope

Timo SajavaaraViikko Laitinen, Jaakkalulin
Department of Physics, University of Jyvaskyla, P.O.Box 35, Jyvaskyla 40014, Finland

The elemental detection and quantification limits in ion beam analysis can in a coarse classification be depended
on incident ion fluence, scattering ofr&y emssion crossection, elemental losses, and spectrum background. Although
these all are to some degree depended on each other, optimized measurement parameters can in most cases be selected if
the aim is to get either as high depth resolution, high deptimgk, or as low quantification limit as possibkevehicle
for this case study is a TGERDA setup installed to a 1.7 MV Pelletron accelerator in Jyvaskyla, Finland. With TOF
ERDA all the sample elements can in principle be quantified in one measuir@srdifierent detected particles are
separated by means of their different masses. The easily changeable measurement parameters are incident ion selection,
incident energy, sample tilt angle, beam spot size, and also to some degree incident ion cumaifiy; e detector
telescope is fixed to an angle between 35 and 45 degrees with respect to the incoming beam.

In this paper we discuss the different factors governing the elemental detection limits for light and heavy elements
in different matrices ba&sl on experimental results and Monte Carlo simulations. A special attention is given to show the
importance of good time and energy resolution of detectors, and high pert&raa@a acquisition system.

MON-IBAO1-P1 #5 - Poster- Monday 5:30 PM Rio Grande

Production of SiO, and (Si0,),, n=2, 3, 4 molecular and cluster anion beams from a cesiusputter-type
negative ion source

V. T. Davis, D. D. Davig, K. ChartkuncharidJ. S. ThompsdnA. C. Covington
Wuniversity of Nevada, Reno, MS 0220n&&lV 895570220, United States
@ATK Launch Systems Group, Magna UT 84044, United States

Theoretical models have been developed for many decades to describe the sputtering process. These models have
used various explanations to account for the mechenilat lead to secondary ion beam production via sputtering from
solid surfaces. Experimental studies of negative ion beam production, although dependent on source design and geometry,
reveal trends which can, in turn, assist theorists in identifyingripertant microscopic events involved in sputtering. The
study described in this report characterizes the yields of &id (SiQ),/, h= 2, 3, 4 molecules and clusters from a
cylindricalgeometry, cesiursputtertype negative ion source. Massd chagedanalyzed beam currents ranging from
several picoamperes to several nanoamperes were observed.

MON-IBAO1-P2 #59- Poster Monday 5:30 PM Rio Grande

Energy distribution of sputtered atoms and ions from energetic ion bombardment of GaAs

Angelin Ebanezar JohrRainer Hippler
Institute of Physics, University of Greifswald, FetausdorftStr. 6, Greifswald, Germany

The energy distributions of secondary neutral Ga and As atoms and positively and negatively charged ions
sputtered from a GaAs(108\rface after energetic Aion bombardment are reported. The incident ion energy was
150keV. A charge analysis shows that Ga species are preferentially sputtered as neutral Ga atoms or as positively charged
Gad' ions. By contrast, As is preferentiallyugfered as negatively charged &ms. The energy distribution of sputtered Ga
and As monomers is close to an @ependence. In general, the energy distribution of sputteredr@aAs, clusters is
significantly steeper than compared to the monomersailRReasill be presented at the Conference.
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MON-IBAO1-P3 #94- Poster Monday 5:30 PM Rio Grande

Measurements of'He+"N elastic scattering cross sections for TOERDA using He beam

Keisuke Yasuda Hidetsugu TsuchidaTakuya Majima
WThe Whasa Wan Energy Research Center5841 Nagatani, Tsuruga Fukui 93192, Japan
@Quantum Science and Engineering Center, Kyoto University, Gokasho, Uji Kye@D&11Japan

A Time-of-flight Elastic Recoil Detection Analysis (TGERDA) is one of the mising methods for the
simultaneous measurements of multi light elements with good depth resolution. We are developiAgRDIFOF
measurement system using He beams. For quantitative measurements of elemental concentrations {5RBATOF
reliable dataf recoil cross sections are needed. For the-EBPA using He beams of above about 2 MeV, the recaoil
cross sections are known to be fieutherford. In such case, experimental data for the recoil cross sections are necessary.
Therefore, we plan to measuezoil cross sections for light elements such as Li, B, C, N, O bombardetéligns. This
paper presents measurements of cross sectioftddat’N elastic scattering.

The experiments were performed using the 2MV tandem Pelletron accelerator atrihenQ8eience and
Engineering Center, Kyoto University. An energy rangéHsf ions was between 4.3 MeV and 5.5 MeV. A siligtinide
membrane of 50 nm thickness with a coated thin Au layer was used as a tardefe Tdrebeams bombarded the target
and gattered ions were detected with silicon detectors at scattering angles of 83.6° and 165°. The scattering angle of 83.6°
corresponds to the recoil angle of 40°, and recoil cross sections at 40° were evaluated from scattering cross se@tions at 83.
using he kinematical calculation. We measured the scattering cross sections at 165° for the backscattering experiments of
nitrogen. This paper will present results of cross section measurements as well as details of the experimental setup.
Comparison between timesent data and calculations will also be indicated.

MON-IBAO1-P4 #114- Poster- Monday 5:30 PM Rio Grande

Design and performance of the HVE electrostatic nuclear microprobe

Nicolae C. Podaru.L. van de Hoef, A. Gottdang, D.J.W. Mous
High Volkage Engineering B.V., P.O. Box 99, Amersfoort, Netherlands

Nuclear microprobes with spatial resolution in the micrometer range are commonly used in research fields such as
medicine, biology, environmental sciences, archeology, to name a few. For exanepteP IXE is used to determine
elemental distributions and concentrations in biological samples, providing insight into tissue morphology, drug penetration
in tissue or biochemical changes caused by diseases. Typically, the required spatial re$dohginnadear microprobes
used for these applications islhe m. To serve these applications High Volta
tested a nuclear microprobe based on the Russian quadrup
is constructed in a single compact assembly, 350an Its nominal focal distance is 325 mm, its demagnification factor
16.2 and it supports beam energy to charge ratio of up to 4 MV. Three dimensional finite element methods coupled with
raytracing capabilities were used to quantify parasitic aberratitnasluced by e.g. electrode imperfections or
misalignments. This was used to determine the best geometric design and the level of tolerance required, in order to avoid
complex alignment and tuning procedures. As a consequence, focus and astigmatismrlsegarameters that require

adjustment, a substanti al advantage for its use. The mic
has been measured by high resolution knife aWl@b23sncadns. W
hafangl e divergence, the beam size at the focal plane was

it is anticipated that a beam size of 2 ;d? eV foBAVEMHV) ¢ an

ions, and 0.8 A Mrad? eV for 3 MeV Heé" ions is measured.
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MON-IBAO1-P5 #331- Poster Monday 5:30 PM Rio Grande

Digital Electronics for a ToF-ERD telescope

Jaakko JulinMikko Laitinen, Timo Sajavaara
Department of Physics, University Jyvaskyla, POB 35, Universirty of JyvaskylddBD14, Finland

Digital electronics for pulse processing in nuclear and particle physics experiments is well established. In IBA
traditional analogue electronics chain for example with CFDs, spectroaogglifiers and MCAs is commonly used.
Recently the cost of digitizers with sampling rate near and above 1 GS/s has become low enough for digital electronics to
be cost effective. Additionally pulse processing of several measurement channels is possabknie with regular
modern PCs. The major advantage of digital electronics is the ability to store the original waveform of the acquired signal.
This is a powerful tool in the development of instrumentation and evaluation ofdaaimeof-flight ERDA telescope
of the Accelerator Laboratory of the Department of Physics, University of Jyvaskyla (JYFL) has been installed to the
Pelletron accelerator in 2009 with a data acquisition system based on an FPGA, which reads out conventional ADCs. An
entirelynew electronics system based on CAEN digitizers is currently being tested and will replace the existing system in
late 2012.The setup consists of two digitizer modules, a CAEN N6751 is used in two channel 2 GS/s mode to read the
signals from two electsiatic MCP timing detectors. A timing resolution of 170 ps, which is similar to the resolution
achieved with analogue electronics, has been demonstrated. The advantage over analogue CFD+TAC setup is advanced
rejection of multiple hits in timing windowA four channel CAEN N6724 digitizer is used to read out the preamplified
signals of the energy detector, which can be either a Si detector or a gas ionization chamber. The software signal processing
makes it possible to extract riiene and timing informatin in addition to pulséeight information for example from
cathode and anode signals of a gas ionization chamber.

MON-IBAO1-P6 #392- Poster- Monday 5:30 PM Rio Grande
Design of a timeof-flight telescope for ion beam analysis

Mikko Laitinen Jaakko Julin, Timo Sajavaara
Department of Physics, University of Jyvaskyla, P.O.Box 35, Jyvaskyla 40014, Finland

Time-of-flight (TOF) telescope, comprising of two time pigk detectors based on a detection of secondary
electrons created by ion passithin carbon foil, is one of the most versatile and useful detectors in the field of ion beam
analysis. It can be used for all ions and energies down to few tens of keVs. Thaavell limitations of TOFdetectors
are detection efficiency for hydrogendascattering in the first carbon foil. Also so called tandem efféw acceleration
or deceleration due to the change in ion charge state while passing through the first carbon foil in high-patesdsl
extra energy spread which is most visibleliw energy ions. To totally avoid tandem effect, grounded carbon foils in both
time pickup detectors should face each other.

We have made both experiments and simulations to study the magnitude of the tandem effect and to what degree it
effects the actal measurement results. The timing resolution of our TOF detector has been measured to be as good as 155
ps for scattered 4.8 MeV He beam, and this yields to an energy resolution better than 0.4 % for particle energies higher than
one MeV. For H and He i our resolution is measured to b8 ReV for the particle energy range of 2800 keV, where
tandem effect is often claimed to be clearly visible. Significant energy resolution worsening due to the tandem effect could
not be reproduced for heavier lowexgy ions either, which promotes the use of TOF detectors in the high resolution work
as an option for charge state sensitive magnetic spectrometers. The SIMION simulations also showed that the bending of
low energy light ions in the electric fields oktfirst time pickup detector needs to be taken seriously in the detector
design.
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MON-IBAO1-P7 #416- Poster- Monday 5:30 PM Rio Grande

Efficiency Calibration of a HPGe X-ray Detector for Quantitative PIXE Analysis

Stephen J MulwareNickramaaracthige Lakshantha, Bibhudutta Rout, Tilo Reinert
lon Beam Maodification and Analysis Laboratory, Physics Department, University of North Texas, 1155 Union Circle #311487, Dent
TX 76203, United States

Particle Induced Xay Emission (PIXE) is an analgal technique, which provides reliably and accurately
guantitative results without the need of standards when the efficiency ofrdnedétection system is calibrated. The ion
beam microprobe of the lon Beam Maodification and Analysis Laboratory atriiverdity of North Texas has recently
purchased a 100 nfrhigh purity germanium Xay detector (Canberra GUL0110 UHr&Ge). In order to calibrate the
efficiency of the detector for standardless PIXE analysis we have measuredapgiXld of a set of@mmercially
available Xray fluorescence standards. The set contained elements from low atomic @urildefsodium) to higher
atomic numbers to cover therdy energy region from 1 keV to about 20 keV where the detector is most efficisat.
charge measgement was done by collected charge integration as well as from the proton backscattering yield of a
calibrated particle detectoilhe calibration is tested on reference samples.

MON-IBAO1-P9 #454- Poster- Monday 5:30 PM Rio Grande

Geochemistry and Health Burden of Radionuclides and Trace Metals in Shale Samples from North
Western Niger Delta: A PIXE Approach

Felix S. Olisé, Adaeze C. OnumejbrAkinsehinwa Akinlu3, Oyediran K. Owoade Hezekiah B. Olaniyi
Wpepartment of Physics, Obafemi élawo University, Ede Road, Hée Osun 220005, Nigeria
@Department of Chemistry, Obafemi Awolowo University, Ede Roatfel@sun 220005, Nigeria

Organic sedimentary rock samples were collected from three Oil wells in the\Western Niger Delta\igeria
in order to determine their natural radioactivity concentration and elemental geochemistry, with the aim of determining the
major radionuclides and their radiological and environmental health implication. Despite tiestablished capability of
gamma spectrometry in determining the radionuclides, the PIXE method of IBA technique and an accurately calibrated
Si(Li) detector system has been successfully used to determine the radionuclides.
This has been attested to by the high level of agreensémebn measured and certified values for the CRM I/AEA3
and IAEA-405 standard reference materials used to verify the experimental procedures. The radionuclides identified
belong to the decay series of naturally occurring radionuclides head&ttayd 2*2Th along with the nowlecay series
radionuclide *K. The radionuclides' activity concentrations and their derived dose were then caléfkateerage
activity concentrations were 250 Bg/kg for Well A, 260 Bq/kg for Well B and 270 Bq/kg for WEBDICG2Th, the activity
concentrations were 1045 Bq/kg for Well A, 1400 Bg/kg for Well B, 1430 Bq/kg for Wé@ activity concentrations
were 2210 Bqg/kg, 3510 Bg/kg and 250 Bg/kg for the Oil Wells A, B and C respectively. The detected trace meetals we
majorly V, Ni, Pb, Fe, Cr, Cu, Zn, Co and their concentrations together with those of the radionuclides are compared with
the relevant world standard limits. The results obtained were high, and hence, the radioactivity level and trace element
content othe sediment samples could constitute health hazard to occupationally exposed workers and the public if not
properly disposed. However, despite the careful disposal practice claims by the oil industries and given the high
concentrations, the sediments kebstill pose an intrinsic health hazard considering their cumulative effects in the
environment.
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MON-IBAO2-1 #149- Invited Talk- Monday 3:30 PM Brazos |

Measuring parameters of dynamic annealing in iofirradiated solids

M. T. Myers2, S. Charmanichborikarh, L. Shad, S. O. KucheyeV
®Lawrence Livermore National Laboratory, Livermore CA 94550, United States
@Texas A&M University, College Station TX 77843, United States

Under ion irradiation, all crystalline materials display some degfrdgnamic annealing when defects experience
evolution after the thermalization of collision cascades. The exact time and length scales of such defect relaxati@n processe
are, however, unknown even for Si at room temperature. Here, we propose a metkadume effective diffusion lengths
and relaxation times of mobile defects that dominate the formation of stablieradittion disorder. A defect lifetime of
about 10 ms in measured for Si at room temperature, essentially independent of the aveitygef deflistic collision
cascades. Defect relaxation appears to be dominated by a second order kinetic process. We discuss implications of these
findings for the development of predictive models of radiation damage buildup in solids.

This work was pedrmed under the auspices of the U.S. DOE by LLNL under ContracdCE2-07NA27344.

MON-IBA0O2-2 #445- Invited Talk- Monday 3:30 PM Brazos |

PlasmaSurface Interactions in Hollow Cathodes

James Poflk Angela Capecéeloannis Mikellide
Dpropulsion and Materials Engineering, Jet Propulsion Laboratory, MS-1@%, 4800 Oak Grove Dr., Pasadena CA 9110%.U
@Materials Characterization Laboratory, Princeton Plasma Physics Laboratory, 100 Stellarator Road, Princeton NJ 08540, U

Electric thrugers using xenon gas discharges for space propulsion employ hollow cathodes with porous tungsten
emitters impregnated with bariduoontaining compounds. In a number of long duration tests of hollow cathodes significant
changes in the interior surface moopdgy have occurred. Deposition of tungsten crystals at the downstream end of the
emitter is typically observed after long periods of operation. These deposits appear to form a dense tungsten layer on the
surface in the emitting zone which inhibits hei transport from the interior. Despite the restricted flow of barium from
the interior directly under the emission zone, the cathodes appear to function normally. This suggests that the barium on
oxygen surface complex that reduces the work functidhéremission zone is maintained by barium from the gas phase.

This barium must be supplied by flow from the porous tungsten substrate upstream of the region where the dense tungsten
surface deposits form. A model of barium gas phase diffusion has éeglofkd to better understand the transport in the
internal hollow cathode plasma. A 2D axisymmetric model of the hollow cathode interior plasma has been developed.
Neutral and ionized barium and barium oxide are considered minor species that daificasity perturb the plasma

density or temperature calculated in the xenon plasma model. Diffusion equations for these minor species including
ionization source/sink terms are solved in the interior domain. Models of barium flow from the emitier amter
adsorption/desorption kinetics of barium on tungsten provide boundary conditions. This model has been extended recently
to include gas phase reactions and transport of oxygen, which may appear as an impurity in the xenon propellant and can
poisonthe emitter when adsorbed on the surface. The transport of these species and the interactions with the electron
emitter surface will be discussed in this presentation.
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MON-IBA0O2-3 #218- Contributed Talk Monday 3:30 PM Brazos |

Channeling of Low Energy lons on HydrogenCovered Surfaces: Modeling and Experiments

Robert D KolasinskiJosh A Whaley
Hydrogen and Metallurgy Science Department, Sandia National Laboratories, P.O. BdM9®161, Livermore CA 94551,
United States

Detecting adsorbeldydrogen presents numerous experimental challenges, especially because it is invisible to most
surface analysis techniques. Low energy ion scattering (LEIS) and direct recoil spectroscopy (DRS) are among the only
tools capable of directly detecting hydesgon surfaces and characterizing its behavior at an atomic scale. However,
surface scattering is complex and difficult to model accurately, particularly at grazing angles of incidence where adsorbates
are most readily observed. To address these limitgtiva have applied modeling and experimental approaches that
expand the range of conditions over which LEIS and DRS may be applied. Rigorous modeling of scattering at grazing
incidence requires the use of molecular dynamics to account for how ions dyestgared along open surface channels.

By incorporating improved scattering potentials and an accurate thermal vibrational model into our simulations, we are able
to reproduce recoiled hydrogen signals for both heavy substrates (e.g. W(001)+H) adigelasystems (Be(0001)+H

and Al(001)+H.) To further improve the fidelity of such measurements, we have recently implemented a time of flight
spectroscopy system. Using a technique that detects and differentiates between both charged and newgral particle
eliminates the need to account for neutralization in our models. This makes the prospect of applying sophisticated
computational techniques to simulate scattering experiments particularly promising.

Sandia National Laboratories is a mydtbgram laborry managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security
Administration under contract DEC04-94AL85000.

MON-IBAO2-4 #261- Contributed Talk Monday 3:30 PM Brazos |

Forward Elastic Scattering of 13 MeV °Li** by 'H, "Li, *°C, *°0, *F, #®Si and **’Au

Federico E Portillh Jacinto A Liendd, Aleida C Gonzaleéz Dave D CaussynNeil R Fletchet, O. A. MomotyuR, Brian
T Roedet, Ingo Wialenhoevet, Kirby W Kempef, Powell Barbet Laszlo SajeBohus
Wphysics Department, Simon Bolivar University, Caracas, Venezuela
@Centro de Fisica, Instituto Venezolano de Investigaciones Cientificas, Caracas, Venezuela
(3)Physics Department, Flor&dState University, Tallahassee Florida, United States

Targets containintH, 'Li, *2C, 0, *°%F, 2%Si and"*’Au have been bombarded with 13 M&\i** and 20 MeV
0" beams. Thé°0 +'H, %0 +*%C 0 +°0, %0 +°F, %0 +%Sj and 0 +°"Au crass sections, shown to be
consistent with the Rutherford formula predictions at 15° and 20°, have been used to determine cross sectitiristfor the
™, ®Li + *2C,5Li + %0, 5Li + *°F, °Li + %Sj and®Li + */Au reactions respectively at 24°, 26°, 28%80°. AlthougHfLi
+ ’Li cross sections have not been obtained ffn+ 'Li cross sections, they have been determined from mea3iired
¥ cross sections and, in addition, used to oBf@in+ 'Li cross sections at 15° and 20°. All the cross sastitetermined
in this work are relevant for applied and basic physics.
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MON-IBMO01-1 #192- Invited Talk- Monday 3:30 PM Pecos Il

Recent applications of low energy ion implantation in nanoscience and novel devices

John Vedamuthu Kennetf/
DNatioral Isotope Centre, GNS Science, 30 Gracefield Road, PO Box 31312,, Lower Hutt, Wellington 5010, New Zealand
@The MacDiarmid Institute for Advanced Materials and Nanotechnology, Victoria University of Wellington, PO Box 600, ,dNellingt
New Zealand

Surface nanostructuring with ion implantation has led to the development of materials with unique properties
which have opened the door to novel applications. Recently we have established a-@uarfpwion implantation facility
based on Penning ionwmes. In my talk, | will highlight the use and advantages of low energy ion implantations for
modern applications.

(a). Nanopatrticles synthesis for magnetic sensors: Shalloillewce Fe implantation along with electron beam
annealing induced the foritian of Fe nanoparticles on a Si€urface[1]. This materials exhibit large room temperature
magnetoresistance [2] and have potential for¢bip" applications.

(b). Metallic ion doping in polymer surfaces: In an effort to develop hybrid organic inorgargstates as novel
functional electronic materials, single crystals and films of Wolymer have been doped with Na, Ca, and K ions by ion
implantation [3]. The properties of DNA sensors from polypyrrole films were also improved through Pt implaiitagion
resulting Pt nanoparticles were shown to serve as anchoring points for DNA attachment as well as enhancing the film's
conductivity [4].

(c). Surface superconductivity: Controlling the superconductive behaviour of material can be achieved through
low-energy implantation. K and Ca implanted SA&® show a superconducting transition below 25K in magnetisation and
resistivity measurements with implantation above a threshold of 2 at.%. Results suggest that the observed superconductivity
is principallyconfined to the surface or sglirface level and is induced by surface orsulface crystallographic strain
resulting from the adaptation of foreign atoms into the lattice from shallow implantation [5].

[1] J. Kennedy, et.@llanotechnology 22 (2011) 15602.

[2] J. Leveneur, et.aAppl. Phys. Lett. 98 (2011) 053111.

[3] Islahu-din, et.al,J. Phys. Chem. C116 (2012) 3787.

[4] M.A. Booth, et.all. Phys. Chem. €116 (2012) 8236.

[5] S.V. Chong, et.aEuro. Phy. Lett 94 (2011) 37009.

MON-IBMO01-2 #287- Contributed Talk Monday 3:30 PM Pecos |l

SUBSURFACE SYNTHESIS AND CHARECTERIZATION OF Ag EMBEDDED MgO
METALLODIELECTRIC COMPOSITE

Subramanian Vilayurganapathrun Devardj, Robert Colb§; Archana PandéyShutthanandan Vaithiyaljant,
Sandeep ManandHaSuntharampillai Thevuthasamsghar Kayari
(1)Physics Department, Western Michigan University, 1903 West Michigan Ave,, Kalamazoo Ml 49008, United States
@Environmental and Molecular Sciences Laboratory,, Pacific Northivatbnal Laboratory,, 902 Battelle Boulevard P. O. Box 999,
MSIN K893, Richland WA 99354, United States

Metal nanostructures embedded in dielectric media exhibit interesting linear atidezoroptical properties
finding applications in the field afptoelectronics. The optical properties of these composites is dominated by localized
surface Plasmon resonance and this resonant frequency depends strongly on size, shape, distribution and the surrounding
dielectric medium. By controlling the physicalcachemical properties of the embedded nanostructures the electronic and
optical properties of the material can be tuned for appropriate applications. The method of ion implantation with subsequent
annealing is a good candidate for developing embeddedluaters because it provides a certain degree of control over
the above mentioned parameters in addition to providing high metal filling factor beyond the solubility limit of host matrix.
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We employed a twatep process to synthesize Ag nanoclusters in kig®ix. In the first step 200 KeV Ag ions
were ion implanted in MgO (100) substrate with fluence 1 ¥ ibhis/cnf at 650C. The implanted samples were
subsequently annealed at a temperature of10@06r 10, 20, 30 hours to facilitate the growth of @anoclusters.
Rutherford Backscattering Spectrometry (RBS) along the channeling and random geometries was carried out to investigate
the crystalline quality of the clusters and Ag concentration profile in MgO.The Ag Plasmon resonance-ghdtetednd
became narrower with increasing annealing times indicating the Ag nanocluster size is increasing. This is corroborated with
Transmission Electron Microscopy which shows the clear size evolution of the Ag nanoclusters with increasing annealing
time. FinallyAtom probe Tomography studies were performed to obtain a 3D map of the Ag nanoclusters in the MgO
oxide matrix and this technique is employed to confirm that Ag exists in the form of a pure metal inside the nanocluster.

MON-IBM01-3 #210- Contributed T&t - Monday 3:30 PM Pecos |l

Effects of low-energy electron irradiation on the formation of color centers in nitrogen
implanted diamond

Julian Schwartz, Shaul Aloni, Frank Ogletr€epmas Schenkel
Lawrence Berkeley National Laboratory, 1 CyclotRoad, 5121, Berkeley CA 94720, United States

Color centers in diamond, e. g. the nitrogecancy center (NY are promising quantum bit candidates and they
enable advanced magnetometry schemes. The reliable formationcémi&ts with high spatiaésolution is challenging.
Implantation of nitrogen ions into single crystal diamonds followed by thermal annealing is an established approach that
leads to the formation of some Ndénters. We report an unexpected effect of exposure to low energyredemtrthe
formation of N\tcenters in nitrogen implanted single crystal diamonds. Exposure to beamseasfdogy electrons (30
keV) in a scanning electron microscope locally induces formation e€&hers without any thermal annealing. We find
that nm-thermal, electrofbeaminduced N\(formation is about four times less efficient than thermal annealing. But NV
center formation in a consecutive thermal annealing step (800 C) following exposureeiodayy electrons increases by a
factor of up to 1.8 @mpared to thermal annealing alone. These observations point to reconstruction of -wicayesy
complexes induced by electronic excitations from-kEmwergy electrons as an Ndénter formation mechanism and identify
local electronic excitations as a medar spatially controlled rooftemperature Nvcenter formation [1].

[1] J. Schwartz, S. Aloni, D. F. Ogletree and T. Schenkel, New Journal of Physics 14 (2012) 043024.

This work was supported by the Office of Science of the US Department of Energycanttact no. DEAC02-
05CH11231 and by Darpa.

MON-IBM01-4 #191- Contributed Talk Monday 3:30 PM Pecos |l
Observation of paramagnetic Fe in Mn/Fe implanted metal oxides

Krish BharuthRant, Haraldur Palle Gunnlaugssoiorben Esman MolhdltDeena Naidod Hilary Masendy
Roberto Mantovah Haflidi Gislasof, Guido LangoucHeKarl Johnstof) Svein Olafssoh Morten Bo Madseh
Rainer SielemarinGerd Weyer

Wschool of Physics, University of KwaZ«Matal, Durban 4000, South Africa

@Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark
®science Institute, University of Iceland, Reykjavik, Iceland

®school of Physics, University of Witwatersrand, Johannesburg, South Africa
®)aboratorio MDM , IMM-CNR, Agrate Bainza (MB), Italy

(G)Department of Physics, Katholieke Universiteguven, Leuven, Belgium
(PH Department, ISOLDE/CERN, Geneva, Switzerland
®Niels Bohe Institute, University of Copenhagen, Copenhagen, Denmark
®Helmholtz ZentrunBerlin, Berlin, Gemany

Theoretical prediction of room temperature ferromagnetism in ZnO (and GaN) implanted with low concentrations
of transition metal (TM) ions has excited considerable experimental activity in the search for dilute magnetic
semiconducting (DMS) behavioin conventional semiconductors with the cations partially replaced with TM ions. Such
DMSs have potential applications in spintronic devices. While several authors have reported observation of magnetic
complexes in TM implanted substrates, no claritpexon the origin of the observed magnetism, which has been attributed
to dopantdefect complexes, unintentional precipitation, or formation of secondary phases.
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We have investigated the state of Fe in ZnO and other metal oxides implanted with exto@ntelgdentrations
of >’Mn, employing®'Fe Moessbauer spectroscopy following the implantation of radioa&re(T., = 1.5 min).>’Mn*
ions, produced at the online RIB facility ISOLDE at CERN, were accelerated to 60keV and implanted to fluence&up to 10
ions/cnf into commercially available single crystals substrates, held at temperatures betw&@0 X0 an implantation
chamber.>’Fe Moessbauer measurements, following®tvn to >'F e -defzay, were made with a parallel plate avalanche
counter mourgd on a conventional drive outside the implantation chamber. Spectra obtained after implantation into ZnO
show, in addition to spectral components due 6 &&Zn lattice sites, sextets originating from iron in the ferri¢‘jFe
state. Angle dependent amurements in an external magnetic field confirm that tfieafe paramagnetic in nature.
Similar results wAal OeThe spiaattde rélanatiod gf &8 isfoudd tolbe unexpectedly long (> 20
ns), and follows a Ttemperature dependence in ZnO, in contrast to ffiefendence expected for a fplsonon Raman
process as o0bs er JAleql Résalts wilbe presévigdandadisalisséd.

MON-IBMO01-5 #358- Contributed Talk Monday 3:30 PM Pecos |l
Damage studies in 4HSiC after Si and C low energy implantation

Venkata C. KummayiManagl S. Dhoubhadel, Bibhudutta Rout, Tilo Reinert, Floyd D. McDaniel, Weilin Jiang
“’Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texas 76203, United States
@pacific Northwest National Laboratory, Richland Washarg99352, United States

Single crystals of 4FBiC were implanted with 60 keV carbon or silicon ions separately at four different fluences:
for carbon implantation from 1.85xem? to 1x13° cm? (0.05 dpa to 0.28 dpa at the damage peak) and faorsilic
implantation from 5.5x1§ cm? to 3.2x13* cm (0.05 dpa to 0.30 dpa at the damage peak). All implantations were done at
room temperature. Before implantation the depth distribution of primary displacements and implanted ions were calculated
using SRM/TRIM-2011. The displacement energies for simulations were taken as 20 eV and 35 eV for C and Si
respectively. Damage accumulation after implantation was studied using two complementary techniques, Rutherford
Backscattering Spectroscopy in channeling m@&S-C) and Raman spectroscopy.

RBS-C was done using 2 MeV Heeam along (0001) crystallographic axis in SiC. The damage accumulation
was studied only in Si sdilattice region. The measured depth profiles for Si sublattice damage determined freBdRBS
compared with TRIM simulations for both C and Si implantation. Raman measurements were performed with 532 nm Ar
ion laser. The decrease of the Raman signal intensity, measured at the transverse and longitudinal optical-@eaks in Si
vibrational range, Vth increasing ion fluence shows the influence of implantaitioiiced damage.

Complete amorphization has not been achieved for the maximum fluence implanted for both C and Si ion
implantation. The amount of damage after implantation, determined byHsotbahniques, is in good agreement with each
other. In this paper we report the theoretical simulations from FEROML and experimental results obtained from both the
techniques in Si and C implanted -48iC.

Acknowledgements: Authors would like to thathke CART facility at UNT for Raman spectroscopy
measurements. RBS experiment was performed at EMSL, a national scientific user facility sponsored by the DOE's
OBER located at PNNL. Jiang was supported by DOE BES.

MON-IBMO01-6 #65- Contributed Talk Monday 3:30 PM Pecos Il
Swift heavy ions for synthesis of the lightmitting Si nanostructures in Si/SiQ multilayers

G. A. Kachurirl, S. G. CherkoVit, V. A. Skuratov, D. V. Marin“? V. A. Volodin“? A. G. CherkoV? G. N. Kamael?
A. H. Antonenko™?
B0 RAN, Institute of Semiconductor Physics , Pr. Lavrentjeva 13, Novosibirsk 630090, Russia
@Novosibirsk State University, Pirogova 2, Novosibirsk 630090, Russia
®J0int Institute for Nuclear Research, JoliBtirie, 6, Dubna 141980, Russia

The ability of quantunsize Si nanocrystals (ics) to emit light opens the door to theb&sed optoelectronics.
Usually Sincs are prepared by furnace annealing of thécBiSiO, layers, however that results in their relatively broad
size distributionand their size and density cannot be controlled independently. We attempted to use swift heavy ions for
the highly local formation of Siacs. The stopping of swift heavy ions in the reanface layers occurs predominantly by
the ionization losses. Thatdds to formation of the tracks, where the carrier concentrations may réamh*land the
temperature may exceed 5000 K for'#00"s. Thus, the structural transformations in the target may be stimulated either
by heat or by ionization. Several pairfsthe alternating ~8 nmthick amorphous Si and ~10 rAtlnick SiO, layers on the
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Si substrates were irradiated with 167 MeV Xe ions to the doses%f@@cmi®. The ionization and nuclear losses of the

ions were ~14.5 keV/nm and ~0.3 displacementsfespectively. It was supposed that thickness of Si layers and diameters

of the tracks will define the sizes of-8¢s. After irradiation the electron microscopy revealed an appearance of numerous

3-5 nm size dark spots. The layers gave yeltmange photmminescence (PL), which intensity grew with the ion dose. It

is traditionally considered as of the different rogstalline Si nanoinclusions in SjQAfter annealing the PL strongly

increased with a shift of maximum intensity to ~800nm, typical of thecS emission. The highest intensity was observed

after 1106C anneal, still remaining proportional to the ion dose. Also the Raman spectroscopy evidenced the disappearance
of the amorphous Si phase in compliance with the ion doses. It is concludedathation stimulates synthesis of the
light-emitting Sincs in SiQ during the subsequent annealing. The mechanism of the stimulation is discussed.

MON-IBMO01-P1 #213- Poster Monday 5:30 PM Rio Grande
Correlation between microstructural and magretic properties of Tb implanted ZnO

P P Murmd? J Kennedy? B J Ruck, G.V.M Williams’, A Markwitz*? S Rubanoy A A Suvorovd
®ONational Isotope Centre, GNS Science, 30 Gracefield Road, PO Box 31312, , Lower Hutt, Wellington 5010, New Zealand
@The MacDiarmid Institute for Advanced Materials and Nanotechnology, Victoria University of Wellington, PO Box 600, Wellington
5010, New Zealand
@Inst Bio21, University of Melbourne, Vic , Melbourne 3010, Australia
@Centre for Microscopy, The Univétsof Western Australia, Crawley, Perth Western Australia 6009, Australia

Rareearth (RE) elements doped semiconductors are potential dilute magnetic semiconductors (DMSs) for
spintronic applications, which are reported to exhibit large magnetic mg¢bjeAinc oxide (ZnO) is predicted to be a
promising host material for DMS systems [2], however, research has mainly been focussed into transition metals doped
ZnO [3]. Reports of magnetic properties of RE doped ZnO are scarce and lack consistency ef/oragnetic properties
are very sensitive to microstructures of the film, and require a careful correlation between microstrndtoragnetic
properties.

We report microstructural and magnetic properties of Tb implanted ZnO single crystals. Thrensgianted at
40 keV at RT with fluences ranging from 6.7x1014 to 3.0x101&¢cnesulting around 0.7 to 12% Th atoms at an average
depth of ~12 nm with a maximum depth of 25 nm. RBS and channeling for 6.7x16d4ngotanted ZnO revealed that
around 85%Tb atoms occupied at Zn substitutional lattice sites, unlike Gd implanted ZnO with similar fluence, where
almost all the Gd atoms resided at substitutional lattice sites [4]. Efikeggd TEM micrographs revealed Th atoms were
primarily located at anverage depth of ~10 nm and suggested to formeldted nanoclusters. Raman spectroscopy
results indicated that annealing assisted implantation induced disorder recovery in ZnO lattice by driving Tb atoms out of
the substitutional sites. Room temperatnedmagnetic ordering was observed in ZnO:Tbh samples annealed at 650 oC.
Temperature dependent magnetization results suggested contributions from ferromagnetic and paramagnetic phases, a trend
also observed in ZnO:Gd [5].

[1] S. Dhar et.al, Phys. Revett. 94 (2005) 037205.

[2] T. Dietlet.al, Science, 287 (2000) 1019.

[3] S. J. Pearton et.al, J. Elec. Mater. 36 (2007) 462.

[4] P. P. Murmu et.al, J. Appl. Phys. 110 (2011) 033534.

[5] P. P. Murmu et.al,.J. Mater. Sci. 47 (2012) 1119.
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MON-IBMO01-P2 #393- Poster Monday 5:30 PM Rio Grande
Formation and structure of Zn and ZnO nanoparticles in Si by ion implantation and thermal annealing

Bimal PandeyPrakash R Poudel, Duncan L Weathers
lon Beam Modification and Analysis Laboratory, DepartnadiRhysics, University of North Texas, 1115 Union Circle # 311427,
Denton TX 76203, United States

Zinc Oxide (ZnO) nanostructures were synthesized by the implantation of ZnO molecular ions into Si followed by
high temperature thermal annealing. ZnO iaha fluence of 1x1@atoms/cmiand energy of 35 keV were implanted into
Si at room temperature. The implanted sample was annealed for 1 hour in a mixture of argon (96%) and hydrogen (4%)
gases environment at 780 to allow the growth of ZnO precipitateln the asmplanted sample, Zn nanoparticles ~ 4 nm
in diameter were observed. The highest concentration of Zn during the implantation was at a depth of 26 nm in the Si.
During annealing, Zn diffused in both directions, and after annealing the maxdongentration of Zn was at 38 nm from
the surface. After annealing, Zn and ZnO nanostructure formation was confirmed, with diameters up to 17 nm and 13 nm,
respectively. High resolution transmission electron microscope (HRTEM), energy disperaivepetroscopy (EDS), x
ray diffraction spectroscopy (XRD) andray photoelectron spectroscopy (XPS) were used to characterize the sample.

MON-IBMO01-P3 #452- Poster Monday 5:30 PM Rio Grande

Antibacterial and Surface Characterizations of Hybrid lon Implanted ePTFE Samples for
Vascular Graft Applications

Senem OngélAhmet Oztarhaf®, Emel Sokullu Urkat
®Biotechnology, Ege University, Izmir, Turkey

@Ege University, Surface Modification Laboratory , Izmir, Turkey
®Bioengineering, Ege Univetgi Izmir, Turkey

®Ege University, Surface Modification Laboratory , Izmir, Turkey

In this work antibacterial and surface characterizations of hybrid ion implanted ePTFE samples for vascular graft
applications were investigated and the results wersented Expanded Polytetrafluoroethylene (ePTFE) is widely used
as vascular grafts, due to its mechanical strength, chemical inertnesg]hremivenes and infection resistant properties.

In this work the samples were implanted with both Ag and Ziot® (with 1x16*'* ion/cnf fluences, 20 kV
extraction voltage) by using MEVVA ion implantation system.The antibacterial activities of ion implanted samples were
examined against both S.aureus and E.coli according to AATCC Test Methd®990The S. aeus bacteria reduction
of Ag ion implanted samples (for vascular graft applications) were found 100% , and 97% for Zn+O. But E.coli bacteria
reduction of Ag and Zn+0O hybrid ion implanted samples were found Té#atact angle measurements were done by
usng goniometer and found that sample surfaces became hydrophobe after Ag implantation and Zn+0O hybrid ion
implantation . Surface morphology of ion implanted samples were investigated by SEM analysis. The results suggests new
approach to functional ePTHHrfaces for biomedical applications.
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MON-IBM02-1 #323- Invited Talk- Monday 1:00 PM Pecos Il

Molecular Dynamics Modelling of Swift Heavy lon Tracks in MeV SIMS of
Organics and Semiconductors

Roger P Webb
Surrey lon Beam Centre, University of By, Guildford Surrey GU12 5LY, United Kingdom

Recently there has been an increasing interest in the use of MeV heavy ions for ion beam analysis purposes.
Previously the majority of ion beam analysis work has been performed using either protons omdmsliexecept for ERD
(Elastic Recoil Detection) analysis. PDMS (Plasma Desorption Mass Spectrometry) in the 1970s demonstrated that MeV
Heavy ions are very efficient at sputtering insulating and organic samples and the resulting secondaru ion massispectra
be used for identification purposes. Recently it has been shown that this technique can be used in conjuction with a foussed
beam to produce Molecular concentration maps on surfaces with high spatial resolution (now terr@dAgeWith the
potentialto move into analysis at ambient pressure conditions. We use Molecular Dynamics simulations to show how the
energy deposited from an MeV heavy ion in orgainc and eiconducting materials can result in substantial sputtering. The
effect of changes in energgposition density are investigated and the results of the MD simulations are parameterised to
use in a simpe Monte Carlo model for sputter erosion of insulating and semiconducting surfaces.

MON-IBM02-2 #77- Invited Talk- Monday 1:00 PM Pecos II

Swift heavy ion induced nanedimensional phase separation in liquid immiscible metal binaries

Sanjeev Kumar Srivastal/&Saif Ahmad Khaf) Sudhherbabu PavullyrDevesh Kumar Avasthi
Wpepartment of Physics and Meteorology, Indian Institute of Technélbasagpur, Kharagpur West Bengal 721302, India
@Inter University Accelerator Centre, Aruna Asaf Ali Marg, P.O. Box 10502, New Delhi Delhi 110067, India

Materials composed of dispersed nanoparticles of metals in the matrix of another metal hawsd apf#icttions
as solid lubricants in advanced bearing systems [1]. Attempts are made to synthesize such structures by rapid thermal
annealing, at earth and in space, of liquid immiscible binaries, but the density difference and Marangoni motion led to
stratification and coarse phase separation. Another way is to utilize the capability of swift heavy ions that they produce
transient molten nanocylindrical zones in matter and cool it at a rate of ne8ri§/4 @ elevate a mixture of liquid
immscible binay to liquid state and then get the rapid cooling [2]. We irradiated pulsed laser deposited homogeneous thin
films of MnBi, BiFe and BCr binaries, where elements in bold are impurities of about 5 percent, by 100 MeV Au ions.
FESEM images reveal that threadiation leads to formation of roughly 20 nm nanoparticles up to a fluence 0f5x10
ions/cnt in all samples. Coalesced nanoparticles are observed at higher fluences. Enhancement of impurity XRD peaksafter
irradiation is suggestive of phaseparation ofminority elementA reduction in the remanence and saturation
magnetization of MBi samples on irradiation, an evidence of Mn nanostructures formation, reveals the phase separation of
Mn as well. A further XPS investigation on the Birsamples shows negrl.5 eV binding energy shift in Mn peaks,
indicative of isolation of Mn in nhanodimensional form and/or some bonding with Bi, which, in turn, has been observed as a
reduction in the intensities of Bi peaks.-Afitio density functional theory calculationsry well supplement the above
observations.

[1] B. Predekt al. in Decomposition of Alloys: The Early Stagesed. H.U. Walter and M.F. Ashhy (Berlin:
Springer, 1987) p. 517.

[2] S.K. Srivastavat al., Phys. Rev. B 71 (2005) 193405.
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Swift heavy ion induced material modifications in ferroelectics: understanding molecular reorientation
and strain development through temperature dependent Raman spectroscopy

Parmendra Kumar Bajpai
Advanced Mterial laboratory, Department of Pure & Applied Physics, Guru Ghasidas Vishwavidyalaya, Guru Ghasidas
Vishwavidyalaya campus, Koni, Bilaspur Chattisgarh 495009, India

Energetic ion beams are widely used in material's modification. The ion beam effectdayials depend upon
the type of materials, ion energy, fluence and ion species used. Heavy ions with energies so high that the electronic energy
loss process dominates are known as swift heavy ions (SHI). SHI beams are used to study the novedéftretsti
materials such as metals, semiconductors, superconductors, organic crystals, polynieesiagttectric crystals are basic
materials used in pyroelectric, piezoelectric and optical devices for technological applications. Molecular origatetio
a critical role in many of the ferroelectrics, especially, in ferroelectric crystals having polyatomic units in the.unit cell
Switching is significantly affected by the orientational change in molecular units. The Raman spectroscopy is one of the
molecular level probes that are @rkntly orientation sensitive.

In the present talk, we review the material modifications using SHI irradiation in ferroelectrics and present the
recent results of temperature dependent Raman spectral analysis ongheciiie sulphate (TGS) single crystals and
BaSr.«TiO; ceramics. Temperature dependent changes in line width, peak intensity and integrated intensities of Raman
modes revealed molecular orientational change in glycine ions and oxygen octahedraldiltgming of cubic to
tetragonal phase transition temperature in BST after irradiation. The results are analyzed in terms of change inglipolar lon
range order and are used to explain the dopant induced polarization switching inhibition and reducsion ih s
demonstrate the application of heavy ion beams as a tool to control polar ordering.

MON-IBM02-4 #318- Contributed Talk Monday 1:00 PM Pecos Il

Porosity and plastic flow in swift heavy ion irradiated GaSb

Patrick_KlutH, Leandro Arauy’, Raquel Giuliafh Boshra Afrd, Matias Rodriguez Thomas Bierschefk
James Sullivah Aidan Byrné, Mark Ridgway
®Research School of Physics and Engineering, The Australian National University, Canberra ACT 0200, Australia
@Universidade Ederal do Rio Grande do Sul, Porto Alegre, Brazil

While it has previously been reported, that ion irradiation with dominant nuclear energy loss leads to
amorphisation and the formation of a porous network in crystalline GaSb, little is known abotethefefwift heavy ion
(SHI) irradiation on this material, i.e. where the energy transfer is virtually entirely duectmaic interactions. For this
study we have irradiated 2 em thin crystalline GaSb | aye
185 MeV Au ions. We have investigated the resulting structure and morphology of the material usingtsymxray
absorption spectroscopy (XAS), scanning electron microscopy (SEM), surface profilometry and positron annihilation
lifetime spectroscopy (PALS) as a function of the irradiation parameters. The irradiation renders the GaSb porous and
inducesstructural disorder. Initially, vacancy clusters form, which evolve into large spherical voids that elongate along the
ion beam direction. Continuing irradiation leads to the formation of irregularly shaped hollow pockets with thin sidewalls.
This structue is significantly different from that observed previously for irradiation in the nuclear energy loss regime.
When irradiation is performed under an angle of 45° with respect to the surface normal, plastic flow of the material is
observed in the directioof the projection of the ion beam. The latter has previously only been observed for amorphous
materials, however, XAS measurements reveal residual crystallinity after irradiation albeit with enhanced local disorder.
The porous layer thickness and the redgborous micretructure is critically dependent on the angle of irradiation. We will
present a systematical investigation of the morphology and local atomic structure of GaSb as a function of irradiation
fluence and angle and discuss the possible uridgrigechanisms for the transformation.
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MON-IBM02-5 #39- Contributed Talk Monday 1:00 PM Pecos I

Structural and optical properties of Ge nanocrystals embedded in Sigprepared
byl MeV Ge implantation

Saikiran \}, Srinivasa Rao N Devaraju &, Sundaravel & K G M Nai, Anand P Pathadk
Mschool Of Physics, University Of Hyderabad, P.O. Central University, Gachibowli, Hyderabad, Andhra Pradesh, 500046, India
@Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkanilafiadu, 603102, India

Semiconductor nanocrystals (NCs) embedded in a dielectric matrix have attracted increasing attention due to their
potential applications in optoelectronic devices. Researchers are looking for various synthesis methods ioptirdereto
structural and optical properties of embedded NCs for diverse applications. Among those, ion beam synthesis has received
considerable interest due to its ease and simplicity in varying the ion beam parameters. One of the most versatile techniques
for nanocrystal synthesis involves highse ion implantation followed by high temperature annealing, because the size and
structure of NCs can be controlled by changing the ion dose, the energy of ion and the annealing temperatures. In this work,
the strictural and optical properties of Ge NCs embedded in gi€pared by 1 MeV Ge implantation and followed by
rapid thermal annealing (RTA) at various temperatures will be discussed. The Ge implantation was done at various fluences
ranging from 3x1& to 1.5xL0"" ions/cnf into SiO,. The structural and optical properties of the as implanted and annealed
samples have been investigated by usiagydiffraction (XRD), Transmission Electron Microscopy (TEM), Raman
spectroscopy and Photoluminescence (PL). Thetsffaf annealing temperature on the structural and optical properties of
Ge NCs obtained by Ge implantation at various fluences will be discussed in detail.

MON-IBM02-P1 #49- Poster Monday 5:30 PM Rio Grande
Effects of lon irradiation on GeO, nanocrystals fluence dependence study

Saikiran V Srinivasa Rao N, Devaraju G, Anand P Pathak
School Of Physics, University Of Hyderabad, Gachibowli, Hyderabad, Andhra Pradesh, 500046, India

Semiconductor nanocrystals (NCs) exhibit interesting electanmdooptical properties which make them potential
candidates for important applications. In addition to elemental semiconductor NCs, Germanium dioxide (GeO2) also
attracts immense attention due to its wide range applications such as optical waveguidesnnectons in
optoelectronic communication and vacuum technology. The properties of NCs are not only determined by their size but
also by their shape, composition and structure. The modification of these materials plays a vital role in tuning their
propeties for various applications. In particular ion irradiation is established to be one of the versatile techniques for the
modification of materials at narsrale. Here we present the effects of 80 MeV Ni ions irradiation with different fluences
on GeO2 NG. The GeO2 NCs films were prepared by RF magnetron sputtering with Ge as sputtering target in argon and
oxygen partial pressures. The samples have been characterizecpypKfraction (XRD), Raman Spectroscopy, Field
emission scanning electron Micropyo(FESEM) and Atomic Force Microscopy (AFM) before and after irradiation. The
modifications due to ion irradiation observed from these results based on ion solid interaction will be discussed in detail.
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MON-IBM02-P2 #60- Poster Monday 5:30 PM Rio Grande

Structural and Optical properties of Porous Silicon prepared by anodic etching of Irradiated Silicon

V S Vendamarlj S V S Nageswara R§dN Manikantha Bal Saikiran V, Srinivasa Rao f Devaraju &,
Anand P Patha&k
Wpepartment of Physic®ondicherry University, Pondicherry, Pondicherry, Puducherry, 605014, India
@school of Physics, University of Hyderabad, Gachibowli, Hyderabad, Andhra Pradesh, 500046, India

Porous silicon is considered to be a potential material in the field of@@strand optoelectronics because of its
strong luminescence in visible region. lon beam irradiation shows versatile effects on physical and optical properties of
porous silicon. However there are only few reports on the structural and optical progertissus silicon prepared from
irradiated silicon. Here we present a study on the influence of swift heavy ion irradiation on the surface roughness of
silicon and consequent effects on the formation of porous silicon.-Type100) Si was irradiated ti80 MeV Ni ions
at various fluences ranging from 1%t@ 5x10°ions/cnf. The irradiated samples were anodically etched to get porous Si.
These ion induced effects are being investigated by Photoluminescence (PL), Raman Spectroscopy, Fourier Transform
Infrared Spectroscopy (FTIR), AFM and FESEM and will be discussed in detail during the conference.

MON-MAOQ01-1 #475- Contributed Talk Monday 1:00 PM Pecos |

Important Considerations in the Use of Charged patrticles for Radiotherapy

Amato J. Giaccia
Department of Radiation Oncology, Stanford University School of Medicine, Stanford CA 94305, United States

In 1946, Wilson and colleagues from Berkley the use of protons to treat tumors after analyzing their depth dose
profile. Treatment of patients wiitorotons, and then other charged particles soon followed. The advantage of increased
energy deposition with penetration depth was perceived as a distinct advantage of protons. and some charged particles such
as carbon ions. In addition, charged ions sagkarbon ions also possess increased ionization energy density that results in
clustered DNA damage that is more difficult to repair. The-@vaeasing numbers of Proton facilities and to a lesser
extent Hadron facilities that are going on line repnésan opportune time to investigate the radiobiology of these particles
in more depth. The talks in this session will cover the basic biophysical and radiobiologic properties of charged particles.
We will cover how tissues respond to charged particleshamw the cellular response to charged particles differs from
conventional low LET irradiation such asrays. In particular, DNA damage and repair, the effects of tumor hypoxia, cell
cycle effects, stem cells and normal tissues effects will be discufbede are still many questions about the use of
charged particles in clinical radiotherapy that need to be addressed to better utilize them for the treatment of cancer.

MON-MAOQ1-2 #474- Invited Talk- Monday 1:00 PM Pecos |
DNA damage responses inated by HZE particles in human cells

Aroumougame Asaithambipavid J. Chen
Department of Radiation Oncology, The University of Texas Southwestern Medical Center at Dallas, Dallas TX 75390, @nrited Stat

The most important effect of radiation is dam&g®NA, mainly DNA doublestrand breaks (DSBs). Unrepaired
or misrepaired DSBs will result in cytotoxic, mutagenic and carcinogenic effects of radiation. Substantial evidence
indicates that high ET radiation induces complex DNA damage or clustered DN#otes in cells. Evidence indicates that
complex lesions are difficult to repair than isolated lesions and therefore, associated with increased relative biological
effectiveness (RBE) for cell killing, chromosomal aberrations, mutagenesis, and carciiodésiag a novel live cell
imaging combined with immunefluorescent approach, we have monitored the repair kinetics of DNA DSBs induced by
HZE patrticles in human cells. We found that the induction of unrepaired DSBs is dependent on the physical thality of
HZE particles. Further more, we showed that the kinetics of loss of clustered DNA lesions was substantially compromised
in human cells. The unique spatial distribution of different types of DNA lesions within the clustered damages, but not the
physial location of these damages within the-sufzlear domains, determined the cellular ability to repair these damages.
Importantly, examination of metaphase cells derived from HZE particles irradiated cells revealed that the extent of
chromosome aberrationrectly correlated with the levels of unrepaired clustered DNA lesions.
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In addition, we used a novel organotypic human lung tdreensional (3D) model to investigate the biological
consequences of unrepaired DNA lesions in differentiated lung epiltbelle We found that, unlike simple DSBs,
complex DNA lesions induced by iron particles were irreparable in organotypic 3D culture. As the organotypic 3D model
mimics human lung, it opens up new experimental approaches to explore the effect of reciédiomnd will have
important implications for evaluating radiation risk on human lung carcinogenesis and cancer therapy.

MON-MAOQ1-3 #469- Invited Talk- Monday 1:00 PM Pecos |

Long-term cellular response predicted by microdosimetry and DNA repaiicenters

Sylvain Costes, Ph.D.
Life Sciences Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, MS 977, Berkeley CA 94720, United States

Our lab recently showed that DNA double strand breaks (DSB) induced by ionizing radiations esteldicto
common regions of the nucleus to be repaired. We hypothesized that such a phenotype is probably genetically variable
among the human population, and that people with strong &quot;repair center&quot; phenotypes would be at higher risk
from the efects of ionizing radiation. Our rationale was that when two or more DSB moved into one common repair center,
this would increase the probability of DNA misrejoining, leading to chromosomal rearrangements and potentially cell
death. If we assumed the foNmng: 1. a nucleus is an hemisphere; 2. DNA damage are randomly generated in the DNA; 3.
DNA damage migrate to the closest repair center for repair, then we also concluded that DSB clustering would be non
linear with dose, with much more clustering at legoses. We recently developed a simple Monte Carlo model to
simulate the movement of DSB into common repair centers in hypothetical nuclear hemispheres for various doses. In this
model, the average distance between nearest repair centers was detexpenietkatally for Xray, and was estimated to
be ~1.2 em in human breast cells. Using such parrameters,
to estimate the lethal impact of DSB clustering using simple target theory. When thetgeal property of &quot;repair
centers&quot; were combined with the microdosimetric description oflhightracks, we could then predict cell death
and chromosomal rearrangements after exposure telfighions. Our prediction matched very accuratelgeximental
data for highLET radiation. Therefore, such approach is very promising to refine clinical treatment planning at the
individual level.

Supported by the U.S. Department of Energy under Contract NA@IE-05CH11231 and the DoE Low Dose
Researh Program
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MON-MAOQ1-4 #470- Invited Talk- Monday 1:00 PM Pecos |
Impact of HEZ Particle Irradiation on Adult Neural Stem Cells and Neurogenesis In Vivo

Benjamin Chen
Radiation Cncology, University of Texas, Southwestern Medical Center, 2201diRead, Dallas TX 75390, United States

The highLET HZE particles from galactic cosmic radiation pose tremendous health risks to astronauts, including
risks to the central nervous system (CNS) and potential cognitive impairment. One CNS cell poaati@mrants close
analysis for their response to radiation is adult neural stem cells in subgranular zone (SGZ) of hippocampal dentate gyrus
(DG) since adult hippocampal neurogenesis has been linked to learning and spatial memory and is criticaier cogni
recovery after brain injury. To examine the response and potential recovery of adult neural stem cells aftel hiyt
LET irradiation, we utilize two transgenic mouse models based on Nestin promote aseMpstBsing stem cells are
thought to le the source of a continuous supply of neural progenitor cells, which eventually mature into neurons. Nestin
GFP mouse could label neural stem cells based on expression of green fluorescent protein and morphology-and Nestin
CreERT2/R26RYFP (KxY) mouse abbws permanent YFRbeling of adult neural stem cells and their progeny. In this
study, we analyze cell proliferation and adult neural stem cells survival at SGZ after <sup>56<sup>Fe particle irradiation.
NestinGFP and NesthCreERT2/R26RYFP mice were shjected to whole body irradiation with <sup>56<sup>Fe
particles. Our analyses reveal that <sup>56<sup>Fe particle exposure transiently decreases DG proliferation and induces
long-term changes in overall neurogenesis. We also observe the persistence daibige (53BP1 foci, suggesting leng
term genomic instability) and an inverse correlation with the number of immature DCX+ neurons. However, the number of
Type-1 neural stem cells remains constant, suggesting that thepsbdiferating Typel cells are mag resilient than the
fastproliferating progenitor cells. These results highlight that, despite the persistence of putative neural stem cells,
<sup>56<sup>Fe particle exposure could deliver a-tenm impairment in adult hippocampal neurogenesis not by
influencing the number of neural stem cells but their ability in proliferation and/or differentiation.

MON-MAO01-P1 #415- Poster- Monday 5:30 PM Rio Grande

Development of an External Beam Setup for the loBeam-Microprobe at the University of North Texas

Jacob D BaxleyTilo Reinert
lon Beam Modification and Analysis Laboratory, Physics Department, University of North Texas, 1155 Union Circle #311487, Dent
TX 76203, United States

The University of North Texas (UNT) has an ion beam microprobe tinarat the 9SDF2 3.0 MV Tandem
Pelletroff accelerator capable of focusing also heavy ions. The variety of ion species at MeV energies represents a source
of ionizing radiation of a broad range of linear energy transfer. The microprobe at UNT is tharelficsuited to study the
effects of localized low dose ionizing radiation in biological systems.

Since radiobiological research requires living model systems we are developing an external beam set up based on a
beam exit nozzle, which will be installédthe existing microprobe analysis chamber. The intended biological model
system is the egg dfrosophila melanogaster Our goal is to use the Braggak of maximum ionization density for
particle radiation to induce a localized hot spot of ionizing tamtidnside the egg. The hot spot shall deliver an energy
dose above the level for triggering radiation response, especially the activation of the tumor suppressor protein p53,
whereby p53 remain silent along the radiation entrance path.

We will presenthie design of the external beam setup and simulations of the energy dose distribution.
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MON-MAQ02-1 #109- Invited Talk- Monday 3:30 PM Pecos |

Predicting the enhanced effect of ions compared to-Kays: The local effect model and its application

Thomas Friedrich Uwe ScholZ, Rebecca GrilnOlaf Steinstratér Marco Durante?, Michael Scholz
Wpepartment of Biophysics, GSI Helmholtz Centre for Heavy lon Research GmbH, Planckstrasse 1, Darmstadt 64291, Germany
@Institute of solid state plsics, Darmstadt University of Technology, HochschulstrasgeDfarmstadt 64289, Germany

Compared to gammar X-rays ions show an increased effectiveness when irradiated to biologic targets such as
cultured cells or tissues. This enhancement is otleeafationales for ion cancer therapy and is quantified as the relative
biological effectiveness (RBE). The RBE has been investigated in radiobiology since decades, and a manifold dependence
on radiation quality (i.e. energy and ion species), dose, depitsue, and on the biologic response of cells or tissues under
investigation has been found. For therapeutic purposes with ion beams mixed radiation fields have to be considered and a
sufficiently accurate set of RBE values for each specific tissueatypeadiation quality is needed.The Local Effect Model
(LEM) is one of the few models capable to predict the RBE and hence allowing biologically oriented treatment planning. It
is successfully applied in carbon ion therapy and also used for designingderdtanding radiobiological experiments
with different endpoints.

In the talk the conceptual basis of the LEM is discussed. The response of cells after photon irradiation is used to
calculate its response to ion beams. For that purpose a mechanistimgiofithe induction and the spatial distribution of
double strand breaks is performed. For photons the distribution is based on Poissonian statistics and for ions an amorphous
track structure model is applied. This allows predicting RBE values fomadigecies relevant for ion therapy with one
comprehensive set of input parameters. We show several examples of how the LEM is used tevitomahith irvivo
results of radiobiological experiments, and how the model was validated. The interpretttiohBM in treatment
planning is described, and the consistency of model predictions with clinical outcomes is demonstrated. Finally a short
gualitative comparison of the LEM with other RBE models is given.

MON-MAQ02-2 #29- Invited Talk- Monday 3:30 ®1 - Pecos |
RBE enhancement by sub micrometer focusing of low LET protons

Christoph Greubél Thomas E Schmfg Stefanie Girst Volker Hablé, Dérte Michalski, Michael Moll$,
Gabriele Multhoff, Ernst Schmitj Judith Seé] Christian Siebewirth’, Olga Zlobinskaya Giinther Dollinger
Dinstitut fir Angewandte Physik und Messtechnik, Universitat der Bundeswehr Miinchen, Neubiberg, Germany
@Dpepartment of Radiation Oncology, Technische Universitat Miinchen, Miinchen, Germany
®nstitute forCell Biology, LudwigMaximilians Universitat Miinchen, Miinchen, Germany

High LET radiation like heavy ions is well known to induce a higher RBE than low LET radiation for almost all
endpoints. However, in order to obtain more insight into heavy ion ttheospy some major features of the biological
effectiveness of high energy and high LET ions are essential to analyze in more detail.

High LET radiation deposits doses in the order of few gray into a cell nucleus by only few hits, whereas for low
LET paticle several hundred hits are necessary. As a result the spatial dose distribution of low LET protons is nearly
homogenous with dose enhancements up f&iaround the proton tracks. In contrast, for carbon ions the dose is
concentrated around the feanitracks exceeding the maximum dose of protons by two orders of magnitudes.

To study the influence of spatial dose distribution on RBE we use the ion microprobe SNAKE to concentrate the
deposited dose in cells by focusing a certain number of low LEDsdb a sub micrometer spot which approximate a
high LET dose distribution. In detail, human hamster hybrid (AL) cells have been exposed to an average dose of 1.7 Gy
using randomly distributed® MeV protons, singl e 55 ?Fhetikarda0Me¥protonsom s i n
the same matrix with 117 protons per matrix point. The RBE values for induction of micronuclgj(RBE8+0.07) and
dicentric chromosome (RBJg= 1.92+0.15) are sigficantly higher in focused proton mode than for randomly distributed
protons (RBE, = 1.28+0.07; RBE. = 1.41+0.14). The RBE enhancement toward the value of high LET 55 MeV carbon
ions (RBEy, = 2.20+0.09 and RB§ = 3.21+0.27) is attributed to the modidi dose distribution.
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MON-MAQ02-3 #256- Invited Talk- Monday 3:30 PM Pecos |

Estimate of the clinical impact of the RBE variations in proton and carbon ion treatments: a
radiobiological modeling approach

Andrea_Attilt, Germano Rus$pFelix MsMilian?, Flavio Marchettd Laura lannotti Damien Bertrarfg
Yves Jongeh
WExperimental Physics, Istituto Nazionale di Fisica Nucleare, Via Giuria 1, Turin 10125, Italy
@10n Beam Applications (IBA), Chemin du Cyclotron, 3, LowaiNeuve 1348Belgium

Purpose An important aspect in the field of advanced radiotherapy with ion beams is the implementation of a
Treatment Planning System (TPS) which includes the evaluation of the biological effects. In this work we present an
analysis of the dhiical impact of the biological effects in Charged Particle therapy with protons and Carbon ion beams. The
analysis was performed using a TPS prototype for hadrontherapy that is currently being developed at INFN in partnership
with lon Beam Applications (IB).

Methods: The TPS prototype dose and RBE distributions are computed by the superposition of kerapl look
tables generated using MC simulations. These were performed using the Fluka toolkit plus an implementation of the Local
Effect Model (developedybthe GSI Biophysics group [1]), and an original improved version of the Microdosimetric
Kinetic Model (MKM) [2]. A set of treatment plans of clinical cases are analyzed using the RBE weighted dose volume
histograms (DVHSs), the tumour control probabililyQP) and the normal tissue complication probability (NTCP) values.

Result The RBE weighted DVH for organs at risk is significantly increased due to the RBE variation, even in the
case of irradiation with protons which clinically are assumed to havestaeiRBE = 1.1. As a consequence lower NTCP
values for the noarget normal tissue were obtained when applying the computed RBE.

Conclusion In the case of protons, we observed a difference when the RBE is modeled with respect to applying a
generic RBEof 1.1. This observation suggests that in some clinical cases it is worth considering such a variability in
clinical proton therapy planning, especially when risk organs are located immediately behind the target volume.

[1] T.Elsasser, M.Kramer, M.Scholnt. J. Radiation Oncology Biol. Phys, 71 no.3 (2008)-888;

[2] Y.Kase et al., Phys. Med. Biol. 53 (2008)-39.

MON-MAQ02-4 #48- Invited Talk- Monday 3:30 PM Pecos |

Revision of the status of proton relative biological effectiveness and its cartainties

Alejandro_Carabe
Department of Radiation Oncology, Hospital of the University of Pennsylvania, 3400 Civic Center Blvd, Philadelphia Pémnsylvan
19104, United States

The improvement of the delivery techniques in proton radiotherapy tasemnformality and accuracy of the
delivered dose should always be accompanied by a detailed knowledge of the radiobiological principles guiding the design
of the treatment. Without a full description of the radiobiological properties of protons wheimulfierent treatment
sites and with different doses, it is not possible to think of tailor made, personalized, proton radiotherapy treatment. The
current radiobiological data supporting the universally accepted 10% difference in biological effestimeggsured in
terms of the relative biological effectiveness, RBE) between protons-gays xvill be discussed, with particular emphasis
on the variability of this biological effectiveness with standard radiotherapy quantities such as dose/fracioEnieirtgy
Transfer and U/ b ratios. On the basis of this discussion
any size, or for tissues with very different radiosensitivities or at every depth along the protedatepginofile wi be
assessed. The potential advantages of the use of a 'variable' RBE in proton radiotherapy compared to a ‘constant' RBE will
be shown in prostate and brain cases. The uncertainties associated to the RBE weighted dose distributions will be then
discused on the bases of the current biological uncertainties, as well as how these uncertainties affect the proton physical
range uncertainty.
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MON-NBAEO1-1 #223- Invited Talk- Monday 1:00 PM Brazos I

Overview on Photon Activation Analysis and Recent Bsults on Particulate Matter from the Idaho
Accelerator Center

Philip Lawrence Cofe?, Christian SegebalieMayir Mamtimirf
Mdaho Accelerator Center, Idaho State University, 1500 Alvin Ricken Drive, Pocatello Idaho 83201, United States
@Dept of Plysics, Idaho State University, Pocatello Idaho 83209, United States

Instrumental analytical methods are preferable in studying the expectediligiam quantities of airborne
particulates collected in dust filters. The musitép analytical procedursed in treating samples chemically is complicated.
Moreover, due to the expected small masses of the "dust particles" (10 to 100 ugram) collected on filters, such a chemical
treatment can easily lead to significant contamination levels. Ramilytical tehniques, and in particular, activation
analysis methods offer a far cleaner alternative. Activation methods require minimal sample preparation and provide
sufficient sensitivity for detecting the vast majority of the elements throughout the periodic table

In this talk, we will give a general overview of the technique of photon activation analysis (PAA). We will show
that by activating dust particles with-1i0 30-MeV bremsstrahlung photons, we can ascertain their elemental composition.
The samples arembedded in dustollection filters and are irradiated "as is" by these photons. The radioactivity of the
photonuclear reaction products is measured with appropriate spectrometers and the respective analytes are quantified using
multi-component calibratio materials. We will give specific examples of identifying the elemental components of
airborne dust particles, volcanic ash, and lunar dust simulants by making use of bremsstrahlung photons from the electron
linear accelerator at the Idaho Acceleratenter.

MON-NBAEQ1-2 #133- Contributed Talk Monday 1:00 PM Brazos Il

Trace Element Analysis of Airborne Particulates, Volcanic Ash and Moon Dust Simulants by
Photon Activation

Mayir Mamtimin', Philip Colé, Christian Segebadle
Wpepartment oPhysics, Idaho State University, 921 S 8th Ave, Pocatello IDAHO 83209, United States
@|daho Accelerator Center, Idaho State University, 921 S 8th Ave, Pocatello IDAHO 83209, United States

The quality of the air suffers from contaminants: the industr@ald releases tremendous amounts of pollution
into the atmosphere around the world, volcanic eruption and volcanic ash often cause sudden environmental change, and
the events like the Fukushima nuclear power plant incident releases radioactive particiesair which could eventually
spread around the globe. Studies of these environmental facts not only tell us what we are inhaling everyday, but are also
strong telltale signs of environmental change, industrial impact, and global warming. As iditieatidy, we investigate
the technique of Photon Activation Analysis (PAA) on airborne particulates, volcanic ash, and Moon dust simulant
samples. PAA is mulélement activation analysis method which is based on photonuclear interaction. Usindities faci
at the Idaho Accelerator Center, it is possible to determine the elemental composition of the various samples. These results
can assist us in better understanding the change in environment, the impact of industrialization, and the contribution of
naural events like volcanos. At the same time, we are applying the technique of Photon Activation Analysis on a more
fundamental topic as determining the elemental composition of various materials. It is our aim to demonstrate that PAA is a
successful alterative method. At the end, we compare our preliminary results to that of some other analytical methods.
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MON-NBAEO1-3 #253- Invited Talk- Monday 1:00 PM Brazos I

Optimization of Commercial Scale Photonuclear Production of Radioisotopes

Bindu KC,Frank Harmonyaleriia N. StarovoitovaJon Stoner, Douglas P. Wells
Idaho Accelerator Center, Idaho State University, 1500 Alvin Ricken Drive, Pocatello ID 83201, United States

Photonuclear production of radioisotopes driven by bremsstrahlung phsiogsa linear electron accelerator in
the suitable energy range is a promising method for manufacturing radioisotopes. The photonuclear production method is
capable of making radioisotopes more conveniently, cheaply and with much less radioactivenvpated to existing
methods. Historically, photouclear reactions have not been exploited for isotope production because of the low specific
activity that is generally associated with this production process, although the techniquekizowellto be cagble of
producing large quantities of certain radotopes. We describe an optimization technique for a set of parameters to
maximize specific activity of the final product. This set includes the electron beam energy and current, the end station
design &n integrated converter and target as well as cooling system), the purity of materials used, and the activation time.
These parameters are mutually dependent and thus their optimization is noft@valhotonuclear production via
%7 n ( %Gupepction was used as an example of such and optimization process.

MON-NBAEO1-4 #87 - Contributed Talk Monday 1:00 PM Brazos |l

Thin Layer Activation (TLA) analysis of different materials for wear, corrosion and
erosion measurement

Ferenc Ditroi, SGndor Takécs, Ferenc Tarkanyi
Cyclotron Application, Institute of Nuclear Research, Bem tet,IBebrecen H1026, Hungary

In the modern industrial research sophisticated tools are required in order to elaborate, test and check a new
devebpment (new material, surface treatment, design, lubricant, etc.) and introduce it into the routine production. One of
these tools is the radioisotope tracing by Thin Layer Activation (TLA). Charged Particle Activation Analysis is routinely
used in severaccelerator laboratories producing radioisotopes with medium (from hours to days)dsalFrom this
method has the TLA developed. The basic material to be investigated is mainly metal (being the most frequent construction
materials in industry) and ¢hmost convenient way of TLA if one or more of the alloy components can be activated
directly, producing longelived radioisotopes having strong enough gannatfation for wear measurementé.none of
the components can be activated in such a way, tine sophisticated secondary implantation or radioactive beams can be
used. The secondary implantation can be performed in any accelerator laboratory (producing much lower activity than in
the direct activation case), but for radioactive beams a dedioatelbetor/laboratory is required. We demonstrate in the
present study through some real cases the applicability of the method and discuss the problem of "radioactive isotopes"
introduced in industrial sites, providing solution by introducing the activitrer the "free handling limit" (FHL).

MON-NBAEOQ1-5 #486- Contributed Talk Monday 1:00 PM Brazos Il
Testing the Quasiabsolute Method in Photon Activation Analysis

Z.J. Suh® D. Wells? V. Starovoitov&? C. Segebade
Wpepartment oPhysics, Idaho State University, 921 S. 8th Ave., Pocatello ID 83209, United States
@|daho Accelerator Center, 1500 Alvin Ricken Drive, Pocatello ID 83201, United States

In photon activation analysis (PAA), relative methods are widely used becaus# aktturacy and precision.
Absolute methods, which are conducted without any assistance from calibration materials, are seldom applied for the
difficulty in obtaining photon flux in measurements. This research is an attempt to perform a new absolathappro
PAA - quastabsolute methodby retrieving photon flux in the sample through Monte Carlo simulation. With simulated
photon flux and database of experimental cross sections, it is possible to calculate the concentration of target elements in
the sarple directly. The QA/QC procedures to solidify the research are discussed in detail. Our results show that the
accuracy of the method for certain elements is close to a useful level in practice. Furthermore, the future results from the
guastabsolute metha can also serve as a validation technique for experimental data on cross sections. Tdtesqluasi
method looks promising.
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MON-NBAEOQ1-6 #19- Invited Talk- Monday 1:00 PM Brazos |l

Edward's Sword? - A non-destructive study of a medieval king'sword

Christian Segebade
Idaho Accelerator Centre, Idaho State University, Pocatello ID 83201, United States

Non-destructive methods including photon activation analysis were applied in an examination of an ancient sword.
It was tried to find indicationf forgery or, if authentic, any later processing and alteration. Metal components of the hilt
and the blade were analysed by instrumental anetliestructive photon activation, respectively. Metallurgical studies
(hardness measurements, microscopic rsicugture analysis) are described, too. The results of these investigations did not
yield indication of norauthenticity. This stood in agreement with the results of stylistic and scientific studies by weapon
experts.

MON-NBAEO2-1 #102- Invited Talk- Monday 3:30 PM Brazos I

Applications of the associateeparticle neutron-time-of-flight interrogation technique - From Sheep to
Unexploded Ordnance

Sudeep Mitra
Environmental Sciences Department, Brookhaven National Laboratory, Upton NY 11973, Statiesd

The associategarticle technique (APT) will be presented for some diverse applications that include on the one
hand, analyzing the body composition of live sheep and on the other, identifying the fillers of unexploded ordnance (UXO).
What began wh proofof-concept studies using a large laboratory based 14 MeV neutron generator of the "associated
particle" type, soon became possible for the first time to measure total body protein, fat and water simultaneously in live
sheep using a compact fiedéployable associatguhrticle sealedube neutron generator (APSTNG). This fiovasive
technique offered the animal physiologist a tool to monitor the growth of an animal in response to new genetic, nutritional
and pharmacologic methods for livestock nyement. While measurement of carbon (C), nitrogen (N) and oxygen (O)
determined protein, fat and water because of the fixed stoichiometric proportions of these elements in these body
components, the unique C/N and C/O ratios of high explosives revaaledentity n UXO.

The algorithm that was developed and implemented to extract C, N and O counts from an APT generatedygamma
spectrum will be presented together with the UXO investigations that involved preliminaryofiamicept studies and
modelng with Monte Carlo produced synthetic spectra 6fl58 mm projectiles.

MON-NBAEQ2-2 #21- Invited Talk- Monday 3:30 PM Brazos |l

An integrated mobile system for nordestructive analysis with tagged neutrons

D. Cestel, G. Nebbid L. Stevanat', G. Viestf, F. Ner?, S. Petrucdj S. Selmi, C. Tintorf
(1)Dipartiment0 di Fisica ed Astronomia, Universita di Padova, Via Marzolo 8, padova 35131, Italy
@sezione di Padova, INFN, Via Marzolo 8, padova 35131, Italy
®CAEN S.p.A., Via Vetraial, Viareggio (LU) 55049, Italy

The SMANDRA inspection system has been recently developed within an Italian national program. It is
conceived as a multask tool for nordestructive analysis, to search and identify sources of ionizing radiatiomtifyide
dangerous and/or illegal materials inside volumes tagged as "suspect" by conventional surveys. The system is made of two
pieces: 1) a passive unit including two gammag detectors (5"x5" Nal(Tl) and 2"x2" LaBr) and two neutron counters
(liquid scinillator and 3He proportional counter for fast/slow neutrons). The unit hosts batteries, power supphesdfront
electronics and CPU; 2) an active unit including a portable sealed neutron generator based on the Associated Particle
Imaging (API) techniquéEADS SODERN TPA17). The first unit can be used in standalone mode to search and identify
radioactive material as well as Special Nuclear Material (SNM). It can be used as well as detector package connected to the
second unit for active interrogationafxels.
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SMANDRA is designed to be transported by a light vehicle, easily operated fsproialized personnel. The
front end electronics consist of a single VME card hosting FADC units (GXERR0) used to perform digital pulse
processing by FPGA. The gsive unit passed laboratory tests aimed at verifying the compliance with IEC standards.
Moreover the detection of SNM has been the subject of a specific experimental study [1]. Possible applications of the
present system will be discussed.

[1] D. Cestetet al., NIM A663 (2012) 55

MON-NBAEOQ2-3 #111- Invited Talk- Monday 3:30 PM Brazos I
Application of the Associated Particle Imaging Technique for Induced Fission Imaging

Seth McConchiePaul Hausladen, Matthew Blackston, James Mullens, Johalddo
Oak Ridge National Laboratory, 1 Bethel Valley Rd, Oak Ridge TN 37831, United States

The associated particle imaging (API) technique is well suited for performing fast neutron transmission imaging to
determine the configuration of materials wittein object. By detection of the alpha particle from the deuteritiomm
reaction, the time and direction tagging of individual 14 MeV neutrons can be sufficiently precise to enable of order
millimeter spatial resolution when using an appropriatelydsfast neutron detector. Determination of an object's material
configuration is accomplished by measuring the attenuation along many paths through the portion of the object in view of
tagged neutron cone. Rotating the object enables the use of tomognagdpe reconstruction methods for three
dimensional image analysis. However, those instances where the 14 MeV neutrons interact in the object somewhere along
their individual trajectories can also yield interesting information. For those neutronsdieg fission, one or more
neutrons will be emitted isotropically that are correlated in time with each other and with the original alpha event that
normally would have been used to reconstruct the neutron transmission data. If the fissioning mateutiptiaation,
then all of the fission chain neutrons will be correlated with the alpha event. These neutrons typically have eneegies on th
order of 2 MeV, so that timef-flight can be used to distinguish between transmitted 14 MeV neutrons antkthgilang
fission chain neutrons. Such a measurement would be useful for imaging the location of fissioning material within a
configuration and distinguishing highly enriched uranium from depleted uranium, especially when high Z shielding is
present. Amethodology for reconstructing the induced fission locations and measurements of various configurations of
uranium are presented.

MON-NBAEO2-4 #339- Contributed Talk Monday 3:30 PM Brazos Il

Associated Particle Neutron Imaging for Elemental Analys in Medical Diagnostics

David Koltick', Huiling Nie?
(1)Physics Department, Purdue University, 525 Northwestern Avenue, West Lafayette Indiana 47907, United States
@school of Health Sciences, Purdue University, 550 Stadium Mall Drive, West Lafagiette 47907, United States

Associated particle neutron elemental imaging (API) for in vivo and invitro diagnostic analysis is a candidate to
measure elemental disease signatures. Results sugest APl can produce elemental images with spaticdsesoaltias
1-mm even when limiting patient radiation exposure-ted. While API technology has been developed and used in
detecting explosive materials and mining resources for over three decades, its development for medical imaging has been
minimal.

While the human body is composed of complex mechanical, chemical and organizational interactions involving
molecules with up to 100s of billons of atoms, it is surprising localized elemental content presents diagnostic information
on disease presence. dinalous elemental concentrations have been observed to depend on cancer location for breast,
liver, colon, kidney, lung and prostate. In vivo observation of these elemental anomalies would provide a diagnostic tool
for disease presence. In vitro obsematinay provide rapid margin analysis during surgery to reduce the need for surgical
reintervintion. Investigation into the pathways underlying these anomalous elemental concentrations may provide new and
possible novel therapeutic targets. Measured elahdisease signatures range froippin to over 100ppm.

The paucity of API development for medical diagnoses is due to the limited obtainable spatial resolution by (1) the
timing of the associated particle used to form the image. However, we heplepaal a working API neutron generator
with measured timing resolution of less than pdfbsecond based on an in place ZRiQor. (2) Initial commercial API
generator developments required beam diametersm ih order to provide good neutron flux atM power target
densities for extended generator lifetime. We present data using a focusing beam with diameter to lesmth@ihese
features will allow spatial elemental details, on order-ofrth for projective imaging and less thaerh depth resolion
for 3-dimensional images.
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MON-NBAEQ2-5 #38- Contributed Talk Monday 3:30 PM Brazos |l

Prompt Gamma Analysis of Blended Cement Concrete Samples utilizing a Portable Neutron Generator

Akhtar A. Nagvt, Faris A. AFMatoud, Zameer KalakadaM. Maslehuddify Omar O. S. AlAmoud?
Wphysics, King Fahd University of Petroleum and Minerals, Dhahran, Dhahran Eastern Province 31261, Saudi Arabia
@civil Engineering, King Fahd University of Petroleum and Minerals, Dhahran, Dhahran Eastern Pr@1ia6&, Saudi Arabia
@center for Engineering Research, King Fahd University of Petroleum and Minerals, Dhahran, Dhahran Eastern Province 31261,
Saudi Arabia

A prompt gammaay neutron activation (PGNAA) setup has been developed utilizing a D(d,nprebased
portable neutron generator model MP320 (Thermo Fisher Company, USA) to determine the concentration of elements in
blended cement concretes. The main feature of the developed PGNAA setup is its detac®r geometry that allows
one to detegbrompt gammaays emitted from bulk specimens at a backward angle. In spite of low yield of gaysnat
a backward angle, this type of PGNAA setup geometry is highly desirable for developing a portable-Bes¢aA
chlorine detector. The setup has btsted by detecting chlorine concentration in chleddetaminated blast furnace slag
(BFS), fly ash (FA) and superpozz (SPZ) cement concrete specimens. In spite of strong interference between the chlorine
prompt gammaays and those from other constittgeim concrete, the chlorine concentration was successfully determined
utilizing 6116 and 3935 keV chlorine prorgamma rays. A linear correlation{R0.94) between the gamrnay
experimental yield and chloride concentration in the BFS, FA and SPZ ceameméte specimens was obtained. The
results of this study will be discussed in detail the full length paper.

MON-NBAEO2-P1 #37- Poster Monday 5:30 PM Rio Grande

Water Salinity Analysis using a Portable Neutron Generator Based PGNAA Setup

Akhtar A. Naqvtt, Faris A. AtMatoud, M. A. Gondat, A. A. IssaBl
Wphysics, King Fahd University of Petroleum and Minerals, Dhahran, Dhahran Eastern Province 31261, Saudi Arabia
@Chemistry, King Fahd University of Petroleum and Minerals, Dhahran, Dhahgssteh Province 31261, Saudi Arabia

Performance of a portable neutron generator based PGNAA setup has been evaluated for prompt gamma analysis
of water salinity using a large cylindrical 125 mm x 125 mm (diameter x height) BGO detector. The yield 65706
6.11 and 6.67 MeV chlorine prompt gamma rays was measured from water samples contaminated with 1.0 to 4.0 wt. %
chlorine to determine the samples water salinity. The excellent agreement between the measured and calculated yield of
chlorine gammaays from water samples as a function of chlorine concentration in water indicates satisfactory
performance of the MP320 portable neutron generator in PGNAA studies.

MON-NBAEOQ2-P2 #99- Poster Monday 5:30 PM Rio Grande

Quantitative comparison betweerPGNAA measurements and MCNP calculations in view of the
characterization of radioactive wastes in Germany and France

Eric Mauerhofel, Andreas HavenithCedric Carasco Emmanuel PaydnJohn Kettlel, Thomas Kring
JeanLuc Md, Bertrand Perd
Dinstitut fiir Energie und Klimaforschung Nukleare Entsorgung und Reaktorsicherheit, Forschungszentrum Jiilich, \d6Hedm
Stral3e, Jilich 52428, Germany
@DEN, Nuclear Measurement Laboratory, CEA, Cadarache, Saint Paul Lez Durance 13108, France

The Forschungszentrum Julich (FZJ, Germany) and the Commissariat a I'Energie Atomique et aux Energies
Alternatives (CEA Cadarache, France) are involved in a cooperation aiming at characterizing toxic and reactive elements in
radioactive waste packages bgans of Prompt Gamma Neutron Activation Analysis (PGNAA) [1]. The French and
German waste management agencies have indeed defined acceptability limits concerning these elements in view of their
respective geological repositories. A first measurement cgmpeds performed in the new MEDINA PGNAA graphite
cell, at FZJ, to assess the capture gamagasignatures of some elements of interest.
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The paper will present MCNP calculations of the MEDINA system and quantitative comparison between
measurement and sitation. Passive gammay spectra performed with the high purity germanium detector and
calibration sources are used to qualify its detailed numerical model. Experimental PGNAA spectra taken in MEDINA with
a chlorine sample will then allow qualifying t@bal numerical model of the measurement cell. Chlorine indeed
constitutes a usual reference due to its reliable capture gaaynpaoduction data. The goal is to qualify the whole
simulation protocol (geometrical model, nuclear data, andgrosessindools) in view to design, optimize and predict the
performances of future measurement cells.

[1] J-L. Ma, C. Carasco, B. Perot, E. Mauerhofer, J. Kettler, A. Havenith, Prompt Gamma Neutron Activation
Analysis of toxic elements in radioactive waste paekatRRMAS8, 8th Topical Meeting on Industrial Radiation and
Radioisotopes Measurement Applications, Kansas City, USA, Jundéu®1, 2011doi:10.1016/j.apradis0.2012.02.011,
to be published in Applied Radiation and Isotopes.

MON-NBAEOQO2-P3 #120- Poder - Monday 5:30 PM Rio Grande

Faster Identification of Explosives Using a Lanthanum Bromide Gammdray Detector &
D-D Neutron Generator

C Jayson Whartgredward H Seabury, Augustine J Caffrey
Idaho National Laboratory, 1765 N. Yellowstone Hwy, IdBabs ID 83415, United States

Gamma ray detection instruments are a critical component in the identification of explosives, special nuclear
material, chemical weapons and other materials of interest in thprolifieration arena.A new type of detectbaBrs(Ce),
has been developed that has a 38.4% higher density and 65.8% higher light yield than the accepted standard scintillation
material for routine gammiay spectroscopy, Nal(Tl).This is particularly valuable in PGNAA explosives measurements
where déection relies on the identification of a 10.8 MeV gamma ray from thermal neutron capture on nitrogen.If
LaBr;(Ce) detectors are to be considered a viable option in an explosive detection application, their response-o the high
energy nitrogen gamma raysust be determined.

Idaho National Laboratory conducted a set of experiments to determine whether identification times for explosives
can be significantly reduced by the use of a L&Be) detector. PGNAA spectra were taken on different explosive
simulans using different neutron sourcé¥Cf and a Thermdtlectron P385 deuterititieuterium neutron generator, and
three different detector types, LaBZe), Nal(Tl), and HPGe to determine how identification times varied for each
experimental setup.

Results swill be presented comparing the explosives minimum detection times required for all three detector

types.

MON-NPO0Z1-1 #463- Invited Talk- Monday 1:00 PM Trinity Central
Recent activities of RIKEN RIBF (Rl Beam Factory)

Hideyuki Sakai
RIKEN Nishha Center, RIKEN, -4, Hirosawa, Wako Saitama 38198, Japan

The RIKEN RIBF (RI Beam Factory) is an accelerator complex providing anaidge of light to heavyion
beams with several tens to 350 MeV/u in energys equipped with the projectiitagment separator BigRIP3ero
degree spectrometer(ZD) for analysis of reaction products;reggiutionspectrometer SHARAQ, and large solid angle
superconducting spectrome®AMURAIL. Those instruments are used to study various properties of farcfeam the
stability.

To realize electron scattering off shdivted unstable nuclei, the SCR[Belf Confining RI Target) facility is
constructed and being commissionkds installed at an electron storage ring for Synchrotron radiatiapled with a
recetrack microtron accelerat@50MeV) and ISOL in RIBF.

In this talk, | will present some highlights of recent resaitd introduce new ingtments, SAMURAI, SCRIT
etc.
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MON-NPO01-2 #169- Invited Talk- Monday 1:00 PM Trinity Central

High Current H,"Cyclotrons for Neutrino Physics:t he | soDAR and DAEUGALUS P

Jose R Alonsgfor the DAEJALUS Collaboration
Physics Department, Massachusetts Institute of Technology, 77 Massachusetts AvBAudeC26nbridge MA 02139, United States

A new concept for compact neutrino sourceseisity developed with INFNLNS Catania (Calabretta), using high
current cyclotrons acceleratingHons to 800 MeV/amu. Designs provide currents a factor of 5 to 10 higher than existing
cyclotrons: H' offers spaceharge advantages over protons (and idies/two protons for every charge), and stripping
provides efficient extraction without need for clean turn separation.

800 MeV protons with peak power of 6 MW produce pions in aZotarget;” ” are captured in higl blankets
w h i T umdergo neutringproducing decays. The resulting neutrino spectrum has negligible intrinsic electron
antineutrinos. The DAEUALUS experiment compl emetant s pl an
scale) detectors with high hydrogen content (water Cherenkov or liquid scintillator) by detecting, via inverse betaedecay, th
appearance of electron antineutrinos oscillating from muon antineutrinos emerging from the target. While each experiment
provides a good measurement of CP violation, running both experiments in the same detector (cancelling systematic errors)
provides a great increase in measurement sensitivity as the strengths of each technique complement the weaknesses of the
other.

The man cyclotron, a superconducting ring cyclotron similar in size to the SRC at RIKEN, is injected by a 60
MeV/amu cyclotron. This injector can be used in staluthe mode for producing large fluxes of electron antineutrinos
from ®Li decay produced from pPBe reactions, enhanced by surrounding the beryllium target with a litAibianket to
use the copious neutrons produced in the primary reaction. IsoDAR (Isotope Decay at Rest) will use this configuration,
with the target placed a few meters from a kilesoale detector for a higéensitivity sterileneutrino search.

This staged approach, with compelling physics programs for both energy ranges, allows for progressive
development of the new cyclotron technology in a phased manner with realistic goals stepac

MON-NPO01-3 #237- Invited Talk- Monday 1:00 PM Trinity Central
An Update on Notre Dame's New Accelerator Facility

Edward StechManoel Couder, Joachim Goerres, Daniel Robertson, Michael Wiescher
Department of Physics, University of kmDame, 225 Nieuwland Science Hall, Notre Dame Indiana 46556, United States

During early 2012, a new 5MV single ended pelletron was installed in the newly expanded Nuclear Science
Laboratory at the University of Notre Dame. With its ECR source, thchima provides the beams to the St. George
recoil mass separator which was installed in early 2011. The vertical accelerator replaced the aging KN accelerator and
required the construction of a new tower within the existing laboratory. Together, tieis sygierfectly suited for the
measurements of alpha radiative capture reactions in inverse kinematics. In addition, the 5U can also deliver proton and
alpha beams to other beamlines. A summary of the design goals and objectives as well as theltatest tes
presented.

MON-NPO01-4 #467- Invited Talk- Monday 1:00 PM Trinity Central
TRIUMF Rare Isotope Beam Program: Developments and the ARIEL Project

Yuri Bylinski
Accelerator Division, TRIUMF, 4004 Wesbrook Mall, Vancouver British ColuBBE2A3, Canada

TRIUMF is Canada's national laboratory for Nuclear and Particle Physics. In this talk | will review recent
highlights and neaterm developments of ISAC, TRIUMF's Rare Isotope Beam (RIB) facility. TRIUMF has recently
embarked on the conattion of ARIEL, the Advanced Rare IsotopE Laboratory, with the goal to ultimately triple the
current RIB capability. | will present an overview of the ARIEL project and status of design and construction activities.
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MON-NPO1-P1 #122- Poster- Monday 530 PM- Rio Grande

Establishment of an Accelerator Based Research, Education and Services Facility at the
Fayetteville State University

Daryush ILA Robert Lee Zimmerman
Department of Chemistry and Physics, Fayetteville State University, 1200 MurEtds&ayetteville NC 28384297, United States

Fayetteville State University (FSU) a constituent of University of North Carolina (UNC) have initiated the
establishment of a Research and Development Center of Excellence (RDCE), centered around a 3iiattateiator,
lon Beam Assisted Deposition, a large number of other major instrumentation, in addition to sensors and thermoelectric
device prototyping capabilities while building relationship with local government and industries for joint researcand te
transfer. This research and development center of excellence is being established to function as one of the unique materials
and devices prototyping capabilities in the region with ability to financially self sustain. The first thredinesaaf the
accelerator facility will be dedicated to Rutherford Backscattering Spectrometry (RBShptentation and NRA, while
the plans are underway to secure high precision hydrogen profilingloegras well as a beam writing capabilities. The
dedicated builohg for RDCE is designed to host a 100 attendee in an amphitheater structure and four small parallel session
meeting rooms, a Board room, and a dozen offices and a large number of interconnect labs. Presently the initial joint efforts
with local governmenand industries include3 hermoelectric Device and Sensor Prototyping, materials for extreme
environment prototyping, as well as capabilities complementing the Forensic;Rfimoe, and Electron Microscopic
capabilities of the FSU.

MON-NPOQO1-P2 #424- Poster- Monday 5:30 PM Rio Grande
Irradiation studies of ferrofluidic feedthroughs for FRIB under fast neutrons, gamma and protons

Sandrina_FernandesNickolas Simos Wolfgang Mittig™®, Frederique PellemoifeMikhail Avilov?,
Leonard Mausnér J o s @opniof, Re@® &onningenMike Schein
DFacility for Rare Isotope Beams FRIB, Michigan State University, 1 Cyclotron, East Lansing MF4BBP4United States
@Brookhaven National Laboratory, Upton NY 11973, United States
®National Suprconducting Cyclotron Laboratory NSCL, Michigan State University, 1 Cyclotron, East Lansing M+ ¥BBP4
United States

Ferrofluid sealed rotary feedthroughs have been chosen for Facility for Rare Isotope Beams (FRIB) production
target and beam dumgstems. To study the limits of using these ferrofluid feedthroughs in the high radiation environment
of FRIB, three units were irradiated at Brookhaven Linac Isotope Producer (BLIP). The test beam consisted primarily of
mixed fast neutrons, protons, gamrags and electrons with an average absorbed dose of 0.2, 2 and 20 MGy. These
radiation types, intensity and energy are close to the ones expected under FRIB conditions in the target and beam dump
systems area. Most of the irradiation studies found initéa@ture for typical ferrofluid feedthrough materials components
are for one or two types of radiation and limited to thermal neutrons. During thgrpd&tion analysis, we measured the
seal vacuum tightness and friction torque under static and dgmatational conditions. It was found that the seal vacuum
tightness was kept for all doses and that the friction torque of the ferrofluid feedthroughs irradiated with a radiadion dose
0.2 MGy and 2 MGy increases slightly in comparison to ainadiated ferrofluid feedthrough of the same modelfor FRIB
typical operation rotational speed of 3éB000 RPM. However both ferrofluid feedthroughs remained in the operational
domain, whereas the one irradiated with 20 MGy was irreparably damaged. The seul tightness was kept for all
doses. These results will be used in the design of the FRIB production target and the primary beam dump to determine the
radiation shielding requirements.
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MON-NP021 #403- Contributed Talk Monday 3:30 PM Trinity Central

Nuclear structure near the N=50 shell closure

Meredith Howard, J. CizewskKi B. Manning, E. Merind, P. D. O'Malley, D. Baziff, Z. Chajecki, D. Coupland?
T. K. GhosH, R. Hodge$®, J. Leé® W. Lynct? A. Sanetullag?”, M. B. Tsand?, J. Winkelbauér’, M. Young$?
R. R.C. Clemen D. W. Bardayaf, K. Y. Chaé, D. Shapir§ S. H. Ahrd, K. Schmitf, M. A. Famian8
®pepartment of Physics and Astronomy, Rutgers University, Piscataway NJ 08854, United States
@National Suprconducting Cyclotron Laboratory, Michigan State University, East Lansing Ml 48824, United States
®Dpepartment of Physics and Astronomy, Michigan State University, East Lansing Ml 48824, United States

“Variable Energy Cyclotron Centre, 1/AF, Bidhannagalkata 700064, India
®)Los Alamos National Laboratory, Los Alamos NM 87545, United States
©®Physics Department, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States
(Department of Physics and Astronomy, University of Tennessee, Knoav#€831, United States
®Dpepartment of Physics, Western Michigan University, Kalamazoo MI, United States

While nuclear astrophysicists eagerly await availability of new beams of increased neutron richness, nuclear
structure data in hand near the N=s@ll closure closer to the valley of stability offer immediate tests of the nuclear theory
used as input toprocess models. Nuclear experiments will never be able to measure all of the thousands of quantities
astrophysics need. As the majority of naclguantities fed to astrophysics models come from theory rather than
measurement, the immediate goal is to both constrain and verify theoretical calculaticfiSe{inej*Se and
8Kr(p,d)®Kr reactions at 45 MeV/u in inverse kinematics were measurte &tational Superconducting Cyclotron
Laboratory, using the charged particle detector HIRA and the S800 spectrometer.

This experiment is the first to use the full complement of 20 HiRA telescopes. The primary goal is to extract
angular momentum quanturnmbers and neutron spectroscopic factors for the ground and first excited stées of
Details of the experiment and preliminary analysis results will be discussed. (This work is supported in part by the U.S.
National Science Foundation and DepartmdiiEreergy.)

MON-NP022 #397- Invited Talk- Monday 3:30 PM Trinity Central
Probing Neutron Capture Off Stabilty

Aaron Coutur& Matthew DevliR, Toshihiko Kawanb Hye Young Le& John M. O'Donnéel| Patrick Talob
WT-2, Los Alamos Nationalaboratory, PO Box 1663, Los Alamos NM 87545, United States
@LANSCENS, Los Alamos National Laboratory, PO Box 1663, Los Alamos NM 87545, United States

For over fifty years, we have known that the heavy elements were created through neutron indtioes ireac
stellar environments. Abundances of the elements indicated that there were at least two classes of environments. The first
environment takes place on or near the valley of stability. Because of the long time scales for the nucleosynthesis, it is
referred to as the "slow" neutron capture processpoocess. In contrast, the second process needs to take place on very
neutronrich, unstable nuclei in order to explain the observed abundances. This process on nuclei far from stability is
refereed tas the "rapid" neutron capture processpracess, as it is predicted to take place very quickly.

At present, our understanding of the heavy elements is dominated by what we understangafdbgss For the
r-process, almost all of the isotopesriérest are unstable. Our experimental knowledge of the nuclear physics is typically
limited to nuclear masses on a subset of the isotopes of interest. Several thousand nuclei are expected to participate in the
nucleosynthesis, making for vast reactigiworks. The reaction rates are almost entirely determined from nuclear theory,
but we have not yet been able to test the accuracy of the underlying nuclear theory on nuclei so far from stability

The ATLAS facility at Argonne has just installed the CAB®) ion source to produce high intensity beams of
select unstable isotopesve can start to make indirect measurements today on some unstable isotopes. | will discuss a
new LANL LDRD-led effort to couple a gamma detection array Apollo to the Helical Spattrometer (HELIOS) in
order to extract information about the gamoaacades following neutron transfer with radioactive ion beams. These
measurements will provide constraints on the underlying nuclear theory used to predict neutron captureh@ates for t
process.
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MON-NP023 #387- Invited Talk- Monday 3:30 PM Trinity Central

Coupling Gammasphere and ORRUBA

A. RatkiewicZ, S. D. Paify J. A. CizewsKi, D. W. Bardayaf) J. C. Blackmot K. A. Chipp$, S. Hardy®,
M. E. Howard, K. L. Jone§ R. L. Kozub, C. J. Listet, B. Mannind, M. Matos, W. A. Petery D. Seweryniak
Yy
C. Shand®
epartment of Physics and Astronomy, Rutgers University, New Brunswic , United States
Wp f Physi dA R University, New B ick NJ 08903, United S
@Pphysics Division, Oak Ridge National Laboratory, GRilge TN 37831, United States
epartment of Physics and Astronomy, Louisiana State University, Baton Rouge , United States
®p f Physi dA Louisiana State University, Baton R LA 70803, United S
(4)Department of Physics, Colorado School of Mines, Golden CO 80401, United States
®)Department of Physics, University Surrey, Guildford Surrey GU2 7XH, United Kingdom
epartment o sics and Astronomy, University of Tennessee, Knoxville , United States
©®pep f Physi dA y, University of T Knoxville TN 37996, United S
(Physics Department, Tennessee Technological University, Cookeville TN 38505, United States
®physics Ovision, Argonne National Laboratory, Argonne IL 60439, United States
®0ak Ridge Associated Universities, Oak Ridge TN 37830, United States

The coincident detection of gamma rays and particles facilitatesr&ggiution studies of singearticle stags in
exotic nuclei. While the energy resolution obtainable from measuring charged particles alone is strongly constrained by
target thickness effects, the energy resolution of gamma rays emiftigghins relatively unaffected by typical target
thicknesses, allowing thicker targets to be employed with relatively weak beam intensities. Additionallyettuitaton
gamma rays emitted from excited states populated by a nuclear reaction carry important structure information, information
which is lost ina particleonly measurement.

The ideal detector system for such studies combines aefffigiency, highresolution gammaay detector and a
particle detector with good angular resolution, high energy resolution, and covering a large solid anglee8athra
system can be used to study many interesting physics cases, e.g. (via neutron transfer reactions) the fragmentation of single
particle strength and the onset of deformation away from shell closures, and the determination of excited stateignergies
smaller systematic uncertainties than is possible in a paotitjemeasurement. Applications of this detector system
include the study of surrogate reactions for neutron capture, collective excitations via inelastic scattering, of pickup
reactions €.g. (d,t)), and stripping reactions, such as (d,p).

The high gammaay detection efficiency and high energy resolution of Gammasphere make it an excellent
gammaray detector, while its large internal geometry allows it to be coupled to the Oak RidgeRBéarrel Array
(ORRUBA) particle detector without compromising the large solid angle coverage and high angular resolution of this
device. We report on the progress of a project to couple these two arrays in order to make measurements with beams from
CARIBU at ATLAS.

This work is supported in part by the US Department of Energy Office of Nuclear Physics, the National Science
Foundation, and the National Nuclear Security Administration.

MON-NP024 #341- Invited Talk- Monday 3:30 PM Trinity Central

Nuclear reaction rates for the study of Xray bursts

Wanpeng TanSergio AlmaraXCalderon, Ani Aprahamian, Michael Wiescher
Department of Physics, University of Notre Dame, 225 Nieuwland Science Hall, Notre Dame IN 46556, United States

Neutron stag in close binary star systems often accrete matter from their companion star. Thermonuclear ignition
of the accreted material on the surface of the neutron star leads to a thermonuclear explosion which is obserwag as an X
burst occurring periodicallyn this talk, | will discuss recent experimental progress on the underlying nuclear reactions that
power the Xray bursts, in particular, the efforts at Notre Dame. Recent measurements eim@lgea nuclear reactions
in the hot CNO cycles and on theitirgg points of the rgprocess will be presented. Experimental results and their
astrophysical implications will be discussed.
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MON-NP025 #317- Invited Talk- Monday 3:30 PM Trinity Central

Recent results on intermediateenergy nucleon knockout reations

Kathrin Wimmer
NSCL, Michigan State University, 640 S. Shaw Lane, East Lansing MI 48824, United States

The explanation of the magic numbers for nuclei in the valley of stability was one of the milestones in the
understanding of nuclear structukéowever, in recent years, several theoretical and experimental investigations found
evidence that these magic numbers change when going away from stability towards more exotic nuclei. Nucleon knockout
reactions using fast rare isotope beams are a widbdsiool to study singkparticle properties of exotic nuclei and the
evolution of nuclear shell structure towards the dirips. Recently, a series of experiments has been performed at the
National Superconducting Cyclotron Laboratory at Michigan Staigersity in order to study reaction mechanism in
nucleon knockout reactions. Such experiments are key for validation of the theoretical description of the reaction
mechanism and use for quantitative spectroscopy of very exotic nuclei. In this taldes#éht recent results from
experiments at the interplay of nuclear structure and reactions performed at the NSCL.

MON-NST0X1 #196- Invited Talk- Monday 1:00 PM Post Oak

ION BEAM -INDUCED BIOFUNCTIONAL SURFACES

Giovanni Marletth Gabriela Ciagptti®
W aboratory for Molecular Surfaces and Nanotechnology (LAMSUD8pt. of Chemical Sciences , University of Catania and CSGI ,
Viale A.Doria 6, Catania-B5125, Italy
@|_aboratory of Orthopedic Physiopathology and Regenerative Medicine, Istittapedlico Rizzoli, Via di Barbiano 1/10, Bologna
50001, Italy

Surface modifications by ion beams have been shown to be an election tool to increase the biocompatibility of
many materials, enhancing cell adhesion, proliferation and differentiation, bubhdiging peculiar aggregation modes of
biomolecules relevant to the structuring of biological tissues. This lecture is aimed to discuss the basic factorsedriving th
cell response to ion irradiated surfaces. Relevant case studies will be discussaitsirfa@ising the role of the
modification of the chemical structure, nammrphology, surface feeenergy, density of spins, etim view of the changes
observed in the behavior of cells seeded onto ion beam modified polymeric surfaces.

A particular atention will be devoted to the discussion and analysis of the processes of irradiated surfaces in
modifying the protein and gene expression of interacting cells. Thus, for instance, the behavior of mesenchimal cells (MSC)
obtained from patients undergoingutine hip replacement surgery, will be discussed in view of their response to seeding
onto untreated PCL and legnergy He+rradiated polymer films, showing that irradiatiorduced modification enhances
the adhesion and differentiation. Also, the ertdesment of osteoblast activity onto ion irradiated surfaces will be discussed
in view of the modification of integrin expression. Finally, the relative weight of chemical structure and electric domains a
the irradiated surfaces will be discussed in viewhefbehavior of pericellular matrix on irradiated surfaces.

The possible transduction mechanisms relaying the modified phgisemical features of surfaces and the cell behavior
will be discussed.

46



MON-NST012 #201- Invited Talk- Monday 1:00 PM Post Oak

lon Implanted, Radical-rich Surfaces for the Rapid Covalent Immobilization of Active Biomolecules

Stacey L. Hirsh Marcela MM Bilek, Daniel V Bax, Alexey Kondyurifl, Elena KosobrodovaKostadinos Tsoutas
Clara TH Tran, Anna WaterhouggYoungbai Yir, Neil J Nosworthy, David R McKenzi& Christobal G dos
Remedio§ Martin KC Ng, Anthony S Weiss
BApplied and Plasma Physics, University of Sydney, Rm 227, School of Physics A28 , Sydney NSW 2006, Australia
@school of Molecular Biosences, University of Sydney, G08, Sydney NSW 2006, Australia
®school of Medical Sciences, University of Sydney, F13, Sydney NSW 2006, Australia
“Heart Research Institute, Sydney NSW 2042, Australia

Recent work has revealed that radicals embeddedrbon rich organic surface layers by energetic ion
bombardment can covalently immobilize bioactive proteins*. The ability to strongly attach proteins to surfaces whilst
retaining their biological activity underpins a host of biotechnologies, such anbars for medical and environmental
applications and protein or antibody diagnostic arrays for early disease detection. This new approach delivers the strength
and stability of covalent coupling without the need for ticomsuming, wet chemical processese immobilization occurs
in a single step directly from solution and the hydrophilic nature of the surface ensures that the bioactive 3D shapes of the
protein molecules are not disturbed.

This presentation will describe how energetic ion treatment&am protein immobilization capability can be
applied to any underlying material, which also makes it possible to achieve covalent protein immobilization whilst
maintaining the physical properties (including mechanical and electrical) of an underlyargamaA kinetic theory model
is presented and compared to experimental results to describe the covalent protein immobilizatiomiaithesswbility
of freeradicals in a reservoir generated by the ion implantation process. We show that covédémtrpmoobilization
using this method obtains high covalent coverage within 1 minute of incubation. This rapid covalent attachment process,
which is nonspecific with respect to amino acid sideains, can also be used to control the composition of Swrlaed
protein layer from a mixture. Preliminary applications of this technology to direct cell growth, to create biosensors and
protein microarrays, and to engineer the surfaces of implantable biodevices will be reviewed.

* Proc. Nat. Acad. Sci 1085) pp.1440514410 (2011)

MON-NSTO021-3 #171- Invited Talk- Monday 1:00 PM Post Oak

Plasma Treatment on 3D Cell Culture Environment

Emel Sokullu UrkacUmut Atakan Gurkan, Utkan Demirci
Health Science & Technology HST, Harvard Medical Schtl.T. ,65 Landsdowne St. Cambridge, Boston MA 02139, United States

One of the major challenges of tissue engineering is to design a matrix that is capable of mimicking the natural
properties of extracellular environment while providing a temporary scaffolisfare regeneration. The current focus in
tissue engineering has intended towards the design of deliberately 'bioactive’ materials that integrate with biological
molecules or cells and regenerate tissues in 3D environment. Literature reports suppottkize €hanges in scaffold
surface chemistry and topography alter cellular activity.

Surface modification of biomaterials with Plasma Treatment is highly popular technique in literature. By plasma
treatment we can introduce different chemical grougbd@olymer surfaces and thus make surfaces either hydrophilic or
hydrophobic; we can also change surface crystallinity, surface energy, roughness and morphology. All these factors thus
even play important or synergistic role in surface interactions. Hemia\iterature plasma treatment effects on 3D
surfaces is still not evaluated although it is very important in order to mimicking extracellular environment espeaglly tiss
regeneration studies involving -caolture experiments.

Here in this work we evaated plasma treatment effects on 3D Methyacrylated hydrogels (GELMA) which are
encapsulating 3T3 and HUVEC cells. Resulting materials are promoting cell attachments in 3D applications and also
providing appropriate environments for-colture studies.
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MON-NSTO0L4 #141- Invited Talk- Monday 1:00 PM Post Oak

Precise mold fabrication using proton beam writing for Cell and DNA manipulation

Jeroen Anton van Kan
Physics, CIBA2 Science Dr 3, Singapore 1175&Ingapore

Proton beam writing (PBW) ia new direct write 3D nano lithographic technique which has been developed at the
Centre for lon Beam CIBA, in the Physics Department of the National University of Singapore. PBW employs a focused
MeV proton beam which is scanned in a predetermined pattema resist, which is subsequently chemically developed.
PBW exhibits low proximity effects coupled with the straight trajectory and high penetration of the proton beam enables
the production of high aspect ratio, high density 3D micro and nano sascaliowing surface structuring down to the sub
100 nm level. In this review we present the versatility of the proton beam fabricated master molds for applications in tissue
engineering and nanofluidics study of single DNA molecules.

In tissue engineerincells are grown on PMMA substrates that have been produced via PBW. Aligned and
elongated cells are observed on well defined ridges and grooves. The underlying mechanism responsible of this cellular
behaviour is assumed to be induced by the mechanstact®ns imposed by the topographic features on cellular
migration, cell adhesion and concomitant changes in the cytoskeleton. The use of topographical stimuli to regulate cell
function is an area of high potential in tissue engineering.

Master molds ofained via PBW are used to produce PDMS nanofluidielabhip devices through nano imprint
lithography. The master molds can be used many times to replicate nanofluidic devices capable of detecting single DNA
molecules. This method reduces fabricatiod packaging complexity, allowing end users to fabricate lab on a chip devices
through simple PDMS casting. The extensions of YOY¥ &tained T4 bacteriophage and lamptiage DNA inside these
PDMS nanechannels have been experimentally investigated udiogefscence microscopy.

The authors acknowledge the support frorstar (R144-000-261-305), MOE Singapore (44-000-265-112)
and the US Air Force.

MON-NSTO0LP2 #177- Poster Monday 5:30 PM Rio Grande

lon Implantation on Electrospun Fabricated Pdy (L -lactide/Caprolactone) (PLC) Nanofibers for Cell
Proliferation in Tissue Scaffolds

Secil Kurtalah, Mustafa Ahmet OztarhdnEmel Sokullu Urkat; Taner Dagdi
WBiotechnology, Ege University, Surface Modification Laboratory, Ege University Calpusva, |zmir 35100, Turkey
@Bioengineering, Ege University, Bioengineering Department, Ege University Campus, Bornova, Izmir 35100, Turkey
®Bioengineering, Ege University, Surface Modification Laboratory, Ege University Campus, Bornova, |zmjri35keg
®Medical Faculty, Ege University, Medical Faculty, Ege University Campus, Bornova, |zmir 35100, Turkey

The use of polymeric materials produced by the electrospinning technique has gained considerable interest for
tissue engineering applicationt was found by many researchers that the interaction of cells and material's surface is the
most important factor affecting cell adhesion and proliferation. lon beam modification of material's surfaces is an
alternative technique for improving the sagé properties of polymeric materials for tissue engineering applications.

In an attempt for enhancing cell adhesion and proliferation, Pelgotide/Caprolactone) 70/30 (PLC)
nanofibrous scaffolds were fabricated by an electrospinning process aadtiedpby Au and Au+O ions. In the first part
of this work, biodegradable PLC polymer was used for the fabrication of nanofibers. PLC polymer was dissolved in
chloroform and 8%, 10% and 12% (w/v, g/mL) RIGBloroform solutions were prepared. Nanofibers vweoeluced by
electrospinning with a voltage of 20kV and flow rate of 1.5 mL/h, and deposited on a drum which was rotating with 1500
rpm and at a distance 12 cm from the spinneret tip for aligned nanofiber production. In the second part of this work, PLC
nanofibers were implanted with Au and Au+O ions with fluencies of ¥1x10°, 1x10® ion/cn? and extraction voltages
of 20kV, 30kV.

Finally, cell culture tests were performed on Au and Au+O implanted PLC electrospun samples and the results
compared withunimplanted ones. Samples were incubated with neuroblastoma cells for 1, 4 and 7 days in a culture
medium at 37C, and viewed with Scanning Electron Microscope (SEM) micrographs. Also, for identifying the elemental
composition, unimplanted and implantearfaces were analyzed with Energy DispersivaX (EDX). The wettability of
implanted and unimplanted surfaces were evaluated by contact angle tests. Surface compositions of PLC nanofibrous, Au
and Au+0O implanted and unimplanted samples were analyz¥drly photoelectron spectroscopy (XPS) for surface
chemical characterisation.
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MON-NSTO01P3 #181- Poster Monday 5:30 PM Rio Grande

Cell Attachment Study of Zr+O Hybrid lon Implanted Dental Implants by MEVVA lon Implantation

Ali Erdem Turanlt, Mustafa Ahmet OztarhdnEmel Sokullu Urka; Taner Dagdi Orhan Oztiirk
®Bjoengineering, Ege University, Surface Modification Laboratory, Ege University Campus, Bornova, Izmir 35100, Turkey
@Bioengineering, Ege University, Bioengineering Departrrigge, University Campus, Bornova, Izmir 35100, Turkey
®Medical Faculty, Ege University, Medical Faculty, Ege University Campus, Bornova, Izmir 35100, Turkey
@physics, Izmir Institute of Technology, Izmir Institute of Technology, Urla, Izmir 35430, Turkey

Titanium and Titanium alloys have been used extensively as implant material because of their remarkable
mechanical and chemical properties such as high strémgtkight ratio and high corrosion resistance and
biocompatibility. The biocompatibility cd biomaterial is highly related to the behavior of the cells in contact and in
particular the cell adhesion to its surface. The surface characteristics of a material, including its topography and physical
and chemical properties at a micro and nacale play an important role in osteoblast cell adhesion on biomaterials. lon
implantation technique was identified as a good candidate for improving the osseointegration properties of the implants in
patient's bone.

In this work, the effects of Zr+O hybrid iomplanted cp Ti (grade 4) dental implant samples on cell attachment
and cell growth were studied. It was aimed to gain bioactive and biocompatible surfaces to contribute to duration of
treatment of patients who have low quantity and low quality alveolae lor are osteoporosi€pTi (grade4) dental
implants samples with 6 mm diameter and 3 mm thick were implanted by Zr + O ions simultaneously with the extraction
voltage of 50kV and fluency of 1xi0ions/ cnf to see cell viability. Ti samples were imptad in home built MEVVA lon
Implantation System.Unimplanted and implanted surfaces were analyzed with Energy Dispersaye(KDX) to identify
the elemental composition. Surface topography of the samples was studied by AFM and also the wetialplapted
and unimplanted surfaces were evaluatgddntact angle measuremenell culture tests were performed on Zr+O
implanted and unimplanted samples. Samples are incubated with osteoblast cell2(S&CIR and 24 hours in culture
medium at 37C and visualized with Scanning Electron Microscope (SEM) and the results are presented.

MON-NSTO7*1 #432- Invited Talk- Monday 3:30 PM Post Oak
Nanofabrication with the helium ion microscope

Bipin Singh
Carl Zeiss NTS, One Corporation Way, Pedip MA 01960, United States
Invented for high resolution imaging, the helium ion microscope has emerged as a class leading FIB tool that is
capable of making structures that are not possible to make using traditional gallium FIB. While malifighanlneter
structures is challenging for other technologies, this is the core strength of the helium ion microscope. Characteristics and

features that make the helium ion microscope such a powerful nanofabrication tool will be discussed. Examples from
researclgroups that have used the helium ion microscope for nanofabrication will be presented.
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MON-NSTO72 #386- Invited Talk- Monday 3:30 PM Post Oak
Can one make devices with a helium ion microscope?

Paul F.A. Alkemade
Kavli Institute of Nanoscience dlit University of Technology, Lorentzweg 1, Delft 2628 CJ, Netherlands

The recent invention of the helium ion microscope stimulated several research groups to use the microscope's
subnanometer beam probe for higisolution nanofabrication. Four roufes have been explored so far: helium ion beam
milling, beaminduced chemical processing, lithography, and materials modificafist results were promising, e.g. in
lithography studies simple patterns were made in resist materiaghsucdmpared tdectron beam lithographyigher
sensitivity, similar resolution, and much lower proximity effects were obtained. However, coupling to other components
and integration in actual devices are not trivial and require careful design, optimization and testing.

This presentation will summarize the recent progress of device fabrication with a focused helium ion beam.
Examples of all four explored routes will be given. Emphasis is on those studies in which physical phenomena have been
observed under unique condits.

MON-NSTO73 #158- Invited Talk- Monday 3:30 PM Post Oak
Bit-Patterned Magnetic Arrays for Data Storage Applications

Dmitri_Litvinov', Long Chany Paul Ruchhoeft Sakhrat Khizroev
WElectrical & Computer Engineering, University of Hstan, N308 Engineering Building 1, Houston TX 77204, United States
@Electrical & Computer Engineering, Florida International University, 10555 W. Flagler Street, Miami FL 33174, United States

Conventional magnetic recording systems based on longitudagnetic recording are rapidly approaching their
superparamagnetic limit. A shift to perpendicular recording is taking place due to its superiority with respect to data
thermal stability. Yet, perpendicular recording will face its own superparamagjinetjavhich calls for further innovation.
Magnetic recording based on patterned media, as compared to continuous media used in today's hard drives, allows to
further extend areal bit densities due to a significant increase of the thermal activatioa.volum

In this work, we present recording physics, design considerations, and fabricatiopattdrihed magnetic
medium for next generation data storage systems. (GofRafjnetic multilayers are evaluated as candidates for bit
patterned medium recordingyler materials for their high and easily tunable magnetic anisotropy. Optimized patterned
multilayers used in this study had coercivities in excess -df4k®e. Bit patterning was accomplished usingheam
proximity printing, a higkthroughput direct wte lithography where a large array of ion beamlets shaped by a stencil mask
is used to write an arbitrary device pattern. It is found that the nature of magnetization reversal strongly deperdtgeon bit e
imperfections and is likely to contribute to swiitadp field distribution.

This presentation will detail the finding on the design considerations, fabrication, recording physics, and
characterization of bipatterned media prototypes fabricated usingkieam proximity lithography. Optimized patterned
multilayers used in this study had coercivities in excess df4kDe, suitable to for recording densities far in excess of
1Tbit/in®. It is found that the nature of magnetization reversal strongly depends on bit edge imperfections and the texturing
of the unebrlying multilayers and is likely to contribute to switching field distribution.
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MON-NSTO%4 #451- Invited Talk- Monday 3:30 PM Post Oak

IRRADIATED SURFACES AS PLATFORMS FOR SMART DEVICES

Giovanni_Marletta
Laboratory for Molecular Surfaces andaNotechnology (LAMSUN)Dept. of Chemical Sciences, University of CATANIA, Viale
A.Doria 6, Catania 95129, Italy

Particle beam treatments have been shown having a huge impact in prompting innovative device technologies in a
variety of fields, due to thpossibility of inducing controlled properties modification of materials. This includes both the
propertis depending on the local chemical structure, as well as those depending on the structure and morphology. Thus, in a
somewhat traditional way, partideeam treatments have been widely employed as one of the election tools to tailoring the
induction/change of optical, magnetic and electrical properties, adhesion and wearing behavior, chemical reactivity,
biocompatibility, molecular stitching at surface$;. All these treatments were essentially aimed to produce the active or
passive part of functional devices. In recent years, the research effort has been progressively shifted towards tre integrati
of different functions in a single micrometric platiorParticle beams have an intrinsic, tremendous potentiality in this
context, due to the inherently nanometric scale of the primary pamiderials events. In fact, tool based on highly
focused beam, as FIB apparatus and Hetieyoscope, have been déseen and integrated in frontier technological
processes to produce highly integrated devices.

The present Lecture wish to address the opportunities provided by particle beams in buiding highly integrated
devices. Examples spanning from the simple intégraf different inorganic material domains to the integration of
organicinorganic and biological functions will be discussed, in view of the parameters relevant to enable effective
integration.

MON-PSO%1 #460- PlenaryTalk - Monday 8:30 AM- Pecos & Il
Current Status of Inertial Confinement Fusion Research

Jeffrey P Quintenzon behalf of The National Inertial Confinement Fusion Team
National Nuclear Security Administration, Washington DC, United States

The Inertial Confinement Fusion (ICF)ggram has made significant progress toward creating the extreme
conditions necessary to produce fusion ignition at the National Ignition Facility (NIF). In addition, the ICF program has
developed other unique High Energy Density (HED) facilities to egpdternate paths to ignition. Facilities such as the
NIF at Lawrence Livermore National Laboratory, the Omega laser at the Laboratory for Laser Energetics, and the Z
machine at Sandia National Laboratories are capable of producing environments tiditian o laboratory fusion, are of
relevance to a wide range of topics in fundamental science. This presentation will discuss recent progress made in ICF and
the challenges remaining and will describe some other applications of these powerful anitdtieéacilities.

MON-PS021 #79- PlenaryTalk - Monday 9:15 AM- Pecos | & Il
PIXE and XRF analysis on the Mars Science Laboratory mission

John L Campbell
Physics, University of Guelph, 50 Stone Road East, Guelph Ontario N1G 2W1, Canada

MSL's pimary goal is to explore and quantitatively assess Mount Sharp in the Gale Crater on Mars as a potential
habitat for life, past or present. Among its many instruments, the Curiosity rover has a chemistry lab to study organic
detritus and a neutron spectreter to look for hydrogebearing materials in the ground. The Canadian afjrticle X
ray spectrometer is mounted on an arm, and perforrsiguirelemental analysis via PIXE and XRF, effectively combining a
positive ion accelerator and a synchrotrom soupcan sized device.

This talk will detail the calibration of APXS and the resultant understanding of the dependence of the elemental
analysis results on the mineral make of the sample. APXS will work closely with several other MSL instruments
respnsible for visual imaging, Xay diffraction and laseinduced breakdown analysis, in order to seek elemental and
mineralogical evidence for past aqueous processes that would indicate a habitable phase in the Martian history.
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MON-PS031 #284- PlenaryTalk - Monday 10:00 AM- Pecos | & 1
MaRIE, an experimental facility concept for revolutionizing materials in extreme environments

John L Sarrao
LANL, MS A121, Los Alamos NM 87545, United States

MaRIE, for MatterRadiation Interactions in ExtremesLiss Alamos National Laboratory's facility concept for
addressing decadal challenges in materials, especially in extreme environments, through a focus on predicting and
controlling materials microstructure. MaRIE will be an international user facilitysdlhdnable unprecedented-situ,
transient measurements of "real" mesoscale materials in relevant extremes, especially dynamic loading and irradiation
extremes. Concurrent advances in msittale modeling and computational resources hold great promisspfd progress
toward these goals. To achieve this vision, MaRIE will construct adnghgy, lowaverageintensity source of xay
photons (preconceptually, a 50 keV XFEL) and couple it to an existing high intensity proton linear accelerator (800 MeV
at 1 MW) through three measurement halls: the MRiltibe Diagnostic Hall (MPDH), the Fissiéiusion Materials
Facility (F), and the Making, Measuring and Modeling Materials Facility (M4). In this presentation we will discuss both
the science questionsathmotivate such a facility and our vision for realizing it, including the essential role of advanced
accelerators.

MON-REPO%1 #289- Invited Talk- Monday 1:00 PM West Fork
Deuterium retention at displacement damage in tungsten

William R Wampler
Radiation-Solid Interactions, Sandia National Laboratories, MS 1056, Albuquerque NM 87185, United States

Displacement damage from fusion neutrons in platroeng materials may increase tritium inventory in trittum
fueled fusion devices such as ITER. Espents were conducted to quantify this effect in tungsten, in which damage was
produced by irradiation with 12 MeV silicon ions. Damaged samples were exposed to high flux deuterium (D) plasma in
the PISCES linear plasma device at UCSD. Depth profilestaired D were measured by 3He nuclear reaction analysis.
The effect of damage on D retention was determined by comparing D profiles in adjacent damaged and undamaged regions.
D retention is expected to strongly depend on temperature, so experimentomeritti the tungsten at various
temperatures during exposure to the plasma. The D retention at damage decreased with increasing temperature, notably by
nearly two orders of magnitude between 300°C and 400°C. This is the temperature range where vatamgstsri
become mobile. To determine whether this reduction in D retention was due to defect annealing, a sample was annealed at
500°C after irradiation but prior to D plasma exposure at 220°C. This anneal produced only a modest decrease in D
retention.This shows that damagessociated traps are still present after annealing at 500°C, which indicates that factors
other than defect annealing influence the temperature dependence of D retention. Here we discuss the influences of
precipitation and the bindgnenergy of D to the traps on D retention. Results from experiments and modeling indicate that
D retention may be maximum near 3000°C where binding is still strong and permeation is fast enough for D retention to
reach significant depths.

Sandia Natioal Laboratories is a mulprogram laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation,
Administration under contract BEC04-94AL8500.
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MON-REPOZ%2 #216- Invited Talk- Monday 1:00 PM West Fork

Overview of the USJapan collaborative investigation on tritium behavior in radiation damaged fusion
reactor materials

Masashi ShimadaYuji Hatand, Yasuhisa OyaMasanori Hara Guoping Cad Makoto Kobayasfj
Mihail Sokolov
DFysion Safety Program, Idaho National Laboratory, 2525 N. Fremont Ave., Idaho Falls ID-83425United States
@Hydrogen Isotope Research Center, University of Toyama, Toyama, Japan
®Radiosciene Research Laboratory, Shizuoka University, Shizuoka, Japan
@Department of Engineering Physics, University of WisceMgdison, Madison WI, United States
®0ak Ridge National Laboratorie, Oak Ridge TN, United States

Tritium behavior in fusion reactanaterials plays a major role in the material choice for future fusion reactors,
because tritium retention and permeation determingsssel inventory levels and-eessel releases in reactor safety
assessments.-D fusion reactions produce 14.1 MeV neus that activate plasma facing components (PFCs) and cause
defects in the structural materials of these components. To date, the effect of radiation damage has been mainly simulated
using highenergy ion bombardment, which offers the advantage of simglaigh damage (>10 dpa) levels in a few days
that usually take several years to achieve in a fission reactor without activating materials significantly, allowing us to
handle the specimens much more easily than with neuriadiation. It, however, doa®ot encompass the full range of
effects that must be considered in a practical fusion environment due to short penetration depth, damage gradient, high
damage rate, and high PKA energy spectrum of the ion bombardment. In addition, neutrons changerite elem
composition via transmutations, and create a high radiation environment inside PFCs, which influence the behavior of
hydrogen isotopes in PFCs.

Under the framework of the Udapan TITAN program, tungsten specimens (99.99 at. % purity from A.L.M.T.

Co.) were irradiated by neutron in the High Flux Isotope Reactor (HFIR), ORNL, at 50 and 300C to 0.025, 0.3, and 1.2 dpa,
and the investigation of hydrogen isotope retention in nettradiated tungsten was performed in the INL Tritium Plasma
Experiment TPE), the unique higfiux linear plasma facility that can handle tritium, beryllium and activated materials.

This paper will give an overview of this collaborative investigation on tritium behavior in ndutadrated tungsten, and

discuss the similaiiés and differences among idlamaged tungsten and neutiodiated tungsten along with the INL

Tritium Migration Analysis Program (TMAP) modeling.

MON-REPO013 #26- Invited Talk- Monday 1:00 PM West Fork
Nanoporous Materials Response to RadiatioDamage

Engang Ff Magdalena CaroYonggiang Wang Mike Nastasj Alfredo Card
WNebraska Center for Energy Sciences Research, University of Nebizskaln, 230 Whittier Research Center, 2200 Vine Street,
Lincoln NE 68583, United States
@Materials Science in Radiation and Dynamics Extremes, Los Alamos National Laboratory (LANL), 38 Bikini Atoll Road, Los Alamos
NM 87545, United States

In a recent paper we showed using computer simulations that length and time scales determine thehaxéoall
of nanoporous materials under irradiation [1]. These scale lengths are the size of the ligament in the foam compared to the
collision cascade size and the characteristic time scale for defect annihilation relative to dose rate. The model defines a
window of radiation endurance and predicts conditions for Au nanofoams to be radiation resistance.

Support to the model was provided by 45 keV Ne+ ion irradiation of nanoporous goAdi @ room
temperature (RT) and 77 K up to a dose of 1.5 dpa asardte of 0.033 dpa/sTo help further the understanding of
defect evolution during irradiation of nanoporous materials, ion beam irradiations of nanoporous Au has been undertaken at
the lon Beam Materials Laboratory (IBML) in Los Alamos National Latmosa(LANL). In this work, we explore the
behavior of npAu under 400 keV Ne+ ions at a desge of 0.0052 dpa/s for a total of 1.5 dpa. We discuss the mechanisms
that could explain the behavior change under irradiation at two different temperaturesniéemperature (RT) and 77
K. These observations agree with the model predictions and provide further insight on the existence of a window for
radiation tolerance.
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Work supported by the Laboratory Directed Research and Development Program at Los Ké&tanal
Laboratory.

[1] E. M. Bringa, J. D. Monk, A. Caro, A. Misra, L. ZepeRaiz, M. Duchaineau, F. Abraham, M. Nastasi, S. T.
Picraux, Y. Q. Wang, and D. Farkas, "Are Nanoporous Materials Radiation Resistant?", to appear in Nano Letters July
(2012. dx.doi.org/10.1021/nl201383u

MON-REPO14 #250- Invited Talk- Monday 1:00 PM West Fork

Isotope exchange experiments in tungsten after ion induced damage

Joseph BartdnYonggiang Wang Matthew Baldwin, Russell DoernérGeorge Tynah
®center for Energy Research, University of California, San Diego, 9500 Gilman Drive #0417, La Jolla CA 92093, United States
@1o0n Beam Materials Laboratory, Los Alamos National Laboratory, P.O. Box 1663, Los Alamos NM 87545, United States

Hydrogen isotopexchange experiments in tungsten samples were conducted in the PISCES linear plasma device
to study tritium migration in plasma facing components (PFCs). Tungsten samples were first exposed to deuterium plasma
in typical magnetic fusion experiment divarmnditions to a fluence of #0ions/nf while maintaining a sample
temperature below 373 K and subsequently exposed to hydrogen plasma at varying fluéhted @eons/nf). Bulk
retention was measured by thermal desorption spectroscopy (TDShea@dHe,pfHe reaction was used to obtain
concentration profiles of deuterium. The effects of neutron damage were simulated by ion irradiation. lon induced damage
increases deuterium inventory in the near surface region, decreasing diffusion initkth&lthough displacement
damage allows more deuterium to be retained near the surface where much of the isotope exchange takes place, the
efficiency of isotope exchange in the bulk was reduced. Current work on modeling solute deuterium atom mansport i
tungsten using the simulation software TMAP will be discussed.

MON-REPO015 #453- Contributed Talk Monday 1:00 PM West Fork

Small scale mechanical testing and Microstructural investigation of triple beam irradiated ODS alloys for
Inertial Fusion Energy Application

Peter HosemaAnMichael J. Fluss Luke Hsiung, Jaime Mariah Scott Tume}; Bill Choi*, Jeff Latkowsk,
Michael Dunné S.A. Maloy, Y. Wang
®Lawrence Livermore National Laboratory, Livermore CA, United States
@Department of Nuclear Engineering, University of California, Berkeley, Berkeley CA, United States
®Los Alamos National Laboratory, Los Alamos NM, United States

Inertial fusion energy application has similar issues in terms of materials selection as fissagnetic fusion
application. No large scale fusion neutron spectrum materials irradiation facility exists today to accurately test components
and materials. For decades accelerator based ion irradiations have been conducted to study the effecttafrirapthnta
dose on candidate materials. However, usually the penetration depth is restricted due to the limited energy available,
especially using heavy ions which can push to high dose but have very limited penetration depth. In this work materials
consideed for fusion application (ODS alloys) are irradiated with single, double and triple ion beams. While single and
dual ion beam experiments have been conducted in the past, new results are shown here using the triple ion beam so as to
evaluate the synergis consequences of simultaneously implanted dpa dose, He and H. This approach thus emulates the
damage that may develop in a fusion spectrum environment. However, due to the requirements of high dose heavy ions
were used leading to shallow beam penetnatidicrostructural information (TEM) is gained on FIB processed materials
but also initial insitu mechanical tests (in the SEM) are conducted. The multi beam irradiations pose novel challenges on
the micromechanical testing methods due to the fact tstigroof the test needs to be selected very precise. The rather
new micromechanical tests shows that no significant changes in yield strength are found in the irradiated region in the ODS
alloys proving their superior radiation tolerance in this envirartn@urrently measurements on H and He implanted
regions of the materials are ongoing which do show significant microstructural changes.
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TUE-AP031 #12- Invited Talk- Tuesday 8:30 AM Elm Fork

Application of keV and MeV ion microbeams through tapered glass capillaries

Tokihiro lkeda
Atomic Physics Laboratory, RIKEN;122Hirosawa, Wako Saitama 38198, Japan

We have developed a method to produce microbeams of keV energy highly charged ions (HCIs) and MeV energy
protons/héum ions with tapered glass capillary optics for the applications of AM@nemeter sized surface
modifications and a biological tool, respectively. Slow (keV energy) HCIs have high ability to modify surfaces and cause
efficient sputtering without danging the substrate very much. Once a microbeam is available, these functions specific to
slow HClIs can be used to realize, e.g., migatterning of modifications and elemesgnsitive micrémaging. However,
microbeam of slow HCls is not yet practicallya@lable because HCI beams are sometimes so weak for using a collimator
or slit. In addition, when magnetic and/or electrostatic lenses are combined, good emittance is required. The tapered glass
capillary is one of the feasible techniques to produce ibeobream because of the following advantages. (1) The taper can
enhance the density of the output beam. (2) The size of the output beam is the same size of the outlet inner diameter. (3)
Slow HCI can be reflected from the inner wall without a close collisiue to a selérganized charge up on the wall,
keeping its initial charge state and kinetic energy. The combination of MeV ion beams and the capillary with a thin end
window at its outlet can realize thrd@mensionally pinpoint energy deposition by ehsng the outlet through an optical
microscope with a precision of a micron or better in an arbitrary position in a living cell or in any liquid objecttdlkthis
the mechanism of the beam transport through the capillary, the quality of the outppldeains, and some applications
such as guiding of slow HCI's with bent Teflon tubes, irradiation of MeV ions to human cancer cells and Escherichia coli
bacteria, and micrpatterned coating on polymer surfaces, will be presented.

| TUE-AP033 | #162- Invited Talk- Tuesday 8:30 AM Elm Fork |

Dynamical evolution of 27 keV Af* guiding through insulating glass capillaries: tapered and
conical shape

ChunLin ZHOU, Amine CASSIMI, John A TANIS? Abdenacer BENYAGOUB Clara GRYGIEL,
Stéphane GUILLOUS Henning LEBIUS, Daniel LELIEVRE, Toiammou MADt, Alain MERY/,
Isabelle MONNET, JearMarc RAMILLON?, Frédéric ROPARS Tokihiro IKEDA?, Yasunori YAMAZAKI®*
Hussein KHEMLICHE, Philippe RONCIN, Marius Johannes SIMONArnold Milenko MULLER®, Max DOEBELFP

MCIMAP CEA/CNRS/ENSICAEN, BP5133, Caen 14070, France
@Department of Physics, Western Michigan University, Kalamazoo Michigan 49008, United States
®Atomic Physics Laboratory, Riken2Hirosawa, Wako, Saitama 38198, Japan
®University of Tokyo, Meguro, Tokyo 18302, Japan
®ISMO, CNRS/Universit ParSud 11, Orsay 91405, France
® ETH Swiss Federal Institute of Technology, Ramistrasse 101, Zurich 8092, Switzerland

In the field of ionsurface interactions, slow highly chadgen (HCI) transmission through capillaries has
attracted extensive attention for both fundamental and applied aspects in the last decade [1]. The accepted transmission
scenario is ion 'guiding' by the charge up process of the capillary inner wall déchrogdCl transmission through
nanocapillary foils [2] and tapered glass capillaries [3]. In applications, highly charged micro beams have been achieved
with a tapered glass insulating capillary [4]. To study the dynamical features, an individual pikes/ @voids the
collective effect and the inevitable divergence of the capillary foil. We have performed an experiment at the GANIL facility
(Caen, France) with 27 keV Arions transmitted through tapered and conical glass capillaries, respectively.idho
essential difference between the two types of capillary except for the taper angle. However, different behaviors were found
for the transmission and blocking under the same beam conditions. A symmetric electrostatic potential barrier is proposed
at the tapered part as responsible for the beam blocking. Furthermore, the evolution of the transmitted beam intensity and
position for the conical capillary at a tilt angle of 1.1° was measured usingdirtvemsional position sensitive detector.
The moststriking finding is the time evolution of a double peak structure due to charge patch guiding. A scenario involving
three charge patches is proposed to interpret the charge up guiding behaviors. These findings lead to further understanding
of the guidingeffect and micro beam shaping.

This work has been supported by the European Community as an Integrating Activity' Support of Public and
Industrial Research Using lon Beam Technology (SPIRIT)' under EC contract no. 227012.
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Dynamics of electron transmission through a micresize tapered glass capillary

Samanthi Jayamini WickramarachtBuddhika Senarath Dassanayak®arshika KeerthisingfieTokihiro Ikedd,
John Tanis
®pepartment of Phsics, Western Michigan University, Kalamazoo MI 49008, United States
@atomic physics Laboratory, RIKEN;12Hirosawa, Wako Saitama 381198, Japan

The interaction and transmission of highly charged ions and electrons through insulatingntamaicresized
capillaries has been studied experimentally and theoretically in the last few years. These capillaries have several promising
applications in the areas of nafabrications and nanstructures, material modifications, tightly focused charge particle
beams and medical applicationg'sing insulating capillaries to produce a particle beam of very small dimensions is
simpler and less expensive than needing expensive and large electromagnetic devices to produce such small beams.
Recently micresized tapezd glass capillaries attracted the attention of the field because of their high focusing &bility
the present work we report the transmission of 500 and 1000 eV electrons through tapered Borosilicate glass capillaries
with inlet/outlet diametersof 720m/ 22 em and 800 em/ 100 em and a tapered |

transmission was seen for the | owest energy (500 eV) for
transmission was observed up to a 5.5°sample tileamigh respect to the incident electron beam for the capillary with an
outl et diameter of 100 em. Additionally, the time depend

selected tilt angles, and evidence of charge accumulation artthdie were observed. Transmission never reached a stable
equilibrium but sudden bursts of elastic transmission at the smallest tilt angles studied were seen for 1000 eV. The results
reveal distinctive features of electron transmission through taperedoglpiiaries compared to what has been observed
for slow HCls.

1Y. lwa et al., App. Phys. Letf2, 023509 (2008)

2T. Nebiki et al., J. Vac. Sci. Technol. 24, 1671 (2003)

TUE-AP035 #46- Invited Talk- Tuesday 8:30 AM EIm Fork

Transmission of fast electrons through PET nanocapillaries

D Keerthisingh& B S DassanayakeS WickramarachchiA Ayyad', N Stolterfoht, J A Tani$
WDepartment of Physics, Western Michigan University, 1903, W. Michigan Ave, Kalamazoo M52820&nited States
@Materialien und Energie, Helmhotzentrum Institute, E14109, Berlin, Germany

In 2002 the transmission and guiding of slow highly charged ions (HCIs) through insulating polyethylene
terephthalate (PET) nanocapillaries was reported [1], while thteefiectron transmission through PET was published in
2007 [2]. Later the transmission of electrons through single glass microcapillaries was also studied [3]. The aim of the
present work is directed towards the energy and time dependence of electnmissimmsthrough PET nanocapillaries.

The PET foil used in this study had capillaries with diameters of 100 nm and an aspect ratio 120. Measurements were made
for energies of 500 and 800 eV. Unlike the previous work [2], the present results show threa &latsmission regions
corresponding to the direct, indirect and disiectirect transitions. For the direct region with sample tilt angles near zero
degrees, the observation angle is constant for the two energies and equal to about zero. In thediafirtut

observation angle equals the tilt angle, and in the dinelatect region there are two observation angles showing
characteristics of both. The characteristic guiding angle, i.e., the angle at which the transmission falls to 1/éabf its init
value, is found to increase in the indirect region with increasing energy in contrast to the previous results [2]. Time
dependence measurements were performed by blocking the beam for ~24 hours for a particular tilt angle and the
corresponding spectrometeentroid angle. Results for both 500 and 800 eV, normalized to the current on the sample,
clearly show that transmission of electrons through PET strongly depends on the time (charge) with the transmission
eventually reaching equilibrium.

[1] N. Stoltafoht et al, Phys. Rev. Lett. 88 133201 (2002).

[2] S. Das et a] Phys. RevA 76 042716 (2007).

[3] B. S. Dassanayake et,d@hys. Rev. A 81 020701 (R) (2010).
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TIME EVOLUTION OF THE PROTON MICROBEAM TRANSMISSION THROUGH AN
INSULATING MICROCAPILLARY

G.U. L. Nagy, |. Rajta, R. J. Berecziy, Tokesi
Institute of Nuclear Research of the Hungarian Academy of Sciences (Atomki), Deb#@@h, Hungary

Charged particles, keeping thaiitial charge states, can be transmitted through an insulating capillary even if the
capillary axis is tilted with respect to the incident beam axis larger than the geometrical limit. This phenomenon is called
charged particle guiding. In the past feaays, since the discovery of the guiding effect, a number of experimental as well
as theoretical works have been published on various insulating nanocapillaries of aspect ratios around 100 using slow
highly charged ions.

In this work, as a unique featusrge used the combination of single charged projectiles and single capillaries. We
investigated the time dependent behaviour of a 1 MeV proton microbeam passing through a polytetrafluoroethylene
(Teflon) single microcapillary. A Faradayup placed behind ¢hcapillary exit has been used to measure the transmitted
beam current as a function of time at different incident currents and tilt angles. We have found significant transmissions
after the chargeip of the inner wall of the capillaryWe have also anadgd the energy distributions of the transmitted
protons at different stages of the chaupeprocess. We identified three completely different regions in the transmission as
a function of time. At first, at the beginning of the creation of the charge pattie inner wall of the capillary, the energy
spectra of the transmitted protons contained only inelastic contributions. This is due to Coulomb scattering on the inner
wall atoms. Later the elastic peak also appears and becomes more and more sidgtifalgntin the third region, after the
amount of deposited charge on the wall reached a dynamical equilibrium, stable guided transmission was obtained. The
dominant contribution in the energy distribution of the transmitted protons was the elastiztilyescpeak.

The work was supported in part by the Hungarian Scientific Research Fund OTKA No. NN 103279.

TUE-AP04-2 #260- Invited Talk- Tuesday 1:00 PMEIm Fork

Multiple capture contributions in charge exchange induced Xay spectra and their rdevance to
astrophysical applications

Sebastian OtrantpRonald E Olsoh
®IFISUR and Departamento de Fisica, Universidad Nacional del Sur, Av. Alem 1253, Bahia Blanca Buenos Aires 8000, Argentina
@physics Department, Missouri University of Scienee Fiechnology, Rolla MO 65409, United States

In recent years, there has been a renewed interest in the study of charge exchange processes within the atomic
physics community prompted to a large extent by the demands and needs of the astrophysicaty.ohtmadoituitous
discovery of the Xray emission from comets in 1996 by Lisse et al., opened the door to the study of cometary and
planetary Xray emissions which were found to strongly rely upon charge exchange processes. Soon after this discovery,
Earth-based laboratories started to study charge exchange processes for collision systems and impact energies of direct
relevance to contrast the astrophysical observations. lons of interest were those populating the sola $in@’(C*,
N*"5*amag others) and also highly charged ions of Ne, Ar andA=ethe projectile charge increases, multiple capture
events (MEC) increase in importance as well. The description of these multiple capture processes represents a challenging
but unavoidable thectieal problem for a complete understanding of the underlying physics.

In this work, we present line emission cross sections f&f' And Né®* ions colliding on Ar and Ne targets using
a 5body classical trajectory Monte Carlo (CTMC) code that utilibese active electrons. These electrons are described
from quantal momentum distributions with sequential binding energies. The range of impact energies considered is 5
eV/amu10 keV/amu which covers typical EBiffaps as well as Solar wind energid$e implemented scheme for the
multiple capture analysis is the following: for double capture to levels, (nof the projectile with gn, = +1, autoionizing
double capture is assumed. Otherwise the event is recorded as double radiative decay. Fottithnesaplece to states
(ny,np, 1) Of the projectile, autoionizing triple capture is assumed.

Our results are supported by recent extracted beam measurements made at Berlin and NIST, and by data from the
Jet Propulsion Laboratory.
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TUE-AP04-3 #150- Invited Talk- Tuesday 1:00 PMEIm Fork
Charge Exchange Xray Emission: Astrophysical Observations and Potential Diagnostics

Kelsey Morgaf llija Dragani¢? Charles Haven&rMitchell Hokir?, Dan McCammoh Patrick Sautér
Wphysics Division, @k Ridge National Laboratory, Oak Ridge TN 37831, United States
@AOT-ABS, Los Alamos National Laboratory, Los Alamos NM 87545, United States
(3)Department of Physics, University of Wisconsin, 1150 University Ave, Madison WI 53706, United States

Interes in astrophysical sources of charge exchangays has been growing steadily since the discovery@yX
emission from the comet Hyakutake with ROSAT in 1996. Since then, charge exchange has been observed between solar
wind ions and neutrals in the Halg geocorona and in the atmospheres of Mars and Jupiter. Charge exchange with
interstellar neutrals within the heliosphere is now acknowledged as contributing a considerable (although currently
unknown) fraction of the soft Xay background. A brief suryeof the heliospheric, Galactic, and extragalactic systems in
which charge exchange has been observed or is predicted to take place will be presented. Experiments measuring velocity
dependent crossection and line ratios for Lymeseries lines and Hike triplets are needed to check current theoretical
models of charge exchange emission and aid interpretation of observations. We point out a number of systems that are of
particular astrophysical interest that could be the subject of future laboratortgatiess.

TUE-AP04-4 #189- Invited Talk- Tuesday 1:00 PMEIm Fork
Charge exchange experiments in electron beam ion traps

Joel ClementsqgrPeter Beiersdorfer, Gregory V. Brown
Physics Division, Lawrence Livermore National Laboratory, 7000 Eashie, Livermore California 94550, United States

Charge exchange recombination, the transfer of one or more electrons from an atomic or molecular system to a
positive ion, is believed to be an important Hioemation mechanism in many astrophysical sefd]. The most
important collision energy range for astrophysical charge exchange reactions reaches from single electron volts (eV) to
maybe a few keV. While ion accelerators have problems to produce suemérgy ion beams, the situation is favorably
reversed in electron beam ion traps (EBITS). lons of a controllable charge state distribution can be produced and trapped
with temperatures of a few hundreds of eV up to a few keV and can mingle with room temperature (meV) atoms or
molecules in a veAow density environment. Thus measurements in an EBIT approximate well some astrophysical
settings. Using solidtate detectors andray calorimeter spectrometers developed at the NASA Goddard Space Flight
Center [2], a number of such experiments involviighly charged ions and neutral gases have been performed at the
Livermore EBIT facility and show drastic evidence of charge exchangeay spectra [5].

Work performed under the auspices of the United States Department of Energy by Lawrence LiNatioost
Laboratory under contract No. DAC52-07NA-27344.

[1] A. Bhardwaj et al. Planet. Space Sci. 55(9), 1135 (2007)

[2] F. S. Porter et al. AIP Conf. Proc. 1185, 454 (2009)

[3] P. Beiersdorfer et al. Science 300(5625), 1558 (2003)

[4] M. Frankel etal. Astrophys. J. 702(1), 171 (2009)

[5] M. A. Leutenegger et al. Phys. Rev. Lett. 105(6), 063201 (2010)
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Evidence for Radiative Double Electron Capture (RDEC) in B* on Carbon Collisions

T. Elkafrawy*, A. Simorf, A. WarczaR, J. A. Tani$

®physics Department, Western Michigan University, Kalamazoo MI 49008, United States
@NSCL, Michigan State University, East Lansing MI 48823, United States
®Institute of Physics, Jagiellonian Unigity, Krakow, Poland

Projectile xray emission in the collision of fullgtripped ions with carbon foils provides insight into dynamical
and structural problems. Radiative double electron capture (RDEC) is the time reversed process of double plostoionizat
and can be measured when two target electrons are captured into a bound state of the projectile simultaneously with the
emission of a single photon. For bare ions, this approach provides a proper way to exploreaattancorrelations in
the absnce of other electrons and also gives information to describelégtron continuum wave functions.
The first evidence for RDEC was found in 38 Me¥' @ C collisions[1] following other experimentdP,3] studies and
theoretical calculationgl,5]. Recatly, another theoretical work on RDEC was d@le The current work was conducted
using the Van de Graaff accelerator at Western Michigan University. Radiative electron capture (REC) and RDEC were
investigated in 42 MeV bare€’F+ C collisions. Emitted xays were measured at 90° to the beam line in coincidence with
doubly (@2) and singly (@1) chargechanged projectile ions. Evidence of a small contribution from RDEC to-teeK
was observed. Moreover,the F(K | i ne was o-Dbtisnegatel e chys while ro bviden€e for it was seen in
case of the  timegated x rays.

[1] A. Simon, A. Warczak, T. Elkafrawy, and J. A. Tanis, Phys. Rev. 1e4.123001 (2010).

[2] A. Warczak.et al., Nucl. Instr. Meth. Phys. Res.®8, 303 (1995).

[3] G.Bednarzet al,, Nucl. Instr. Meth. Phys. Res.Z5 573 (2003).

[4] A. I. Mikhailov et al., Phys. Rev. A9, 032703 (2004).

[5] A. Nefiodovet al., Phys. Lett. A346, 158 (2005).

[6] E. A. Chernovskayat al., Phys. Rev. /84, 062515 (2011).

TUE-APM-P1 #126- Poster Tuesday 5:30 PMRio Grande

High Resolution X-ray Emission Studies for &* on He, H, and Kr

V M Andrianarijaond, C | Guillert, S L Romand A K VassantachaltX Defay, K Morgarf, D McCammof
M Foglé€, | N Draganié, C C Haenef
Wpepartment of Physics, Pacific Union College, Angwin CA 94508, United States
@Department of Physics, University of Wisconsin, Madison WI 53706, United States
(3)Department of Physics, Auburn University, Auburn AL 36849, United States
@PhysicsDivision, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States

High-resolution Xray emission studies are being performed at the Multicharged lon Research Facility at Oak
Ridge National Laboratory using the iatom beam linkand an Xray alorimetef from the University of Wisconsin.

Fully stripped &' ions from an ECR ion source interact with a Heahd Kr gas at collision energies corresponding to
typical solar wind velocities (250 km/se2500 km/sec). The recordedr&y spectra wh ~10 eV resolution clearly show

a target and energy dependence for Lyradipha,-beta, andgamma. The observed ratio of the different peaks depends on
the initial population in n,| of the captured electron Sf&hd the subsequent cascading proc@se theoretical n,|

distribution of charge transfer is difficult to calcufage low energies with little total or staselective crossection data for
comparison.

1. C. C. Havener et al., NIMB 261 (2007) 1232

2. D. McCammon et al., J Low Terfhys, 151, 715 (2008)

3. Y.Wuetal.,, PRA 84, 022711 (2011)

Research supported by the NASA Solar & Heliospheric Physics Program NNHO7ZDAOOLN, NASA Astrophysics
NNX09AF09G, the U.S Department of Energy Office of Fusion Energy Sciences and the OB&si@Energy Sciences
under contract DEAC05-000R22725 with UBattelle, LLC. VA et al. is supported by the National Science Foundation
through Grant No. PHYL06887.
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Dielectronic recombination studies based on EBITs

Jun Xiao, Ke Yao, Wei Zhang, Roger Hutt¥aming Zou
Modern Physics Institute, Fudan University, 220 Han Dan Road, Shanghai 200433, China

Dielectronic recombination (DR) process plays an important role in high tempeguktsineaswhere DR can
affect charge balance and level populations significantly. At the same time DR of heavy elements can cause radiative
energy loss in plasmas. On the other hand, DR satellite lines are used for plasma temperature and density diagnostic
purpose, while wumesolvable satellite disturbs the determination of line shape, line intensity, and line position. Data of DR
resonant strength is vital for accurate modeling of high temperature plasmas. DR Studies are also important for testing
atomic stucture and atomic collision theories, since it carries information on quantum electrodynamics, relativistic effects,
electron correlations and so on. DR is a resonant process, in which a free electron is captured by an ion, at the same time a
bound elecwn in the ion is promoted, forming a multiply excited intermediate state abowéaitation threshold. Then
the process is completed by stabilization through emitting one or more photons, so as to reducing the ion energy to below
its auteionization limit.

In this talk, experimental studies based on EBIT will be presented.

TUE-AP05-2 #124- Invited Talk- Tuesday 3:30 PMEIm Fork

Precision Mass Measurements with Radioactive Highly Charged lons

Anna A. Kwiatkowskt, C. Andreiod, T. Brunnet, A. Chaudhuri, U. Chowdhury* P. Delhef}, S. Ettenauér,
A.T. Gallant® A. Grossheirh G. Gwinnet, A. Lapierré, A. LennarZ T. D. Macdonald®, E. Mané, M. R. Pearsoh
R. Ringlé, B. E. Schultz, M. C. Simon, V. V. Simort®® J. Diling™*®
(TRIUMF, 4004 Wesbrook Mall, Vancouver BC V6T 2A3, Canada
@Dept. of Chemistry, Simon Fraser Univ., Burnaby BC V5A 1S6, Canada
®Dept. of Physics, Stanford Univ., Stanford CA 94305, United States
®Dept. of Physics and Astronomy, Univ. of Maba, Winnipeg MB R3T 2N2, Canada
®Dept. of Physics and Astronomy, Univ. of British Columbia, Vancouver BC V6T 172, Canada
©National Superconducting Cyclotron Laboratory, Michigan State Univ., 1 Cyclotron, East Lansing MI 48824, United States
Minstitut fur Kernphysik, Westfalisch#ilhelmsUniversitat, Muenster 248149, Germany
®Max-PlanckInstitut fur Kernphysik, Saupfercheckweg 1, Heidelberg 69117, Germany
OFakultat fur Physik und Astronomie, Rupredtatrls-Universitat, Heidelberg 61920, Germany

Measurements of the atomic mass further our understanding in many disciplines, from forensics to physics beyond
the Standard Model. The reputation of Penning trap mass spectrometry for accuracy and precision was established with
singly charged ions (¥ nonetheless, the achievable precision and resolving power can be readily extended by using
highly charged ions (HCI) as was demonstrated at SMILETRAP for stable ions. TRIUMF's lon Trap for Atomic and
Nuclear Science (TITAN) has recently demonstratedé enhancements are attainable for Ieliged (T1/2 > 50 ms)
radioactive ions. Measurements incldd@e™*, "“Rb*, ®Rb*, and®®*Rb'™". TheQ-value of 'Ge enters into the neutrino
cross section, and the use of HCI reduced reduced the resolvieg mmuired to distinguish the isobars from 3 2 tb0
20. The precision achieved in the measuremefRif", a s u p eemitér hnd garditatebto test the CVC
hypothesis, rivaled earlier measurements with SCI in a fraction of the time. The 111.19(22) keV isomeri¢Riateas
resolved from the ground state. Mass measurements of neidindRb and Bisotopes near A = 100 aid in determining the
path of ther-process in the region. An overview of the technique and some resultant mass measurements will be presented.
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TUE-AP05-3 #170- Invited Talk- Tuesday 3:30 PMEIm Fork
Reference free, highprecision measurements of transition energies in few electron argon ions

Csilla | Szabd, Pedro Amarg Mauro Guerrj Sophie SchlesskrAlex Gumberidzg®, Jose Paulo Sanths
Paul Indelicatb
WLaboratoire Kastler Brossel, ENS, CNRS, UPMC, Ursité Pierre et Marie Curie, 4 Place Jussieu, Parig5005, France
@physikalisches Institut, Heidelberg University, Heidelber§d120, Germany
@)Centro de Fisica Atomica, CFA, Departamento de Fisica, Faculdade de Ciencias e Tecnologia, FCT, Ud&sidade Lisboa,
Caparica 2829516, Portugal
@KVI, Theory Group, University of Groningen, Groningen 9747 AA, Netherlands
®ExtreMe Matter Institute EMMI and Research Division, GSI Helmholtzzentrum fur Schwerionenforschung,
Darmstadt D64291, Germany
©®F|IAS, Frankfurt Institute for Advanced Studies, Frankfurt am MaB0B38, Germany

The use of a vacuum double crystal spectrometer, coupled to an elggttotmon resonance ion source (ECRIS),
allows to measure lownergy xray transitions energiés highly-charged ions with accuracies of the order of a few parts
per million. This required an ab initio modeling of the instrument using-&raaing program that we developed/e have
used this installation to measure n=2 to n=1 transitions enéngeS8 and 4electron ions. In particular we have measured
the 1s2pP; - 1815 diagram line and the 1538, - 1 'S, forbidden M1 transition energies in heliumlike argon, the
1s2s2pP, - 1€ 2s°Sy; transitions in lithiumlike argon and the 1&2s'P; - 1§ 25" 'S, transition in berylliumlike argon.

There transitions measurements have accuracies between 2 and 4 ppm depending on the line intensity. Thanks to the
excellent agreement between the simulation and the measurements, we were also adsertotheetransition width of all
the allowed transitionsThe results are compared to recent QED and relativistic 4inady calculations

TUE-AP054 #352- Invited Talk- Tuesday 3:30 PMEIm Fork
SPARC: The Stored Particle Atomic Research Collaborabn at FAIR

Thomas Stoehlk&?”’, Heinrich Beyet, Angela Brauningdemiart, Carsten BrandduAlexandre GumberidZe
Robert Grisenti®, Siegbert Hagmann, Frank Herfurtthomas KuHi Yuri Litvinov', Renate MaertitY,
Wilfried Nortershause, Oliver Kestet, Nikos Petridi§ Wolfgang Quint, Ulrich Schramm Reinhold Schuch
Uwe Spillmanh® Serge Trotsenko, Giinter Weber
BHelmholtzzentrum fiir Schwerionenforschung , GSI, Planckstrasse 1, Darmstadt, Germany
@ExtreMe Matter mstitute EMMI and Research Division, GSI, Planckstrasse 1, Darmstadt, Germany

®G)Helmholtzinstitut Jena, GSI, Planckstrasse 1, Darmstadt, Germany
®Frankfurt Institute for Advanced Studies FIAS, Johann Wolfgang Goethe Universitat , Frankfurt, Germany
®HzDR Forschungszentrum , Dresdé@&ossendorf, Dresden, Germany
©®peptartment of Physics, Stockholm University, Stockholm University, Stockholm, Sweden
Minstitut fur Optik und Quantenelektronik, Friedri@chillerUniversitat, Jena, Germany

An overviewabout the envisioned program of the research collaboration (Stored Particle Atomic Research
Collaboration, at the future accelerator facility FAIR will be given. This program exploits the key features of this future
facility that offer a range of new amthallenging opportunities for atomic physics and related fields. In SPARC we plan to
perform experiments in two major research areas: collision dynamics in strong electromagnetic fields and fundamental
interactions between electrons and heavy nuclei ljaute uranium. In the presentation special emphasis will be given to
the newest developments where we focus on experiments at storage HESR where cooled heavy ions up to gamma factor of
5 are available for experiments.
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Spectral Shape of TwePhoton Transitions in Heavy Highly Charged lons

S. Trotsenkb? A. Kumar, D. Bana$ A. Volotk&, A. Gumberidz&’, C. Kozhuharoy H. F. Beyet, S. Fritzsche®,
S. Hagmanh S. Hes§ P. Jgodzinskf, R. ReuscHl® S. Salerh A. Simori, U. Spillmann, M. Trassinelff",
L. C. Tribed®, G. Webel? D. Winters, Th. Stohlker?'?

BAtomic Physics, GSI Helmholtzzentrum fiir Schwerionenforschung, Planckstr. 1, Darmstadt 64291y German
@HelmholtzInstitut Jena, Froebelstieg 3, Jena 07743, Germany
®Nuclear Physics Division, Bhabha Atomic Research Centre, Mumbai, India
@Intitute of Physics, Jan Kochanowski University, Kielce, Poland
®)nstitut fir Theoretische Physik, Technischaudrsitat Dresden, Dresden, Germany
©®ExtreMe Matter Institute EMMI, GSI, Planckstr. 1, Darmstadt 64291, Germany
(MFIAS Frankfurt Institute for Advanced Studies, Frankfurt am Main, Germany
®Fysiikan Laitos, Oulun Yliopisto, Oulu, Finland
Onstituteof Physics, Jagiellonian University, Krakow, Poland
(9Tata Insitute of Fundamental Research, Mumbai, India
(Dinstitute des Nanosciences de Paris, CNRS, Universite Pierre et MarieRarie6, Paris, France
2physikalisches Institut, Rupreekarls-Universitat Heidelberg, Heidelberg, Germany

In the early days of quantum mechanics Maria Gopidenter formulated a noerelativistic theory of twephoton
process for hydrogen, which was later refined for the'Ss2s 1§ 'S, two-photon decay in heliurby Breit and Teller.

Since than the study of this second order transition has been of particular interest for both theory and experimemt. The stud
of two-photon transitions (2E1) in Hée heavy ions is of particular interest due to the sensitivitysa$pectral shape to
electronelectron correlation and relativistic effects. Numerous experimental and theoretical studies have attempted to
explore this process, however due to a lack of experimental accuracy, sensitivity to relativistic effects oplioéamo

spectral distribution has not yet been achieved.

We developed a novel experimental approach for studying such transitionsefefsron highz ions. In this
approach, fewelectron ions with a selectively produced hole in thehi€ll are used fahe investigation of the transition
modes that follow the decay of the excited ions. It was found tsditel ionization is a very selective process that leads to
the production of only two excited states, namely the 1¥2sand 1s2s %5,. This can balirectly applied for studying
accurately the twgphoton decay in Héke ions. Up to now, the experimental method in conventional 2E1 experiments has
been the photephoton coincidence technique, which is required to separate the true 2E1 events fraaythackground
associatedavith single photon transitions.

In contrast, by exploiting the state selectivity oEKell ionization, the spectral distribution of the tplaoton
decay could be obtained simply by a measurement of the photon emission, lgimgiagle xray detector in coincidence
with projectile ionization. The method allowed for a backgrofred measurement of the distribution of the {maton
decay (25 -> 1'Sy) in Helike tin.

TUE-APO5P1 #118- Poster Tuesday 5:30 PMRio Grande
A very low energy electron beam ion trap for spectroscopic research in Shanghai

Jun Xiad* Zejie Fet? Yang Yand® Xuelong Jin® Di Lu*® Yang Sheh’® Leif Lilieby? Roger Huttoh®
Yaming Zod*
Wshanghai EBIT labinstitute of Mbdern Physics, Fudan University, Shanghai 200433, China
@Manne Siegbahn Laboratory, Stockholm University, Stockholm 10691, Sweden
®The Key lab of Applied lon Beam Physics, Ministry of Education, Shanghai 200433, China

We have developed a new complaet energy electron beam ion trap, $rmEBIT. Thislectron beam ion trap
(EBIT) can operate in the electron energy range @00 eV, with a currerdensity of up to 100 A/ctThe low energy
limit of this machine sets the record among the repawtalts so far. The magnetic field in the central drift tube region of
this EBIT is around 0.5 T, producég permanent magnets and soft iron. In this work, transmission of the electron beam as
well as the upper limit of the electron beam width under severalitions are measured.he performance of this EBIT
has been investigated throughay spectroscopy, extreme ulvlet (EUV) spectroscopy and visible spectroscopy of
highly charged argon ions.
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A new Electrostatic Storage Ring at KACST

Mohamed O. A. El GhazalySuliman M. AlShammatj Carsten P. Welséh
WNational Center for Mathematics and Physics (NCMP) , King Abdulaziz City for Science and Technology (KACST), King Abdullah
Road, P.O. Bx 6086, Riyadh 11442, Saudi Arabia
@Cockeroft Institute, University of Liverpool, Warrington Cheshire WA4 4AD , United Kingdom

Electrostatic Storage Rings (ESRs) are highly attractive tools for atomic and molecular physics, as well as in
biophysicsand biochemistry. The most interesting advantage of such storage devises is the no limitation to the mass of
stored ions. A new ESR for beams at energies up to 30 keVq is currently under construction at the King Abdulaziz City for
Science and TechnologiKACST). The ring, of which the optical scheme follows the preceding electrostatic storage rings,
is designed to be the core of a highly flexible experimental facility at KACST. This facility will combine many different,
yet complementary beam techniqued arperimental methods. The optical scheme of the ring thus had to accommodate
the different experimental techniques that the ring will be equipped with, such as for example-&lacieserion, ion
ion or neutralion beams. Here, we present an ovenwbdf the layout of this new ESR.

TUE-ATO03-1 #221- Invited Talk- Tuesday 8:30 AM Bur Oak

Electronic Neutron Generator Technology and New Developments

David L. Chichester
Idaho National Laboratory, 2525 N. Fremont Avenue, Idaho Falls ID 83415¢t)&itates

Historically, basic compact ENG technology development has been driven by needs in the petroleum industry.
However, over the last decade a distinct new set of instruments has been developed to meet needs for security screening and
for industrial process control. Over the next decade instruments addressing these markets will continue to mature and
specialize and, as a result of this specialization, commonality betweenigabe and aboveurface ENGs will continue to
decrease. Continued démement and advancement of associgiadicle ENGs is one example of this differentiation,
another will be growing demand for tukey instruments to serve as reliable neutron sources to replace radioisotope
sources for education, training, and newdatector development. The development of practical, pulsed;yligith ENG
systems for commercial use remains a growth area that has not yet been adequately addressed by the commercial sector.

This paper will present a review of the development of comaleglectronic neutron generator technology, an
overview of current research and development in the field, and a discussion of technology pull from the user community
that will shape future developments in ENG technology over the next five to ten years.

TUE-AT03-2 #80- Invited Talk- Tuesday 8:30 AM Bur Oak

A neutron tube equipped with two alpha detectors for portable illicit material detection systems

Philippe Le Tourneur
Sodern, 20 avenue Descartes, LIMEIL BREVANNES 94450, France

Sodern has deloped a new compact sealed Associated Particle Imaging (API) neutron tube used in portable
illicit material detection systems. The weight of the neutron tube is less than 900 grams and the entire neutron generator is
less than 4kgs total. What makes thisque is having two alpha detectors. Alpha detection is needed inside the tube to
detect alphas associated to neutrons after D + T reaction. One alpha detector is used for tagging the neutrons ieradiating th
object; the second alpha detector tags théroefunfortunately) irradiating the gamma detector, allowing for noise
reduction by deleting fast neutron events in the gamma specirhiwis useful for systems when the gamma detector must
be near the neutron source. And when it is not possible thaezsg shielding to protect this detectdiypical
specifications and results are given.
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TUE-AT03-3 #389- Invited Talk- Tuesday 8:30 AM Bur Oak

Applications and advantages of a high efficiency DD neutron generator platform

Matthew D. CoventryBrian E. Jurczyk, Robert A. Stubbers, Kim L. Kloepper
Starfire Industries, 2109 S. Oak St., Ste 100, Champaign IL 61820, United States

DD neutron generators will find wider application with the realization of higher output levels and lifetimes. Key
Staffire innovations in ion source and target technologies provide for higher neutron production efficiency with a longer life
than existing DD technology. These factors enable DD neutron generators to be applied to situations where lower neutron
energy and &se of licensing give them an advantage over DT units, but were not previously used due to output
requirements. This talk will highlight the advantages of DD neutron generators over DT units and raditaselitie
sources and discuss the generators ctiyrander development at Starfire Industries for oil/gas well evaluation, portable
applications, and neutron radiography.

TUE-AT03-4 #301- Invited Talk- Tuesday 8:30 AM Bur Oak

High Yield Neutron Generators using the DD reaction

Jaakko H Vainionpat, Jack L Harri§ Melvin A Piestrup, Charles K Garry David L Williams, Mac D Apodach
Jay T Cremér Qing Jf, Bernhard A Ludewidt Glenn Joné's
WAdelphi Technology Inc., 2003 E Bayshore Rd, Redwood city California 94063, United States
@ awrence Berkeley National Laboratory, 1 Cyclotron Rd, Berkeley California 94720, United States
®G&J Enterprise, 1258 Quary Ln, Suite F, Pleasanton California 94566, United States

A product line of high yield neutron generators has been developed ththei§B fusion reaction and operates
with an ion beam supplied by a microwave plasma generator. Yields of up to’ 2t b@ve been achieved, which are
comparable to those obtained using the more efficiehtrBaction. The microwaveriven plasma usdbe electron
cyclotron resonance effect to produce a high plasma density for high current and high Hydrogen atomic species. These
generators have an actively pumped vacuum system that allows operation at reduced pressure at the target chamber,
increasing tie overall system reliability. Since no radioactive tritium is used the generators can be easily serviced, and
components such as the target and plasma aperture, can be easily replaced to provide essentially an unlimited lifetime. Fast
neutron source sizcan be adjusted by selecting the aperture and target geometries according to customer specifications.
Pulsed and continuous operation has been demonstrated. Minimum pulse lenfthsof$ have been achiev
generators are easily serviceable, they offer a longifife neutron generator for laboratories and commercial systems
requiring continuous operation.

Several of the generators have been enclosed in radiation steldderator structures designed for customer
specifications. In this mode of operation these generators have been proven to be useful for prompt gamma neutron
activation analysis (PGNAA) and neutron activation analysis (NAA). Fast neutron radiograigchbeen demonstrated
using a newly developed camera. Thus these moderated generators make excellent fast, epithermal and thermal neutron
sources for laboratories and industrial applications that require neutrons with safe operation, small footpost,dod
small regulatory burden.
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TUE-AT03-5 #394- Invited Talk- Tuesday 8:30 AM Bur Oak

Development of a compact, portable neutron generator for active interrogation applications

Amy Sy"? Qing Ji, Arun Persaufj Bernhard Ludewidt ThomasSchenkel
®Lawrence Berkeley National Laboratory, 1 Cyclotron Rd, Berkeley CA 94720, United States
@Department of Nuclear Engineering, University of California, Berkeley, Berkeley CA 94720, United States

Compact, portable neutron generators haysiegtions in radiological source replacement and fiaddtable
interrogation systems. These generators benefit from efforts for increased power efficiency, atomic ion fraction, and
neutron yield. Additional considerations are applicaspgacific; foruse with the associated particle imaging (API)
method, narrow beam widths without the use of active focusing elements can improve the spatial resolution achievable in
such systems. Penning ion sources have long been used for neutron generation Hdvargh@r fusion reactions due
to their low power consumption, ease of operation, and compactness. Lawrence Berkeley National Laboratory is exploring
methods for increased power efficiency and atomic ion fraction for improved neutron yields in a Penriegased
neutron generator. Efforts include optimization of size, power, and pressure, choice offpl@amanaterials, and
improved plasma confinement using mutisp magnetic fields. Optimization efforts have resulted in an ion current
density peunit power of 0.3 mA/ciW, with further optimization in progress. In an API system, a beam diameter of 1
mm at the neutron production target improves the system spatial resolution by a factor of four over commercially available
systems. The use of passfocusing elements to reduce the ion beam diameter with minimal current loss is being
explored. Initial results will be presented and discussed.

This work was performed under the auspices of the U. S. Department of Energy, NNSA Office of Nonjwaliferat
and Verification Research & Development by Lawrence Berkeley National Laboratory under Contract NOOBE
05CH11231.

TUE-AT03-6 #431- Contributed Talk Tuesday 8:30 AM Bur Oak

A hydrocarbon fluid -based deuteron ion source for neutron generate

Paul R Schwoebel
Physical Sciences Division, SRI International, 333 Ravenswood Avenue, Menlo Park CA 94025, United States

A deuteron ion source based on a spark discharge between electrodes coated with a deuterated hydrocarbon fluid is
investigatedin the prototypic example studied here ion currents extracted from the source were on the order of 0.5 A with
a pulse duration of approximately 10 ¢s. Operation in a
neutrons/pulse with the demtumdeuterium fusion reaction at a deuteron ion energy of 65 keV. This approach to ion
sources for neutron generators has the potential to provide a compadiydahndighoutput neutron generator for
homeland security applications.

TUE-ATO03-7 #369- Contributed Talk Tuesday 8:30 AM Bur Oak

Neutron production using a pyroelectric driven target coupled with a gated field ionization source

Jennifer L Ellsworth Vincent Tang Steven FalabellaBrian Naranj Seth Puttermdn
@Lawrence Lvermore National Laboratory, 7000 East Ave., Livermore CA 94550, United States
@University of California Los Angeles, Los Angeles CA 90095, United States

A palm sized, portable neutron source would be useful for widespread implementation of deysttimis or
shielded, special nuclear material. We report results from experiments using a decoupled pyroelectric, lithium tantalate
crystal with a deuterated target clamped on top in a chamber filled with D2. The target, 6 cm diameter crystal, and
thermoeectric cooler are clamped together using a specially designed, electrically insulating tube which should prevent
arcing across the crystal. lon beam is produced through field ionization from single or multiple metal tips that are pointed
towards the crystaThe effects of fill pressure, tip configuration and bias, crystal heating rates, and the distance between
the tip and the crystal are considered.
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This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DEC52-07NA27344 and supported by the U.S. Department of EnergA®ffice of
Nonproliferation Research and Development under the Special Nuclear Materials Movement Detection portfolio.

TUE-ATO03-P1 #195- Poster- Tuesday 530 PM- Rio Grande
Pulsed DD neutron source for compensated porosity welbgging

Allan Xi Chen Arlyn J. Antolak, KaNgo Leung
Sandia National Laboratories, 7011 East Ave., Livermore CA 94550, United States

Computational Monte Carlo analysis haswh that lower energy neutrons, such as frofH@f source or a D
neutron generator, provide the highest sensitivity to porosity in compensated well logging measurements. Neutrons from
such sources do not penetrate the formation as deeply beforeibgt¢bermalized and, thus, are more easily detected. In
addition, less shielding material is needed between the neutron source and detectors leading to a more compact logging
tool. By operating the source in pulse mode, background noise is eliminatedbgulses and the sigriatnoise ratio is
improved in the detection system. This paper explores the operational functionality of a pOisezlibon generator in
terms of the required source intensity, optimized duty factor, and stidsgtector aangements for congmsated porosity
well logging.

Allan Xi Chen is also affiliated with Department of Mechanical Engineering, University of California, Berkeley,
CA 94720

’Ka-Ngo Leung is also affiliated with Department of Nuclear Engineering, UntyasCalifornia, Berkeley, CA
94720

Sandia National Laboratories is a mydtbgram laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclety Secu
Administration under contract BEC04-94AL85000.

TUE-AT04-1 #329- Invited Talk- Tuesday 1:00 PMBur Oak

Recent developments on ion beam diagnostics for research, healthcare and industry

Arnd Baurichter
Sales & Marketing, Danfysik A/S, Gregensvej 8, Taastrup 2630, Denmark

Danfysik is dedicated to use its 50 years of experience in designing, manufacturing, installing, commissioning and
testing of accelerator equipment to the benefit of its customers. We providerfdgtomponents and tukey systems for
a large variety of ion and electron beam applications for research, healthcare and industry. As part of our product portfolio
we manufacture ion and electron beam diagnostics in the energy range from several KeV to a few GeV. Oucgliagnost
cover several ranges of beam power up to multiple KW.

The presentation will focus on recent developments on beam diagnostics for light ion beam applications like
hadron cancer therapy. Our beam diagnostic program of current measurement devicesyfileapogition and beam loss
monitors, as well as slits and beam blocking devices is mostly based on designs developed at GSI in Darmstadt.

Most recently, a doped scintillating optical fiber based beam profile monitor for light ion beams with irgersitie
to several 18 p/s was developed in collaboration with Aarhus University and the Aarhus School of Engineering. The novel
detector consists of horizontal and vertical grids of 0.2 mm diameter Yb doped scintillating optical fibers, read out by
remotelylocated arrays of photo diodes. Test experiments with proton and carbon ion beams at the Heidelberg lon Therapy
center HIT have proven the new detector's potential to replace the costly multiwire proportional chambers widely used
today in synchrotron badéhadron therapy facilities. This work was supported by the Danish National Advanced
Technology Foundation. A patent is pending.
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TUE-ATO04-2 #14- Invited Talk- Tuesday 1:00 PMBur Oak
Diamonds for Beam Instrumentation

Erich Griesmayer
CIVIDEC Ingrumentation, Schottengasse 3A/1/41, Vienna 1010, Austria

Diamond is perhaps the most versatile, efficient and radiation tolerant material available for use in beam detectors
with a correspondingly wide range of applications in beam instrumentationefdumpractical applications have
demonstrated and exploited the sensitivity of diamond to charged particles, photons and neutrons. A general description of
diamond detectors is given together with several application examples.

TUE-AT04-3 #175- Invited Talk - Tuesday 1:00 PM Bur Oak

IBA beam diagnostics: present and new developments

Vincent Eric Nuttens
Beam Production System, IBA s.a., Chemin du cyclotron 3, LelgaiNeuve B1348, Belgium

IBA is developing accelerators for a wide range of ayapions. Depending on the accelerator, the beam properties
(particle type, energy, current, time structure) will be different, requiring specific diagnostics tools.

Medical accelerators are divided into two kinds of applications. The first one is ddddte production of
radionuclides for nuclear imaging. Low energy/@MeV) cyclotrons are generally used with the highest beam currents
possite (402 000e¢ A) . The second one is dedicated to protonthere
synchrocyclotrons (~250MeV) but provides low beam current (several nA). However, for quality assurance purposes, the
beam properties must be w&hown inorder to ensure the quality of the patient treatment. It relies therefore on highly
reliable beam diagnostic tools.

Industrial applications such as cable crosslinking and sterilization use Dynamitrons or Rhodotrons which produce
several MeV electrons witcurrents up to 100mA.

IBA R&D teams have developed several tools to measure beam size, position and intensity at various positions in
accelerators and beamlines. New developments are also in progress for online (i.e. during accelerator operaflios) and of
(i.e. during accelerator commissioning) beam diagnostic tools. A review of all the present and new developments is
proposed.

TUE-ATO04-4 #121- Invited Talk- Tuesday 1:00 PMBur Oak
Diagnostics for the optimization of an 11 keV inverse Comptoacattering X-ray source

Anne-Sophie ChauchhtJearPierre Brasil& Vincent Le FlanchécJeanPaul Négré Alain Binet,
JeanMichel Ortegd
WTHALES Communications & Security, 160 bd de Valmy, Colombes 92704, France
@CEA DAM DIF, Bruyéred e-Chatel, Arpajon 91290, France
®LCP/CLIO, Université ParisSud, Batiment 201, Orsay 91405, France

In a scope of a collaboration between Thales Communications & Security and CEA DAM DIF, 1trkg¥ X
were produced by inverse Compton scattering on theAERSility. In this type of experiment, Xays observation lies in
the use of accurate electron and laser beam interaction diagnostics and onfétjedeXectors. The low interaction
probability, between <100 em width, 12 argfudoptimizatisn)ofpllses gt h e
spatial and temporal covering. Another issue was to observe 11 kaysXn the ambient radioactive noise of the linear
accelerator. For that, we use a very sensitive detection scheme based on radio luminescent screens.
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TUE-AT04-5 #67 - Invited Talk- Tuesday 1:00 PMBur Oak

An innovative beam monitoring system for the research beam line of the new Bern PET cyclotron

Saverio Braccini
Albert Einstein Center for Fundamental Physics, Laboratory for High Energy Phy#l&R{l,. University of Bern, Sidlerstrasse 5, Bern
CH-3012, Switzerland

The new cyclotron laboratory for radioisotope production and fdidtiplinary research in Bern (Switzerland) is
based on a commercial IBA 18 MeV proton cyclotron, equipped with afispdlg conceived 6 m long external beam line,
ending in a separate bunker. It will provide beams for routirE 48d other PET radioisotope production as well as for
novel detector, radiation biophysics, radioprotection, radiochemistry and radiophatevatypments. The accelerator is
embedded into a complex building hosting two physics laboratories, four GMP radiochemistry and radiopharmacy
laboratories, offices and two floors for patient treatment and clinical research activities. This projectssaltief a
successful collaboration among the University Hospital in Bern (Inselspital), the University of Bern and private investors,
aiming at the constitution of a combined medical and research center able to provide the mostdgedtieghnologies
medical imaging and cancer radiation therapy. For this purpose, the establishment of a proton therapy center on the campus
of Inselspital is in the phase of advanced study. In this framework, an innovative beam monitor detector based on doped
silica andoptical fibres has been designed, constructed and tested. Scintillation light produced by Ce and Sbh doped silica
fibres moving across the beam is measured, giving information on beam position, shape and intensity. The deped fibres
constructed in collalration with the Institute of Applied Physics (IAPare coupled to commercial optical fibres, allowing
the reaebut of the signal far away from the radiation source. This geperglose device can be easily adapted for any
accelerator used in medical dipptions and is suitable either for low currents used in hadrontherapy or for currents up to a
few microAmpere for radioisotope production, as well as for both pulsed and continuous beams.

TUE-ATO04-6 #88- Invited Talk- Tuesday 1:00 PMBur Oak

Devdopment of longlived thick carbon stripper foils for high energy heavy ion accelerators by a heavy
ion beam sputtering method

Hideshi Mutd, Yukimitsu Ohshir6, Katsunori Kawasaki Michihiro Oyaizd, Toshiyuki Hattori
BcCenter of General Educatio Tokyo University of Science, Suwa, 5000oyohira, Chino Nagano 391292, Japan
@Center for Nuclear Study, University of Tokyel, Blirosawa, Riken Campus, Wako Saitama-8538, Japan
®van de Graaf Laboratory, Department of Physics, Tokyo Instififechnology,-22-1 O-okayama, Meguro Tokyo 18551, Japan
@institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KERhd, Tsukuba
Ibaraki 3050801, Japan
®Heavy lon Cancer Therapy Center, National Insétaf Radiorodical Sciences;941 Anagawa, Inage Chiba 26855, Japan

For over a decade, we have developed superlived carbon stripper foils of-5 0 ¢ Tghickness by the heavy
ion beam sputtering method. Foils of this thickness are mainly used for heavy ion beams of 100 ~ 20Rd@Afitly,
high energy negativeprt on and heavy ion accelerators have *mtarted t
thickness. However, the heavy ion beam sputtering® method
as resulted in the collapse of carbortigies from substrates during sputtering process. The reproduction probability was
less than 25%. The samples of the carbon foil received had surface defects. However, the defects were eliminated by
introduction of a substrate heater during sputteringgss. In this manuscript we describe a highly reproducible method
for thick carbon stripper foils by a heavy ion beam sputtering with krypton and xenon gases.
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TUE-ECRO051 #34- Contributed Talk Tuesday 3:30 PMBur Oak

Detection of Special NucleaMaterials with the Associate Particle Technique

Cedric_Carascp Clément Deygluh Bertrand Pérdt Stéphane NormafAdGuillaume SannféKarim Boudergdi
Gwenolé Corrg Vladimir Kondrasovs Philippe Pras
MCEA, DEN, Commissariat & 'Energhgomique, Centre d'Etudes Nucléaires de Cadarache, Saint Paul Lez Durance 13108, France
@CEA, DRT, Commissariat & I'Energie Atomique, Centre d'Etudes Nucléaires de Saclay, Saclay 91400, France
©G)CEA, DAM, Commissariat a I'Energie Atomique, Centre di&suNucléaires de Bruyeres le Chatel, Arpajon 91297, France

In the frame of the French tragsvernmental R&D program against CBRE\threats, CEA is studying the
detection of Special Nuclear Materials (SNM) by neutron interrogation with fast neutrahEedoby a sealed tube
neutron generator. The deuteriirtium fusion reaction produces an alpha particle and a 14 MeV neutron almost back to
back. The principle of the Associated Particle Technique is to tag neutron emission, both in time and avrdctan,
alpha patrticle positiosensitive sensor embedded in the generator. After each fission induced by a tagged neutron in the
SNM, several prompt neutron and gamma rays are detected in coincidence with the alpha particle in an array of plastic
scintillators. To increase the selectivity between nuclear and benign materials, cross talk between adjacent plastic
scintillators is filtered out. Indeed it produces false coincidences similar to fission events. We will present calculations
performed with the MCR-Polimi Monte Carlo code and with a post processing software developed with the ROOT
package, showing the capability of the system to discriminate between SNM and benign materials such as iron and lead.
The random noise due to accidental coincidencesugmmirrelated with the alpha particle) is taken into account in the
calculation, as well as counting statistics to simulate realistic performances of the test bench under development by CEA
laboratories.

TUE-ECRO052 #324- Contributed Talk Tuesday 3:30M - Bur Oak

IAEA Activities on Accelerator based Technologies and Applications

Francoise mulhausealiz simon, ralf kaiser, andrej zeman, danas ridikas
International Atomic Energy Agency, Vienna International Centre, Vienh408, Austria

Accelerators can provide some of the best analytical techniques and applications in a diverse range of fields such
as materials science, environmental science, cultural heritage and the biosciences. The effective utilization of aicelerators
being promotedhrough participation in knowledge building activities, the development and application of innovative
nuclear science, and the development of innovative nuclear energy systems. These areas offer a broad spectrum of activities
for the development, and neications of accelerators and accelerator based techniques.

This presentation will describe the latest developments as supported by the IAEA in the fieleenétgy
accelerators, especially the use for cultural heritage and material science, famreedrgy accelerators and their use for
the effective production of neutrons as well as material research. The main emphasis of the work of the IAEA is on training
and education. In the field of education the IAEA is working together with the Abdus Sd&mational Center of
Theoretical Physics (ICTP), Trieste, Italy. The new requirements on structural materials for fission and fusion request the
use of accelerators and new modelling efforts. The IAEA has coordinated research projects on this tegirdd tike to
increase their efforts, on request by the Member States.

The IAEA has initiated several projects which outcomes are the strengthening of the nuclear technology
contributions. Three main efforts should be highlighted: the training andiqagdif of a highly educated nuclear
workforce using accelerators, the use of accelerators for materials research, and the development of innovative nuclear
energy systems utilizing accelerators.
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TUE-ECRO053 #345- Contributed Talk Tuesday 3:30 PMBur Oak

Strong-focusing 800 MeV cyclotron for highcurrent applications

Peter Mcintyré Saeed Assaljikarie Badgle}; Justin ComeadxJoshua KellanfisThomas Manf Al Mclnturff',

Nathaniel Pogue Akhdiyor SattaroV
®physics, Texas A&M Unérsity, College Station TX 77843, United States
@APS, Argonne National Lab, Argonne IL 60439, United States

A superconducting strorfpcusing cyclotron (SFC) is being developed for higinrent applications. It
incorporates four innovations. Superdanting quartemvave cavities are used to provide >20 MV/turn acceleration. The
orbit separation is thereby opened so that bimaich interactions between successive orbits are eliminated. Quadrupole
focusing channels are incorporated within the secoithat alternatingradient strongocusing transport is maintained
throughout. Dipole windings on the inner and outer orbits provide enhanced control for injection and extraction of bunches.
Finally each sector magnet is configured as adflopled stek of independent apertures, so that any desired number of
independent cyclotrons can be integrated within a common footprint.

Preliminary simulations indicate that each SFC should be capable of accelerating 10 mA CW to 800 MeV with
very low loss and >@% energy efficiency. A primary motivation for SFC is as a proton driver for acceldraten
subcritical fission in a molten salt core. The cores are fueled solely with the transuranics from spent nuclear feel, and th
beams from one SFC stack woualéstroy all of the transuranics and leivgd fission products that are produced by a
GWe fission power reactor [1]. This capability offers the opportunity to close the nuclear fuel cycle and provide a path to
green nuclear energy.

TUE-ECR054 #351- Contributed Talk Tuesday 3:30 PMBur Oak

Neutronics and molten salt chemistry for acceleratodriven subcritical fission to close the
nuclear fuel cycle

Akhdiyor Sattarof, Elizabeth Soobl Michael Simpsot) Pavel Tsevkdy Marvin Adam$, Supahorn Phongikarodn
Karie Badgle§, Peter Mcintyr& Prabhat TrepatRyJames Gerify
Wchemical Engineering, University of Idaho, Idaho Falls ID 83402, United States
@Nuclear Engineering, Texas A&M University, Spence St., College Station TX Ur8&8| States
®ldaho National Lab, P.O. Box 1625, Idaho Falls ID 83403, United States
“”Physics, Texas A&M University, Spence St., College Station TX 77843, United States

The neutronics and core chemistry are presented for acceldratem subcrittal fission in a molten salt core
(ADSMS). The core is fueled solely with the transuranics andligrd fission products from spent nuclear fuel. The
neutronics and salt chemistry are optimized to destroy the transuranics by fission and-tiveddission products by
transmutation. The cores are driven by proton beams from a gtromgjng cyclotron stack, described in a separate paper.
One such ADSMS system can destroy the transuranics ardiveddission products and in the spent nucleat fue
produced by a GWe power reactor. It uniquely provides a method to close the nuclear fuel cycle for green nuclear energy.
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TUE-ECRO055 #23- Contributed Talk Tuesday 3:30 PMBur Oak

Digital front -end electronics for a Tagged Neutron Inspection Syem

Davide Cestér Giancarlo NebbfaLuca StevanalpGiuseppe Viesti
®Dipartimento di Fisica ed Astronomia, Universita di Padova, via Marzolo 8, Padova PD 35131, Italy
@sezione di Padova, INFN, via Marzolo 8, Padova PD 35131, Italy

In recen years a number of instruments based on the tagged neutron inspection technique have been developed i.e.
the Euritrack portal [1] or the SMANDRA system [Zfor such systems it is mandatory to acquire the gamma ray spectra
measured around the sample @incidence with the associated alpha particle detected inside the neutron generator. The
alphagamma timeof-flight is used to reconstruct the position of the inspected voxel. In the EURITRACK system a
conventional VME was used, employing discriminator6TO), charge to digital converter (QDC) and time to digital
converters (TDC) [3]. The development of fast digitizers offers the opportunity of deriving all information from the
digitized signals, as done in the SMANDRA system.

We are presenting here a gilm VME frontend electronics employing 3 FADC units (CAEN V1720 8 Channel
12bit 250 MS/s Digitizer) in which coincidence spectra are provided between two inputs in each card. This means that the
system can host up to 21 independent detectors (7 pericaahcidence with an alpha particle signal as trigger in each
card. The coincident data are written in list mode and a specialized software checks the coincidence and builag-the time
flight and energy spectra.

Different tests will be reported with téetors boosted up to the high count rates characteristic of this application.

[1] B. Perot et al., Nucl. Instr. Meth. B 261 (2007) 295.

[2] D. Cester et al., IEEE Proccedings of the 2011 2nd International Conference on Advancements in Nuclear
Instrumendation, Measurement Methods and their Applications.

[3] M. Lunardon et al., Nucl. Instr. Meth. B 261 (2007) 391.

TUE-ECRO056 #391- Contributed Talk Tuesday 3:30 PMBur Oak

Measurements of Neutron Fluence from a Secondary Neutron Converter Irradied with an 8 MeV
Bremsstrahlung Pulsed Power Accelerator Beam

Lee J. Mitcheft, Anthony L. Hutcheson Bernard F. Phligs Eric A. Wulf', Chul S. Gwoh Jacob C. Ziet
Joseph W. SchunterRobert J. Commis$pRichard S. Wooff Frank C. Young Lori Jaksorf, Stuart L. Jacksén
mSpace Science DivisierRadiation Detection Section, Naval Research Laboratory, 4555 Overlook Ave. S.W., Washington D.C. 20375,
United States
@plasma Physics Division, Naval Research Laboratory, 4555 Overlook Ave. S.\hinditasD.C. 20375, United States
®National Research Council, 500 Fifth St. N.W., Washington D.C. 20001, United States

®Ppraxis, Richmond Highway, Suite 700, Alexandria VA 22303, United States

®)Consultant, £3 Services, 3750 Centerview Dr., Chantifli 20151, United States

The Mercury facility at the Naval Research Laboratory in Washington D.C., an 8 MV, 200 kA pulsed accelerator
was used to produce ~50 ns intense bremsstrahlung pulses. A 10 cm thick by 33 cm diameter conj@inaeaf/ip
water)was placed in front of the beam and used as a neutron converter for the development of an intense pulsed mixed
beam gamma and neutron source. Neutron fluence measurements were made by measuring the resulting neutron activation
of 2.5 cm x 9.5 cm aluminunugks placed near the,D converter with four 100% relative efficient high purity germanium
detectors. The angular and linear response of the pulsed neutron burst in the presence of no target, a Pb surrogate, and
depleted uranium was measured. The reactdA%I(n,p)>’Mg with a threshold of approximately 1.1 MeV and the
thermal neutron capture reaction’6h | ( Al weje used to gauge the neutron fluence in two energy regimes. Monte
Carlo simulations of the experimental setup were performed to determine the angular response of the neutron energy
distribution in 2 bins. Simulations show a neutron energgctpum with peak intensity near that of thermal neutrons.
These spectra were then used to calculate a weighted cross section from the reactions. In the forward direction this was
calculated to be 0.02 mb for tA&I(n,p)*’Mg reaction and 57 mb for tHéA | ( FAl. Accounting for germanium detector
efficiency, absolute neutron fluences were determined from the weighted cross sections at the various puck positions. Based
on the activation results, peak neutron fluences of 1 8xtutrons/sr were geneeatin the forward direction. Results
show a steep decrease in fluence up to 100 cm from the source after which the fluence becomes fairly constant in intensity
out to 200 cm. The angular dependence measured ouft vea8thearly uniform.
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TUE-ECRO057 #491- Contributed Talk Tuesday 3:30 PMBur Oak

Neutronics of acceleratordriven subcritical fission for burning transuranics in used nuclear fuel

Akhdiyor I. Sattarov
Physics & Astronomy, Texas A&M University, College Station TX 77843, United States

A collaboration has been formed to develop acceledatoen subcritical fission in a molten salt (ADSMS) core
as a method to destroy the transuranics (TRU) contained in used nuclear fuel (UNF). The ADSMS core operates with
criticality keff = 0.96; spallon of an 800 MeV proton beam to produce the balance of fast neutrons to sustain fission. The
core neutronics is designed to achieve isoburnadbof the TRU isotopes are destroyed in the same proportion that they
are produced in the thermal reactoad®WR power station. The neutronics calculations, the fuel cycle over a century of
operation, and the resulting 104 reduction in radiotoxicity of UNF will be presented.

TUE-ECRO5P1 #285- Poster Tuesday 5:30 PMRio Grande
Characterization of a Field lonizing Charged Particle Source

Jordan W WatkinsJose L Pacheco, Duncan L Weathers
lon Beam Modification and Analysis Laboratory, University of North Texas, Department of Physics, 1155 Union Circle, #311427,
Denton TX 76203, United States

High qudity chargedparticle beams obtained using a figlthission source can be used for plasma diagnostics or
as ions sources for electrostatic accelerators. Also, in applications where differential pumping is not an option, the field
emission source can be elmyed because it is inherently ukhégh vacuumcompatible. A fieldemission source capable
of producing a bright, lovdivergence electron beam has been designed and built. It is designed so that the spacing
between the emitting tip and extraction eledtr can be varied to maximize emission and optimize beam characteristics.
The source design allows not only for electron emission, but with the introduction of a gas, could also produce ion
emission. The design and initial characterization of the sowdermance are discussed, including optimakdigctrode
geometry, operating potentials, and conditioning procedures.

TUE-ECRO5P2 #299- Poster Tuesday 5:30 PMRio Grande

Effect of solenoid magnetic field on drifting laser plasma

Kazumasa Takwasht, Masahiro Okamufa
®pepartment of Energy Sciences, Tokyo Institute of Technology, 4259, Nagatsuta;kMjdtmkohama 228502, Japan
@collider-Accelerator Department, Brookhaven National Laboratory, 5th Ave. Bldg 930, Upton New York 11i¢5(8 States

A laser ion source can provide various heavy ions using a simple apparatus. The ion beam extracted from a laser
ablation plasma has high current and short pulse duration. The beam pulse length can be controlled by changing the plasma
drift length between the surface of the target and the ion beam extraction point. However, the current decreases drastically
due to threalimensional expansion of plasma as the drift length becomes long. Longitudinal magnetic field during
transportation of plasmzan limit the expansion to transverse direction. Therefore, if the confinement technique with the
magnetic field is applied to laser ion sources, increase of charge per pulse and extension of pulse length on keeping high
current are expected.

To understad the fundamental effect of magnetic field on a drifting pulse plasma, we investigated behavior of ion
beam currents extracted from a laser ablation plasma injected into magnetic field generated by a solenoid coil. Plasma was
produced by NerAG laser whichhas 850 mJ and 6ns pulse length. lon beam currents were measured with a Faraday cup.
We scanned the strength of magnetic field (~several hundreds gauss) and length of solenoid coil (50cm~3m) with various
target material (Al, Cu, Ag, Au). In the conferendgese effects on the beam current will be described.
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TUE-IBA03-1 #302- Invited Talk- Tuesday 1:00 PMBrazos |

Phase and Structured Stability in Ferritic Alloy 14YWT under High-dose lon Irradiation

Yanwen Zhany Zihua Zhd, Chad Parish Phiip D. Edmondsoh?, Vaithiyalingam ShutthanandaMichael Millert
WMaterials Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge TN63A®&3United States
@Environmental Molecular Sciences Laboratory, Pacific NorthwestoNatiLaboratory, Richland WA 99352, United States
(3)Department of Materials, University of Oxford, Oxford OX1 3PH, United Kingdom

Increasing energy needs and the recent disaster at Fukushima nuclear power plants raises high demands for nuclear
industry,structural materials in advanced nuclear reactor components and fuel cladding must demonstexta long
stability and tolerance to high irradiation dose over extended lifetimes. Nanostructured Ferritic Alloys represents a new
class of oxide dispersionrehgthened steels. These mechanically alloyed steels containing a high density of dispersed
nanoclusters have been considered as promising candidates for structural applications in future fission and fusion reactors.
The highly desired strong resistanceddiationinduced property degradation is generally attributed to the presence of
highly dispersed and stable oxide nanoparticles or solute nanoclusters.

lon irradiation, due to much higher achievable dose rates than in nuclear reactors, can bdros&ddo s
conventional collisiorcascade damage to high doses across a wide range of temperatures over reasonable laboratory
timescales and, therefore, provides an effective approach to evaluate the lifetime performance of materials in neutron
irradiation ewironments. In this study, nanostructured ferritic allgyy WT samples were irradiated by 10 MeV Au/Pt to a
penetration depth of ~1.5 €00 asdivsD°CdHeaveisns argused b maxbnkdthed pa b e
deposited energy and minimize the ion content for a given displacement damage leveadidsoirinduced
redistribution of Cr, W, C, N, O, Ti and Y and the response of the microstructure to high doses were characterized by
complementary techniques of electron microscopy, atom probe tomography, and secondary ion mass spectrometry.
Nanoclustestability in 14YWT under higldose ion irradiation is evaluated. Significant change of Ti, Y and O are detected
in the irradiated region that can be related to the predicted displacement and Au profiles. The-iadiatézh
modification needs to be takénto consideration for the structural stability evaluation of 14YWT in reactor environments.

TUE-IBA03-2 #390- Invited Talk- Tuesday 1:00 PMBrazos |

Three-dimensional characterization of Auimplanted MBE grown CeO, thin films for plasmonic based
chemical sensors

Arun_Devaraj, Manjula | Nandasiti, N Joy, T Vargd, V ShutthananddnW Jiang, P Nachimutht
S. V. N. T Kuchibhatla, M. A. CarpenfeS Thevuthasdn
BEnvironmetal Molecular Science Laboratory, Pacific Northwest Natibahbratory, 902 Battelle Boulevard, Richland WA 99354,
United States
@physics Department, Western Michigan University, Kalamazoo MI 49008, United States
®College of Nanoscale Science and Engineering, University of AIBBINY, Rensselaer NY 12144 tdd States

Recently, Au doped cerium oxide (C§@n Al,O5(0001) composite has been developed as a candidate gas sensor
material for the detection of HCO and NQin harsh environments. The fabrication of the sensor material involved initial
molecularbeam epitaxial growth of CeGhin films on ALO;(0001) substrates followed by 2.0 MeV ZAipn irradiation in
a tandem accelerator with high fluence of 1*”idhs/cnt at 600°C. Subsequent annealing at 600°C for 10 hours in air was
performed to form wéldefined Au nanoclusters. Agown, irradiated, and annealed GdRin films were characterized by
Rutherford backscattering spectrometry (RBS)ax photoelectron spectroscopy (XPS), andyx diffraction (XRD). The
final annealed sample after gas expesexperiments was also characterized by using cross sectional TEM and atom probe
tomography (APT). Based on the XRD and RBS results, microstructure of the annedleDAthin film before and after
gas exposure experiments were shown to be identicaliseéd lon beam system was used for cross sectional TEM and
APT sample preparation by liftut process. Laser assisted APT is a recently developed 3D characterization capability with
subnanometer spatial resolution and ppm level chemical sensitivity. Thlise XPS or RBS which are characterization
techniques with a large analytical spot size, suitable for obtaining average composition depth profiles, APT provides the
compositional information of buried nanoscale volumes inside a matrix. Combining thkseadal characterization
results, Au nanoparticles were shown to be structurally well defined and devoid of any impurities. Also the presence of an
intermixed CeAlQ layer was noticed between the Gefiin film and ALO; substrate. Application of suchutimodal
characterization capabilities not only help in providing a comprehensive understanding of the structure of complex
technologically important material systems, but also help in subsequent process parameter optimization to achieve optimum
end perfomance for targeted applications.
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TUE-IBAO3-3 #286- Invited Talk- Tuesday 1:00 PMBrazos |

Electronic and lonic Conductivity Study of a S,.,VMo0O., Solid Oxide Fuel Cell Anode (x=0.0, 0.1, 0.2)

Nicholas Brule Childs Adam WeisenstefnCamas I€y!, Richard Smith Stephen Soffe
®physics, Montana State University, EPS Building Rm 264, Bozeman MT-3840,7United States
@Mechanical Engineering, Montana State University, EPS Building Rm 264, Bozeman MT384D1United States

The solidoxide fuel cell (SOFC) has many key advantages that make it stand out in the field of fuel cells. SOFCs
are suited for high efficiency power generation, fuel flexibility, high temperature electrolysis, closed loop regenerative
systems (reversible poweldetrolysis), oxygen generation, and carbon dioxide reduction. Most notably, SOFCs have
extremely high reversible efficiencies, thus the same stack can be used effectively for both electrolysis and power mode
operation. These capabilities make the SORfbIkiversatile for: primary/secondary power systems, advanced life support,
and insitu resource utilization which may all be desired for a forthcoming Lunar return and Mars Exploration.

A promising anode material for a SOFCs is the double perovskitg\@v®0O6-y (x=0.0-0.2), due to its stability,
electronic, and ionic conduction. Anodes of this material were prepared via a tape casting technique, calcined in air at 1000
oC for 6 hrs and finally sintered in a reducing environment at 1300 oC for 20 H8saBXRD were used to determine
elemental composition and crystal structure respectively. Electronic and ionic conductivities of the anodes were measured
as a function of temperature (380 oC) in a reducing atmosphere. In conjunction with the condiycthéasurements,

XPS was performed after annealing in a vacuum environment with a controlled pressu@Toirt 2 to determine

valence states of Sr, V and Mdleasurements for this double perovskite material have shown excellent electronic and
ionic conductivity. Electron occupation in V and Mestiells is thought to be the mechanism for the electronic conductivity
changes, while development of oxygen vacancies in the reducing environment provide for improved ionic conductivity.

This research is fundeby a Montana NASA EPSCoR grant NNX09AP73A.

TUE-IBA03-4 #280- Contributed Talk Tuesday 1:00 PMBrazos |

RBS Investigation of Volatile Gases Produced in Solid Oxide Fuel Cell Systems

C. F. Key, J EziasHi N. Childg, R. J. Smith P. Gannof W. Priyanthd J. Regdr S. Sofié P. Gentilé
Wphysics, Montana State UniversBpzeman, EPS Building, Bozeman MT 59717, United States
@Chemical Engineering, Montana State Univer8tyzeman, Cobleigh Hall, Bozeman MT 59717, United States
®Mechanical Engineering, Montana State Univer@tyzeman, Roberts Hall, Bozeman MT 59717, United States

Solid oxide fuel cell (SOFC) development depends greatly on the use of readily available, inexpensive materials
throughout SOFC systems. Ferriticistass steel interconnects have been considered along with aluminosilicate insulation
and gadeed tubes to meet this demand. At SOFC operating temperatures0@3TC) these materials exhibit
degradation due to interactions with water vapor and oxy@a&seous Cr and Si species are produced as a result that have
been shown to form insulating phases in electrochemically active sites, limiting cell lifetime and performance.

A novel transpiration experiment has been developed to quantify the amoutdtdé @r and Si gases generated
by these systems in a high temperature SOFC gas environment. Chemical reactions are facilitated by flowing humidified
air or forming gas (5% kI N, balance) through quartz or aluminosilcate tubes and over samples lacttedentral het
zone of the tube furnace. Downstream from the samples vapors are condensed on the surface of silicon or glassy carbon
wafers mounted on a wateooled heasink. Rutherford backscattering spectrometry (RBS) using a 2MV Van de Graaff
accelerator is performed to determine the arial density (atorisafrCr or Si atoms collected on the wafer. This density
can then be converted to the total amount of Cr or Si on the wafer by knowing the area of the collecting surface and
assuming uniforncoverage over that area. During the course of an experiment wafers can be easily removed and replaced
with new wafers, allowing one to monitor how volatility rates change with time.

Work supported under DOE SECA Cooperative Agreement NeFOE5-05NT4261B and NASA EPSCoR
NNXO09AP73A.
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TUE-IBA03-5 #71- Contributed Talk Tuesday 1:00 PMBrazos |

Electronic stopping power for heavy ions in silicon dioxide

Ke Jirt, Yanwen Zhanty, William J Webet?
®pepartment of Materials Science & Engineeritupiversity of Tennessee, Knoxville TN 37920, United States
@Materials Science & Technology Division, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States

Silicon dioxide (SiO2) is widely used in electronic, nuclear and space applicationg.ae information of
electronic stopping power is crucial to not only precisely control the dopant concentration over well defined depth
distribution but also provide predictive performance models for materials under harsh environment. However, measuring
electronic stopping power for heavy ions in materials is a long standing challenge. In this work, electronic stopping powers
for 35CI, 80Br, 1271, and 197Au ions in SiO2 are measured in continuous medium energy range from 3 to 18 MeV based
on a single ioriechnique utilizing a higiesolution timeof-flight spectrometer and a silicon detector. It is indicated that
the predictions from the Stopping and Range of lons in Matter (SRIM) code which has been widely used for decades
underestimate the electroniopping powers for heavy ions with energies over 30keV/u. The electronic stopping power for
Au ions in silicon carbide (SiC) is also studied, Rutherford backscattering spectrometry (RBS) and secondary ion mass
spectrometry (SIMS) are applied to measuredigeth profiles of implanted ions in 66iC with energies from 700 keV to
15 MeV.

The measured projectile ion ranges exhibit large discrepancies with SRIM predictions but agree well with the
predictions based on the combination of measured stopping patweedium energies and reciprocity theory predicted
electronic stopping powers at low energy range. These results indicate that improved models and predictions for the
electronic stopping power are necessary for more reliable predictions on damage@ndlem

TUE-IBAO3-P1 #422- Poster- Tuesday 5:30 PMRio Grande

High Resolution Depth Profiling using a Combination of Atom Probe Tomography and Higtresolution
Rutherford Backscattering Spectrometry

V ShutthananddnFang Lid, Huang Lf, C MWand, D K Schreibet, D E Perei A Devara}, SVNT Kuchibhatl4
R F Davié, L M Portef, S_Thevuthasan
(WEMSL, PNNL, Box 999, MSIN KB, Richland WA 99352, United States
@Department of Materials Science and Engineering, Carnegie Mellon Unives6@y Forbes Ave., Pittsburgh PA 15213, United States
©®PNNL, Box 999, Richland WA 99352, United States
®Battelle Science and Technology India, MHL057, Pune, India

Despite the significant improvements in instrumentation in the recent past, ehanagtinterfaces with ultra
high resolutions still poses challenges to research community as a result of inherent shortcomings in various techniques. In
this context, it is imperative to intelligently combine more than one analytical technique andagsiafgpuse new
techniques with improved spatial and chemical resolutions (better chemical sensitivity and improved mass resolution) to
achieve such a goal. EMSL at Pacific Northwest National Laboratory has been focusing on "integrating multiple $echnique
to understand the otherwise impossible complex material systems". Laser assisted Atom Probe Tomography (APT), a
relatively new addition to the surface and interfacial analysis suite at EMSL, is capable of providingn8ioal images of
various materia including multilayer thin films with suknanometer spatial and a ppm level chemical resolution.

The convergence of information from various analytical techniques, while highlighting the unique features that
3D-chemical imaging with atom probe tomoghy can offer, to study nanoscale interfaces is the focus of this study.
Multi-quantum well (MQW) structures consisting of GaN, InGaN rHalters, are prepared using metadjanic chemical
vapor deposition. The microstructural and compositional infoomaif the MQW structures is quite essential to
understand and improve the efficiency of green LEDs. H@golution scanning transmission electron microscopy
(HRSTEM), highresolution Rutherford backscattering spectrometry (HRRBS) and APT have been asalyze these
MQW structures. Information such as layer thickness, elemental composition, diffusion of elements across interfaces and
interfacial roughness/mixing have been studied in detail. The concentration profiles obtained from atom probe tomography
will be compared with highesolution Rutherford backscattering spectrometry data to confirm the nature of the interfaces.
Layer thickness values obtained from APT are compared to those from HRSTEM and HRRBS data.
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TUE-IBAO4-1 #135- Invited Talk- Tueslay 8:30 AM- Brazos |
Energy loss of proton beams in biological materials

Rafael GarciaMolina’, Isabel Abrif, Pablo de Veraloanna Kyriako? Dimitris Emfietzoglod
Wpepartamento de FisicaCentro de Investigacion en Optica y Nanofisicaiversidad de Murcia, Murcia, Spain
(Z)Departament de Fisica Aplicada, Universitat d'Alacant, Alacant, Spain
GMedical Physics Laboratory, University of loannina, Medical School, loannina, Greece

We study the energy deposited by swift proton beams oerialatof biological interest, such as liquid water,

DNA and PMMA. An appropriate description of the target Energy Loss Function (ELF), which provides its electronic
excitation spectrum, is obtained from experimental optical data properly extended @nigiing momentum transfers.

The main magnitudes characterizing the stopping of the projectile with the biological media are calculated analytically (in
the dielectric formalism framework) and compared with available experimental data. The differeheggrofdn stopping

in several biological targets are discussed.

The spatial distribution of the delivered energy by a proton beam is evaluated by the code SEICS (Simulation of
Energetic lons and Clusters through Solids), which combines molecular dyraardit4onte Carlo techniques and includes
the main interaction phenomena between the projectile and the target constituents. The protatistrieugipn at several
depths in these biological materials is also simulated as well as the evolution of theneegynand its geometrical
dispersion.

TUE-IBA04-2 #9 - Invited Talk- Tuesday 8:30 AM Brazos |

Bridging the Gap between the QuasiMolecular-Orbital World and Perturbative
lon-Energy-loss Treatments

Gregor_Schiwietz Pedro Luis Grande
Oinstitute G-12, HelmholtzZentrum Berlin fir Materialien und Energie GmbH, HalMeitnerPlatz 1, Berlin Berlin 14109, Germany
@Inst. de Fisica, Universidade Federal do Rio Grande do Sul, Caixa Postal 15051, Porto Alegre RS7aIH@zil

Investigations ofhe energy losses of charged partidctgsracting with gases and solids started about a century
ago. A profound qualitative knowledge on inelastic processehafged particles in matter has evolved since then [1].
Classical and quantum effects haeb investigated for the adiabatic lewergy limit as well as in the asymptotic
(perturbative) higkenergy limit. Intermediate energiase most important for applications, however, but turn obetmost
problematic from the theoretical point of view.

Here we will show, using the UCA (unitary convolution approximat&ioppingpower model, that it is possible
to predict energy lossés localizedelectron systems for ions of some 10 keV/u upetativistic speeds. Starting from
guantum perturbation &oryof excitation and ionization and including various correction texsnaell as electrenapture
processes, all important eneripygs mechanisrare considered. Reasonable precision is reached even for specific detalils,
such as nofequilibrium charge sttes, channeling or backscattering [2,3].

[1] P.L. Grande and G. Schiwietz; in "Advances in Quantum Chemistol.' 45, pp.746 (book article ed. by J.
Sabin, 2004, Elsevier Inc.)

[2] G. Schiwietz and P.L. Grande; Nucl. Instr. Meth. B273, (2012)

[3] G. Schiwietz and P.L. Grande; Phys.Rev. A84, 052703 (2011)
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TUE-IBA04-3 #214- Invited Talk- Tuesday 8:30 AM Brazos |
Quantitative analysis of ultra thin layer growth by Low Energy lon Scattering

Daniel Primetzhofér, Dominik Goeb!, Wolfgarg Roesslér Peter Bauér
Dinstitut fuer Experimentalphysik, Johannes Kepler University, Altenberger Strasse 69, Linz 4040, Austria
@Institutionen for Fysik och Astronomi, Uppsala Universitet, Box 516, Uppsafl 20, Sweden

The potential of lovenergy ion scattering (LEIS) for quantitative analysis of nanometer layers is highlighted. With
noble gas ions at energies of several keV the use of spectrometers leads to an information depth close to one monolayer [1].
To obtain subsurface informatiorgattered neutrals may be detected by FEHFS. Since 1 2 keV H or He ions are slow,
monolayer depth resolution can easily be reached. A further advantage -AfETO#s that the spectrum can be recorded
simultaneously in a broad range, with very low dgemt the sampleTo some extent, quantification is a challenge, since
for this purpose electronic stopping has to be known, and the influence of multiple scattering must be taken into account
properly. The former may be an excessive demand for ava#itdgeing power tabulations, since band structure effects
may lead to pronounced deviations from velocity proportionality [2]. The latter is in principle possible since the scattering
potential is known sufficiently well, but cannot be done analyticalleré&tore, simulations must be performed which
allow for multiple scattering and include realistic electronic stopping [3] to quantitatively model the nanometer film of
interest on the basis of the information deduced from the measured EISFspectrum.

We present some recent applications of FHHS in studies of the properties of nanometer films, like growth of
Au on boron [4] and of Ag on PET. Additionally, results on nanometer layers of metals and oxides on various substrates are
shown.

[1] HH. Brongesma et al., Surface Science Reports 62, 3,@3(2007).

[2]J. E. Valdés et al., Phys. Rev. A49 (1994) 1083.

[3] J.P. Biersack et al., Nucl. Instr. & Meth. B61 (1991) 77.

[4] D.Primetzhofer, S. N. Markin, P. Zeppenfeld and P. Bauer, S. Prusa, M. KalilobT. Sikola, Appl. Phys.
Lett. 92 (2008) 011929.

TUE-IBA04-4 #66- Invited Talk- Tuesday 8:30 AM Brazos |
A simple approach for simulating the 2D MEIS spectrum in crystalline materials

A. HentZ, D. P. Woodruft
Winstituto de Fisica, Univaidade Federal do Rio Grande do Sul, Av. Bento Gongalves, 9500, Porto Alegre RS B(1,5Bfazil
@Physics Dept, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, United Kingdom

We have recently shown [1] the effect of trajectdgpendent emgy-loss in Medium Energy lon Scattering
(MEIS) experiments for the clean Cu(111) surface under shadowing/blocking conditions. Specifically, the results show the
influence of "skimming" trajectories suffered by ions scattered frorrsaudiace layers and arging close to a blocking
dip after passing close to nesurface atoms. One key component of this previous result was the use of the impact
parameter dependent eneilggs distribution calle€oupledChannelcalculations.However the Coupledhannel
calculations are computationally very tinesensuming and their use requires one to deals with large tables of data{energy
loss distributions as a function of ion and target atomic species, ion energy, and impact parameter). In the present work we
have tackld this issue by using an analytical asymmetric distribution function, called HEMgdnentially Modified
Gaussian [2], to model the enefipgs distribution according to the results fratminitio calculations as well as from
experimental data [3,4]. Thisformation is used in a modified version of the standard VEGAS program to predict the
scattered ion energy spectrum, as a function of scattering angle for a specific incidence direction at a crystalline surface.

Here we present the results of a combierperimental and theoretical investigation that shows direct
experimental evidence of the influence of trajectdependent inelastic enerpss in the detected energy of ions back
scattered from the outermost few atomic layers of a single crystal. Wendeate this effect can be correctly modeled
computationally, by comparing the simulated spectra for analytical (EMG fitting) and calculated (Cchughee!
calculations) energlpss distributions.

[1] A. Hentz, et al. Phys. Rev. Lett. 102 (2009) 096103

[2] P.L. Grande, et al. Nucl. Instr. And Meth. B 256 (2007) pi962

[3] A. Hentz, et al. Phys. Rev. B 74 (2007) 125408.

[4] M. Hazama, et al. Phys. Rev. B 78 (2008) 193402.
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TUE-IBA04-5 #347- Contributed Talk Tuesday 8:30 AM Brazos |

The enegy loss straggling of ions in matter

Claudia C MontanayiJorge E Miraglia
Institute of Astronomy and Space Physics, Consejo Nacional de Investigaciones Cientificas y Tecnoldgicas and Univensisy of Bu
Aires, IAFE, Buenos Aires 1428, Argentina

The aergy loss straggling is an interesting parameter for the theoretical study. It represents a sensitive input for
many calculations and computer simulations for material analysis of technological and biological interest (SIMNRA,
SEICS) [1,2]. The stragglig in the energy loss is statistical: when swift charged particles penetrate matter, they lose
energy in a great number of collisional events, giving rise to the dispersion in the ion energy loss spectrum. However,
experimental measurements include alsghmessnhomogeneity contribution [3], clear in some data [5]. Since 1980,
measurements began to take this effect into account [6], both in the sample preparation and in the final values. There are a
great number of recent measurements from differewtrrédbries and techniques that show less spread and a tendency to a
single band.

In this contribution we present theoretical results using a collective model, the SLPA [7], for different ions and
targets, together with a comparison with the available dasaaling of the square energy loss straggling normalized to
Bohr high energy limit is proposed, which allows to represent the straggling data and theoretical curves for different ions
(H to B) and targets (Cu to Bi), is almost a single curve, and intesdihe possibility of a simple universal function for the
energy loss straggling.

[1] M Mayer, Nucl. Instrum. Methods. Phys. Res1B4, 177 (2002)

[2] R GarciaMolina et al, Phys. Med. Biob6, 6475 (2011)

[3] Y Kido, Phys. Rev. B34, 73 (1986)

[4] J C Eckardt and G. H. Lantschner, Thin Solid Fid8, 11 (1994)

[5] Q Yanget al, Nucl. Instrum. Methods. Phys. Res6B 149 (1991)

[6] F Besenbacheat d, Nucl. Instrum. Method468 1 (1980)

[7] C C Montanarkt al, Phys. Rev. A5, 022903 (2007)Phys. Rev. A79, 032903 (2009)

TUE-IBA04-P1 #58- Poster Tuesday 5:30 PMRio Grande

Barkas effect in stopping power and energyoss straggling for dressed projectiles

Claudio Archubi, Isabel Abrif, Rafael GarciMolina®, Néstor R. Arista
(1)Departamento de Fisica, Universidad de Buenos Aires, Buenos Aires, Argentina
(Z)Departament de Fisica Aplicada, Universitat d'Alacant, Alacant, Spain
®Departamento de FisicaCentro de Investigacion en Optica y Nanofisica, Universidad de Murcia, MBp&in
“Centro Atémico Bariloche and Instituto Balseiro, Comisién Nacional de Energia Atémica, San Carlos de Bariloche, Argentina

The deviation in the stopping power from the quadratic dependence on projectile charge predicted by the Bethe
theory [1],called Barkas effect, was first experimentally measured by Barkas amdrkers [2] as a difference in the
penetration range for positive and negative pions in malfiaring the last four decades an important collection of
theoretical studies has begeveloped to explain the Barkas effect. However, all these analysis were made assuming bare
projectiles. On the other hand, it is well known that the degree of ionization of a projectile depends on its velocity [3].
Therefore, the effect of the bound dfens in the energy loss of an ion must be considered at low and intermediate
velocities.

In this work we evaluate the Barkas effect in the stopping power and the 4ossgyraggling for dressed
projectiles moving in a free electron gas. The projetidgctories were calculated by a numerical simulation, where the
potential is described by a sum of two Yukawa potentials related to the screening of the projectile by the electron gas and
the binding electrons. Then, following the classical model ofrdresport cross section [4], we calculate the Barkas factor
for H, He, Li and C projectiles in an Al target in a wide velocity range. Applying a scaling law analogous to that proposed
by Lindhard [5] for bare projectiles, we conclude that the Barkasrfasireases with the degree of ionization for low and
intermediate velocities.

[1] H. Bethe, Ann. Phys. 5 (1930) 325.

[2] W.H. Barkas et al. Phys. Rev. 101 (1956) 778; Phys. Rev. Lett. 11 (1963) 26.

[3] W. Brandt, M. Kitagawa, Phys. Rev. B 25 (1982) 563

[4] N.R. Arista, P.L. Grande, A.F. Lifschitz, Phys. Rev. A 70 (2004) 042902.

[5] J. Lindhard, Nucl. Instr. and Meth. 132 (1976) 1.
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Energy distributions of proton beams interacting with multi-walled carbon nanotubes

Rafael GarciaMolina', Jorge E. Valdé&s, Carlos CeledénRodrigo Segufa, Cristian D. Dentoh) Néstor R. Aristj
Patricio Varga% Isabel Abrif
Wpepartamento de FisicaCentro de Investigacién en Optica y Nanofisidajversidad de Murcia, Murcia, Spain

@Dpepartamento de Fisiehaboratorio de Colisiones Atémicas, Centro para el Desarrollo de la Nanociencia y la Nanotecnologia,

Centro de Nanociencia de Valparaiso, Universidad Técnica Federico Santa Maria, alatp@hile

(3)Departament de Fisica Aplicada, Universitat d'Alacant, Alacant, Spain
@ Divisién Colisiones Atémicas, Centro Atémioco de Bariloche, San Carlos de Bariloche, Argentina
®)Departamento de Quimica y Bioquimica, Universidad de Valparaiso, Valpa€tise

The irradiation with energetic proton beams impinging normal to the axis of awaligid carbon nanotube
(MWCNT) is studied, both experimentally and by simulations. The proton energy distribution measurements were
performed after the protonsyepassed through the nanotubes, for proton beam with incident energies less than 10 keV.
Nanotubes samples were dispersed and supported on a holey amorphous éajlmmatad TEM grid. The simulation
followed the trajectories of each projectile by sotyits classical equation of motion, where the electronic structure of the
nanotube and the stopping force was obtained throughitedomodels and the local density approximation.

The experimental energy spectra in the forward direction show two \ffelleditiated peaks, whose origin is
elucidated by using the simulation of the proton trajectory through the nanotube. We conclude that only protons that travel
in quasiplanar channeling between the outer walls of the MWCNT are detected, due to smalt defiettions. The low
energy loss peak comes from MWCNTSs lying on the holes of-thesabstrate, whereas the high endags peak
originates mainly in the MWCNTSs supported on th@ aubstrate.

TUE-IBA04-P3 #296- Poster- Tuesday 5:30 PMRio Grana
Medium Energy lon Scattering applied to investigate planar buried nanostructured systems

Dario Sanchez Flavio Lucé, Mauricio Sortic Francio RodriguésJerome LevenefrJohn Kennedy
Pedro Luis GrandePaulo Fichtnér
Dinstitute of Mysics, UFRGS, Av. Bento Goncalves 9500, Porto Alegre Select StateC804®razil
@National Isotope Centre, GNS Science, 30 Gracefield Road,, Lower Hutt Select State, New Zealand

Medium energy ion scattering (MEIS) is an ion beam characterizatibnitpie capable to determine with
subnanometric depth resolution elemental composition and concenttaptimprofiles in thin films. Also, MEIS
measurements were recently used as an additional tool for the characterization of shape, compositibnib i diad
stoichiometry nanoparticle (NP) systems, and also for determination of depth distributions of different elements in a single
nanoparticle. Through the use of a Monte Carlo simulation and fitting software that we have developed, the PowerMeis,
that considers any geometry, size distribution, composition and density of the nanostructures and also the asymmetry of the
energy losglistribution, we have explored the MEIS potentiality to investigadé®nsional nanostructured systems
buried into asolid matrix, which has attracted interest in connection e.g. with plasmonic and magnetic applications. For
both, the NP system properties are strongly dependent on size, shape, areal number density and spatial order of the NP set.
In this work we show theapability of the MEIS analysis combined with synchrotron techniques and Transmission
Electron Microscopy (TEM) to investigate several systems, namely: (i) a condensed arrangement of Pb nanoparticles (NPs)
located under a silica layer at SIS interface where through TEM and Grazing Incidenceays Small Angle Scattering
(GISAXS) the size distribution, the geometrical shape parameters and degree of organization were very well characterized,
and, taken into account these features in the MEIS analygisibbtained in additional the noncleated Pb distribution
in the SiQ matrix around the NPs; (ii) a planar set of Fe @%i©,), core@shell NPs near the surface into the,Sithere
the NPs geometrical features were characterized through TEM anatygbtheashell stoichiometry obtained combined the
TEM results with the MEIS analysis.
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TUE-IBA04-P4 #297- Poster- Tuesday 5:30 PMRio Grande

Structural characterization of CdSeZnS quantum dots using Medium Energy lon Scattering

Mauricio Sortica, Pedro Luis GrandeClaudio Radtke Lais Almeidd, Rafaela DebastianiJohnny Ferraz Dids
Dinstitute of Physics , UFRGS, Av. Bento Gongalves 9500, Porto Alegre RSB &razil
@Institute of Chemistry, UFRGS, Av. Bento Goncalves 9500, Rtetpe RS 9046080, Brazil

Compound quantum dots QDs are promising materials that can be used in many fields of the technological
development, but the accurate knowledge of compositional depth profiling inside of them is still a technological challenge.
Medium energy ion scattering (MEIS) is an ion beam analysis technique, capable of elemental depth profiling with
subnanometric depth resolution. Recently, the MEIS technique was optimized for nanostructured materials analysis and be
came a promising todbr structural characterization inside of QDs. In this work, we use the MEIS technique to
characterize a corghell nanostructure of CdSe/ZnS QDs. The crystal size of 5.2 nm, determined by MEIS, is in good
agreement with optical measurements and TEM imaljes coreshell structure is resolved by the present configuration of
MEIS in contrast to the present TEM measurements. The commercial CdSe/ZnS QDs$tagchammetric Cd and Se
concentrations. The sample selected for this work have a Cd:Se rat®1@f.81. Our investigation shows that there is Cd
present on the shell and the CdSe core tends to be a stoichiometric crystal. That indicates that, despite the unbalance of
material, the CdSe crystal is preserved during the industrial process that htavesitrol of the QDs diameters.This study
shows the power of the MEIS technique, that combined with other analytical techniques, is a powerful method to determine
elemental distribution profiles, inside nanoparticles with diameter about 5 nanometerslldvis for studies of the
formation and stability of the internal structure of the QDs when exposed to several kind of proceskeatitig and ion
irradiation.

TUE-IBAO5-1 #105- Invited Talk- Tuesday 3:30 PMBrazos |

Investigation of deuterondynamic deposition and retention by insitu NRA and exsitu ERDA

Tieshan Wanf Jiangtao ZhapQiang Wan§j Kaihong Fanty Mingcong Lan, Xinxin Xu', Taw Kuei Chah
Thomas Osipowicz Jirohta Kasagdi
Wschool of Nuclear Science and Technolagynzhou University, Tianshuinan Road 222, Lanzhou Gansu 730000, China
@Center of lon Beam Application, Department of Physics, National University of Singapore, Singapore, Singapore
®Research Center of Electron Photon Science, Tohoku University, S&0k678, Japan

The study on micralynamic behavior of hydrogen isotopes in metals is always a challenge due to limitations
inherent to available analytical techniques. In this workjrtk&tu analysis with D(d,p)T reaction combined wék situ
highresolution Elastic Recoiled Detection Analysis (ERDA) are used to study the deuterium (Dfymiaraics of
deposition and retention in metals. Tungsten (W), molybdenum (Mo), beryllium (Be) and other metal (purity >99.9%)
samples are investigated-d2posiion and concentration are measured by deuteron implantation and simultaneous
measurement of the-D reaction in the energy region below 20keV. The proton (p) and triton (t) yields from D(d,p)T are
used to monitor in realme D-concentrations in target8.dynamically saturated Idoncentration is been reached in each
metal after a certain implantation fluence, but the saturation concentrations and the related critical fluences are material
dependent, due to differences of diffusion coefficients and diblebin the metals. Such experiments are performed with
D5" beams with different energies in the range of 10~20 keV in 1.0 keV/amu steps. The satuwaned@rations show a
slight energy dependence, which is caused by the changdept profile at ach deuteron energy. The ratio of proton
yield to triton yield (pAratio) is monitored in the experiments as well. By comparing the experimentatip/tvith
theoretical calculations that include multigeattering of deuterons, an approximation todyxeamical Ddepthprofile is
obtained at each energy point. The influence of radiation damage to the saturatinoebtration and distribution is also
studied. The saturation concentration drops significantly in all metals after a certain implardatiphud this reduction is
material and fluence dependent. In order to study theténtion after the experiments, thedBpth profile at nanscales
has been measured by high resolution ERDA. Lastly, significant deuterium loss and an inhomogenau®disigb
found in the samples after one year.
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TUE-IBAO5-2 #457- Invited Talk- Tuesday 3:30 PMBrazos |

H Uptake in Zr-Based Reactor Fuel Claddings Studied With ERD

Barney L. Doyle David Enos, Shreyas Rajesekhara, Blythe G. Clark
Radiation Satl Interactions Department, Sandia National Laboratories, MS1056, Albuquerque NM 87104, United States

Zirconiumbased alloys are currently the most prevalent material used as the cladding for the containment of
uranium oxide nuclear fuel pellets for dastie light water reactors. While in service, hydrogen generated at the metal
solution interface diffuses into the cladding, where can precipitate in the form of a brittle hydride, and impact mechanical
properties.The Zr cladding is bombarded with highezgy neutrons which cause displacement damage within the metal.
This damage potentially either impedes or accelerates the accumulation of H in the cladding. A study has been undertaken
at Sandia to elucidate the kinetics with which H incursion occupsii@ Zr and three common Zr alloys: Zircaldy
Zircaloy4 and Optimized ZI RLOE. | ry electraclemically ehdirgingTheHe H was i n
accumulation rate was studied for these materials vs. displacement damage using 25 MeV Au an&Binilants,
producing dpa's ranging from 0 to 25. 10 MeV He Elastic recoil detection (ERD) and 34 MeV Si ERD were used to
measure H concentration profiles vs. electrochemical charging time. TEM evaluation of tkarfeae region
demonstrated thatydrogen is present as a nearly continuous layer of hydride which grows into the material. Preliminary
results indicate that a diffusion controlled mechanism is responsible for the incursion of H and progression of the hydride
layer into these materialS.he effective H diffusion coefficients through the hydrides are greatest for Zir2alower for
Zircaloy-4, and lowest for the ZIRLO. The same experiments on displacement damaged samples suggest that this damage
tends to reduce the diffusion coefficisrat lower damage levels {11dpa), but has little effect at higher damage levels (25
dpa).

Sandia National Laboratories is a mydtbgram laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporatibng r t he U. S. Department of Energ
Administration under contract BEC04-94AL85000.

TUE-IBAO5-3 #321- Invited Talk- Tuesday 3:30 PMBrazos |

Accurate Determination of the Quantity of Material in Thin Films by lon Beam Analysis

Chris Jeynes Nuno P BarraddasE Szilagyf, Julian L Colau% Roger P Webb
Winstituto Superior Tecnico/ITN, Universidade Tecnica de Lisboa, Lisbon, Portugal
@|nstitute for Particle and Nuclear Physics, Wigner Research Centre for Physitsp&st, Hungary
®Surrey lon Beam Centre, University of Surrey, Guildford Surrey GU12 5LY, United Kingdom

lon beam analysis (IBA) is a cluster of techniques including Rutherford anRuithverford backscattering
spectrometry, and particiaduced Xray emission (PIXE). Recently, the ability to treat multiple IBA techniques (including
PIXE) selfconsistently has been demonstrated. The utility of IBA for accurately depth profiling thin films is critically
reviewed. As an important example of IBA, thtalkoratories have independently measured a silicon sample implanted
with a fluence of nominally 5.%PAs/cnt at an unprecedented absolute accuracy. Using 1.5"Me\VRutherford
backscattering spectrometry (RBS), each lab has demonstrated a combinarisiandrtainty around 1% (coverage
factor k=1) traceable to an Bmplanted certified reference material through the silicon electronic stopping power. The
Uncertainty Budget shows that this accuracy is dominated by the knowledge of the electromg staphat special care
must also be taken to accurately determine the electronic gain of the detection system and other parameters. This RBS
method is quite general and can be used routinely, to accurately validate ion implanter charge collectisnteystetify
SIMS standards, and for other applications. The generality of application of such methods in IBA is emphasised: if RBS
and PIXE data are analysed setinsistently then the resulting depth profile inherits the accuracy and depth oesofuti
RBS and the sensitivity and elemental discrimination of PIXE.

In this presentation we will include details of how to obtain an accurate determination of (i) the machine energy,
(ii) the electronic gain, and (iii) the pulse height defect corredtamn close analysis of calibration data using the 3038
keV resonance in th80 ( U'Olgattering crossection function, and how this is very convenient for the RBS analysis.
We will also show the construction of the Uncertainty Budget.
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TUE-IBAO5-4 #231- Invited Talk- Tuesday 3:30 PMBrazos |

Implantation and characterization of helium in nuclear materials at JannusSaclay (France)

Lucile BECK!, Patrick TROCELLIER, Sandrine MIR® Sylvain VAUBAILLON? Yves SERRUYS
ODEN-DMN-SRMRLaboratoire JANNUS, CEA, CEA Saclay, Gif sur Yvette 91191, France
@INSTNLaboratore JANNUS, CEA, CEA Saclay, Gif sur Yvette 91191, France

The Jannus facility was recently commissioned at €3aélay (France). The main goal of this project is to
investigate ion irradiation damage mechanisms, synergistic effects ofliaaiti irradiatia and ion beam modification of
materials. For that purpose, three electrostatic accelerators have been coupled in order to perform single, dual and triple
beam irradiations in a dedicated triple beam chamber [1]. In addition, the facility is equippé&donlities for ion beam
analysis. The complementarity of these techniques provides a relevant tool for implantation and characterization of helium
in nuclear materials.

The performance of structural materials in nuclear applications is strongly influeytlee presence of helium.
Helium can be produced in these materials by neutron reactions for fission reactors or by direct injection into the near
surface region of the first wall for fusion reactor. As a consequence, the study of helium interactionsseithaterials is
an important issue for present and future energy production reactors.

One of the means to study helium migration in ceramics and metals is to iftfgéot “He" by using ion beams.

After implantation and various temperature anneafidg profiles can be measured by nuclear reaction analysis using the
*He(d, pfHe reaction [2,3] antHe profiles by heavy ion ERDA using 15 Méf0 as incident particle. All these steps can
be now performed at the JANNUS platform. In this contributiba,facility will be described, and first results of helium
behaviour studies in SiC and Fe matrices will be presented.

[1] Y. Serruyset al., J. Nucl. Mater 38888 (2009) 967 970.

[2] S. Miroet al., J. Nucl. Mater 415 (2012} B2.

[3] H. Lefaix-Jeubnd, accepted for DIMAT proceedings (Dijon83uillet 2011)

TUE-IBAO5-5 #127- Contributed Talk Tuesday 3:30 PMBrazos |

lon Microscopy of Hydrogen retention in heavy metals

Katrin Peepér Marcus Mosér Patrick Reichatt Elena Marking Matej Mayef, Zhijie Jiad, Gary Wa3
Guenther Dollingér
Oinstitute for Applied Physics and Metrology, Universiteat der Bundeswehr, Munich, Germany
@EURATOM Association, MaRlanckInstitute for Plasma Physics, Garching, Germany
®Nuclear Enginegng and Radiological Sciences, University of Michigan, Ann Arbor, United States

Degradation of wall materials used in fission and fusion reactors due to extreme conditions and radiation is
investigated in order to develop improved materials. Hydrogeysg@ key role in metal embrittlement and is trapped at
various natural and ion induced defects.

We present detailed study of the hydrogen retention in heavy metals in 3 dimensions and its correlation with
structural features e.g. grain boundaries argtéots performed by protegurotonscattering at the proton microprobe
SNAKE. For low Z sample material like diamond, sensitivity of 5X&ficnt is possible, resolving hydrogen enhancement
even on grain boundaries of diamond [1]. High Z material is muale cmmplex to analyse due to strong background from
accidental coincidences induced by nuclear reactions.

We show that we obtain a sensitivity better than'>aticnf (~2atppm) is possible even for steel or tungsten. At
SNAKE with high proton energiepu t o 25 MeV we are able to analyse up to
MeV protons to study hydrogen distributions in 50 em Sta
samples under conditions, which mimic the conditiorfsifure fusion and fission reactors, blisters and cracks are created
in the neassurface layer due to hydrogémuced stress in the material. With-ggattering at SNAKE we are able to image
the damaged area and quantify the retained hydrogen.

[1] P. Reitart, et al. Science 306 (2004) 1537
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TUE-IBAO5-6 #222- Contributed Talk Tuesday 3:30 PMBrazos |

Elastic and Inelastic Neutron Scattering Cross Sections for Fission Reactor Applications

S. F. Hicks, L. J. Kersting, P. J. McDonough C. J. Luek®, A. J. Sigillitd", J. R. Vanho$; E. E. Petefs B. C. Cridef,
A. Kumar, M. T. McEllistrenf, A. Chakrabort; F. M. Prado€stevZ, S. W. Yate$®
®pepartment of Physics, University of Dallas, Irving TX 75062, United States
@Department of Physécand Astronomy, University of Kentucky, Lexington KY 40506, United States
®Department of Chemistry, University of Kentucky, Lexington KY 40506, United States
“Department of Physics, United States Naval Academy, Annapolis MD 21402, United States

Nuclear data important for the design and development of the next generation-efdightreactors and future
fast reactors include elastic and inelastic neutron scattering cross sections on important structural materials, auch as Fe,
on coolant material such as Na. These reaction probabilities are needed since neutron reactions impact fuel performance
during irradiations and the overall efficiency of reactors. While neutron scattering cross sections from these materials are
available for certain indent neutron energies, the fast neutron region, particularly above 2 MeV, has large gaps for which
no measurements exist, or the existing uncertainties are large. Measurements have been made at the University of
Kentucky Accelerator Laboratory to measungitron scattering cross sections on B8fe andNa in the region where
these gaps occur and to reduce the uncertainties on scattering from the ground state and first excited state of these nuclei.
Results from measurements Bife at incident neudn energies between 2 and 4 MeV will be presented and comparisons
will be made to model calculationsailable from data evaluators.

TUE-IBM05-1 #15- Invited Talk- Tuesday 8:30 AM Pecos Il

Using implantation and ion beam analysis methods to des quantitative figures of merit for interface
radiation response

Michael J Demkowicz Amit Misrd
“’Department of Materials Science and Engineering, MIT, roeld2, 77 Massachusett Ave., Cambridge MA 02139, United States
@center for Integrated Nanechnologies, Los Alamos National Laboratory, Los Alamos NM 87545, United States

lon implantation and ion beam analysis techniques have been indispensible in building a better understanding of
how grain boundaries and heterophase interfaces interaatagititiorinduced vacancies and interstitials as well as with
implanted gasses such as He. This talk will give examples of composite design for radiation resistance that was enabled by
ion implantation and ion beam analysis techniques.

This material is Bsed upon work supported by the Los Alamos LDRD program ar@ehter for Materials at
Irradiation and Mechanical Extremes, an Energy Frontier Research Center funded by the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences uddeard Number 2008LANL1026.
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TUE-IBM05-2 #409- Invited Talk- Tuesday 8:30 AM Pecos lI

Radiation Tolerance Interfaces

V_ShutthanandgrC Svoboda, S Vardney, S Manandhar, A Devaraj, A F Cohen, T F Kaspar, C M Wang,
A G Joly, R J Kurtz
Pacific Northwest National Laboratory, 902 Battelle Blvd, Richland WA 99352, United States

A systematic study of a wide range of interface types is underway to determine how variation in interface
properties such as misfitislocation density affect radiationdaced defect absorption and recombination. Epitaxial thin
films of metallic Cr, V and their alloys deposited on MgO(001) substrates were used as model systems. By controlling the
composition of GV alloys, the lattice mismatch with MgO can be adjustethat the misfit dislocation density varies
over a wide range. In this paper, we present our experimental results of application of heavy ion beam radiation to study
the stability of a well ordered interface between &/Giloy films and an oxide (MgQgubstrate. Three 100 nm thick-&r
alloy films with different compositions were epitaxially grown on an MgO substrate using the molecular beam epitaxy
method. lon radiation experiments have been performed on these films at 300 K using 1 Meis /Al nomal incidence
over fluences ranging from 0.3 to 300 dpa. The experimental conditions were selected in order to produce maximum
damage levels near the interface. The accumulation of damage in both film (Cr and V) and substrate (Mg) as well as the
depth pofiles of implanted gold ions have been investigated using Rutherford backscattering spectrometry in channeling
and random geometries with 2 MeV Hens. In general, the degree of disorder in th&/@AgO interface slightly
increases with increasing idiation damage, but the degree of disorder was far below the random level expected. There is
a clear correlation exists between the dislocation densities and the damage levels: the larger the misfit dislocation density
the lower the damage levels are £8h results show that the-ZMgO interface appears to withstand the high dose of gold
radiations.

TUE-IBM05-3 #405- Invited Talk- Tuesday 8:30 AM Pecos Il

Structure and Properties of the Y,;0O4/Fe Interface from First Principles Calculations

Samra Choudhury Christopher R Stanek, Blas P Uberuaga
Material Science and Technology Division, Los Alamos National Laboratory, Material Science and Technology Divis®nVI@ST
G755, Los Alamos NM 87545, United States

Nanostructured ferritic alloys (NF$) are considered excellent candidate materials for structural applications in
nuclear reactors as they exhibit exceptionally high creep strength due to the presence of highly stable nanometer sized Y
Ti-O oxide precipitates within the primarily iron matrNFAs have also shown particular promise for their high radiation
tolerance and ability to manage very high level of helium generated by transmutation reactions. It is believed that most of
the radiation tolerance and He management properties in NFeAissaat the metal/oxide interface. Thus an insight about
the atomic structure of the metal/oxide interface is critical in understanding the origin of the enhanced properties of this
material and ultimately designing new radiation resistant alloys.

Y 03 has also been shown to form nanoprecipitates in iron and is a simpler surrogate feritaepfecipitates.
In this work, we present the behavior of the interface between the iron matrix@gpdsihg density functional theory. In
particular, the atomic gicture of the interface will be presented. It was observed that, depending on the external partial
pressure of oxygen, a critical number of defeetson-vacancies and/or interstitial oxygensire essential in stabilizing
the metal/oxide interface. jportantly, the accommodation of these defects is very sensitive to the atomic structure of the
interface, being enhanced at misfit dislocations at the interface. We discuss the implications of He storage at thia interface
presence of such interfacial defs. Finally, we show the role of alloying elements, orientation relationship and interface
misfit dislocations on the atomic structure of the metal/oxide interface, and segregation energies of the alloying elements.
The insight gained in this researcloyides the fundamental scienrbased understanding needed to develop new NFAs
tailored to meet challenges in fission and fusion applications, including safer operation of the current fleet of light water
reactors.
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TUE-IBM05-4 #330- Invited Talk- Tuesdy 8:30 AM- Pecos lI

Radiation Response of Nanostructured Oxide Ceramics

Yanwen Zhant?, Tamas Vargh Philip Edmondsort, Sandra Mof, Vaithiyalingam Shutthanandmrun Devaral,
William J. Webet?
®oak Ridge National Laboratory, Oak Rjiel Tennessee, United States
@University of Tennessee, Knoxville Tennessee, United States
®pacific Northwest National Laboratory, Richland Washington, United States
(4)Department of Materials, University of Oxford, Oxford, United Kingdom
®)CEA /DMN, Sevice de Recherche de Metallurgie Physique, 91191 Gif sur Yvette, France

As the world increases its reliance on nuclear energy, there is ameneasing demand for radiatidolerate
materials that can withstand the extreme radiation environmentglisan reactors, accelerafoased nuclear systems, and
nuclear waste forms. Understanding radiation effects in nanomaterials is an urgent challenge, since it may hold the key to
unlock the design of tailored materials for advanced nuclear energy sySigins ceria (Ceg) and zirconia (ZrG) are
well known ionic conductors that are also isostructural with urania, plutonia, andlsad nuclear fuels. Understanding
role of nanograined structures under ion beam modification has, therefore, signifiphcation in advanced nuclear
energy systems.

Response of nanostructured Ge@d ZrQ to heavy ion bombardments has been investigated. Grain growth,
oxygen stoichiometry and phase stability of nanostructusttipilized cubic Zr@and CeQare investigted under ion
bombardment at 160, 300 and 400 K to doses up to 35 displacements per atom. The initial grains size of ~8 nm increases
with irradiation dose to a saturation value that is temperature dependent. Slower grain growth is observed in ZrO2 under
irradiation at 400 K irradiations, as compared to 160 K irradiation, indicating that thermal grain growth is not activated and
irradiationinduced grain growth is the dominating mechanism. Faster grain growth giCai3erved with increasing
temperatureindicating thermallyenhanced dynamics. Significant loss of oxygen in hanocrystallingstiggests an
increase of oxygen vacancies under ion irradiation and the oxygen deficiency may be essential in stabilizing the cubic phase
to larger grain sizes. Theedimensional distribution of oxygen along grain boundaries and grain interiors in nanocrystalline
ZrO,as a function of irradiation is evaluated using atom probe tomography. Although grain growth is Qles@rved
with increasing irradiation dose, n@sificant change of stoichiometry is observed, which may be due to stability of the +4
valence state.

TUE-IBM05-5 #374- Invited Talk- Tuesday 8:30 AM Pecos Il

In-situ Observation of Point Defect Cluster Formation in Irradiated Nanocrystalline Iron

Mitra L Tahert, Greg A Vetterick, Chris M Barf, Jon Kevin Baldwif, Khalid Hatta?, Marquis Kirk, Pete Baldg
Amit Misra’
WMaterials Science and Engineering, Drexel University, 3141 Chestnut Street, Philadelphia PA 19104, United States
@Cente for Integrated Nanotechnologies, Los Alamos National Laboratory, Los Alamos NM 87545, United States
®lon Beam Laboratory, Sandia National Laboratories, Albuquerque NM 87185, United States
@)VEM-Tandem Facility, Argonne National Laboratory, Argonnés0439, United States

Despite extensive study, a fundamental understanding of how point defects contribute to radiation hardening,
swelling, and radiation induced segregation (RIS) in ferritic steels is still lacking. Among these materials arenférritic a
ferritic/martensitic alloys such as HIand ODS steel which are being developed for future fusion and advanced fission
reactors. Understanding and predicting the behavior of the complex microstructure of these materials is essential to the safe
operaton of the reactor over its 3D year lifetime. Using ion beam irradiation, the effects of radiation damage incurred
over the life of the reactor may be studied on laboratory time scales. An ion accelerator coupled with a transmission
electron microscopegpmits the direct observation of dislocation loop formation under irradiation. In doing so, one may
study the effect of high sink density on the annihilation of point defects on length scales beyond those observed in
molecular dynamics simulations.
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Thiswork presents the use of-situ irradiation of nanocrystalline iron as an analogue for high sink density ferritic
reactor steels in order to understand the contribution of the high grain boundary sink density found in these alloys to the
behavior of the raterial under irradiation. The microstructure of nanocrystalline iron deposited by physical vapor
deposition is a dense network of grain boundary sinks in an otherwise clean microstructure, allowing a systematic study of
the aggregation of point defect stars as a function of grain size. Fetanding nanocrystalline Fe films have been
irradiated to approximately 5dpa at 300°C using 1Me¥ Kms at Argonne. Dislocation loops in nanocrystalline iron
displayed strong size dependence with grain sizepsewhanisms responsible for such behavior have been observed.

Sandia National Laboratories is a mydtbgram laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Ma rsNational BuwleapSecuaty i on ,
Administration under contract BEC04-94AL85000.

TUE-IBM05-6 #376- Contributed Talk Tuesday 8:30 AM Pecos lI

Effect of interface spacing on radiation damage tolerance of metallic nanolaminates

Rama Sesha R VemuhArun Devaraj, Tamas Varga, Shutthanandan Vaithialingam, Chongmin Wang,
Thevuthasan Suntarampillai, Charles H Henager
Enviromental molecular sciences laboratory, pacific northwest national laboratory, Box 999 3335 Q ave ME&ENikBland wa
99354, Unite States

Recent discovery and research indicate that materials can be designed to have higher radiation damage tolerance
by building nanoscalemultilayered structures with an optimized interface spacing to increase point defect recombination
relative toa nonlayered structure and that can dedfal. In this study, we investigate whether scaling down the interface
spacing to nano dimensions has effect on radiation damage mitigation in miscible metallic and metahetialide
multilayer systems. Ti/Al ah TiN/Al multilayers (total stack thickness ~ 400nm) with varying interface spacing were
fabricated by using DC magnetron sputtering with optimized growth parameters to achieve high quality films. These films
were irradiated using 1IMeVAu ions and 30KeV ides at fluencies of 1E15, 1E16 and 1E17 iondfanemulate the
radiation damage with heavy and light ions. The interface and crystal lattice damage, amorphization, and defect density
were studied as a function of layer spacing and type of ion by udimgriard backscattering spectrometry, transmission
electron microscopy and atom probe tomography.

TUE-IBM05-P1 #328- Poster Tuesday 5:30 PMRio Grande

Influence of native silicon oxide on formation of surface structures on singlerystalline silicon under the
irradiation by high power ion beam nanosecond duration

Vladimir S. Kovivchak Tatjana V. Panova, Oleg V. Krivozubov, Nadim A. Davletkildeev, Egor V. Knjazev
Physics Department, Omsk State University, Pr. Mira 55a, Omsk, Russia

The surface @mage of silicon caused by the high power ion beam (HPIB) ) irradiation was investigated. It was
established that the irradiation by a single HPIB pulse with a current density exceeding 2Qafghich no intense
melting on the surface layer takes @ateads to the formation of surface structures with various shapes, from involved
curves to stars with wedge like "rays" outgoing from a common center. The observed complicated surface structures were
interpreted as a frozen state of the convective flaused by the development of instability in melted silicon with native
oxide thin film. The surface damage of silicon caused by HPIB exhibits a more complicated character and differs
significantly from a laser pulse induced damage. This difference isdqietearily to the volume character of energy
deposition in a near surface layer and the implantation of impurities during ion irradiation. This investigation showed
evidence that a native oxide layer plays a determining role in the formation of surfeteres on single crystalline silicon
under the action of a HPIB nanosecond duration.
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TUE-IBM05-P2 #332- Poster Tuesday 5:30 PMRio Grande

Features of surface morphology of polycrystalline bismuth irradiated by high power ion beam

Vladimir S. Kovivchak Tatjana V. Panova, Kirill A. Mikhailov
Physics Department, Omsk State University, Pr. Mira 55a, Omsk 644077, Russia

Specific features of surface relief formation on a polycrystalline bismuth target under the action of a high power
ion (protorrcarbon) beam (HPIB) of nhanosecond duration have been studied. Local melt extrusion from subsurface layers
and its crystallization on the surface is observed, which is explained by a significant (3.35%) thermal expansion of bismuth
during the transition frorfiquid to solid state. The presence of extruded and solidified material on the surface of a bismuth
target exposed to HPIB pulses indicates that crystallization of the ion beam melted layer begins simultaneously at both the
melt-solid and vacuurmelt intefaces. As is known, the process of crystallization requires removal of a latent heat from
the interfacial region. The heat of crystallization liberated at the moving boundary between liquid and solid phases is
removed by heat exchange with the substite. heat of crystallization liberated in the surface layer can also be removed
by thermal radiation, but this contribution in the case under consideration is insignificant because of a relatively low
temperature of the heated surface layer. It is prolthbtea significant short term over cooling of the melted surface layer
can also take place immediately after termination of the irradiation pulse because of the intensive vaporization of bismuth,
which has a high vapor pressure even at relatively low teatyes (~10 Pa at 575°C). However, this assumption requires
additional verification.

TUE-MAO05-1 #17- Invited Talk- Tuesday 8:30 AM Pecos |

The Northern lllinois and Loma Linda University Proton CT Project

George CoutrakdnVictor Rykalirf, Renhard Schulte Viadimir Bashkirod, Ford Hurley, Vishnu ZutsHi,
Nicholas Karoni§ Hartmut Sadrozinski
Wphysics, Northern lllinois University, LaTourette Hall 202, DeKalb IL 60115, United States
@Radiation Medicine, Loma Linda University Medli Center, 11234 Anderson St., Loma Linda CA 92354, United States
®santa Cruz Institute of Particle Physics, University of California at Santa Cruz, 505 High St. , Santa Cruz CA 95068dieged

Since 2009, Northern lllinois University has collagied with Loma Linda University Medical Center and UC
Santa Cruz to build the first large area (9 x 18 cm) proton CT scanner. In 2011, the first 3D images of a 14 cm spherical
phantom were reconstructed using this first generation scanner. The scamcenstaucted with 4 planes ofKsilicon
strip detectors and a segmented Csl calorimeter operating at a maximum particle data rate of 20 KHz. In this paper, we
present details of the scanner hardware, calibration procedures, and method of image ¢geondtvork is currently in
progress to build a 2nd generation scanner wich will be capable of imaging an entire adult head in less that 10 minutes with
up to 1 billion proton events. Highlights of this design and recent progress will heresemted.
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TUE-MAO05-2 #337- Invited Talk- Tuesday 8:30 AM Pecos |

A Double Photomultiplier Compton Camera and its Readout System for Mice Imaging

Cristiano Lino Fontari&, Kostiantyn AtroshchenRd, Giuseppe BaldaZzi, Michele Bell§, Nikolay Uzunov®,
Giovanni Di Domenich®
Bphysics Department "Galileo Galilei”, University of Padua, Via Marzolo 8, Padova 35131, Italy
@physics Department, University of Bologna, Viale Berti Pichat 6/2, Bologna 40127, Italy
(3)Department of Natural Sciences, &fen University, 115 Universitetska str., Shumen 9712, Bulgaria
@physics Department, University of Ferrara, Via Saragat 1, Ferrara 44122, Italy
®INFN Padova, Via Marzolo 8, Padova 35131, Italy
©INFN Legnaro, Viale dell'Universita 2, Legnaro PD 3508aly
(MINFN Bologna, Viale Berti Pichat 6/2, Bologna 40127, Italy
®INFN Ferrara, Via Saragat 1, Ferrara 44122, Italy

We have designed a Compton Camera (CC) to image thgidtidbution of gammaemitting radiopharmaceuticals
in mice. A CC employs th&electronic collimation”, i.e. a technique that traces the gamaysinstead of selecting them
with physical lead or tungsten collimators. To perform such a task, a CC measures the parameters of the Compton
interaction that occurs in the device itself.l8ast two detectors are required: one (tracker), where the primary gamma
undergoes a Compton interaction and a second one (calorimeter), in which the scattered gamma is completely absorbed.
Eventually the polar angle and hence a "cone" of possible maitiie@ctions are obtained ( event with “incomplete
geometry").

Different solutions for the two detectors are proposed in the literature: our design foresees two similar Position
Sensitive Photomultipliers (PMT, Hamamatsu H8500). Each PMT has 64 ougputedt that are reduced to 4 using a
charge multiplexed readout system, i.e. a Series Charge Multiplexing net of resistors. Triggering of the system is provided
by the coincidence of fast signals extracted at the last dynode of the PMTs. Assets aretse dow the simplicity of
design and operation, having just one type of device; among drawbacks there is a lower resolution with respect to more
sophisticate trackers and full 64 channels Readout.

This paper does compare our design of ourliama CC tmthers solutions and shows how the spatial and energy
accuracy is suitable for the inspection of radioactivity in mice.

TUE-MAO05-3 #197- Invited Talk- Tuesday 8:30 AM Pecos |

Calibration and Operational Data for a Compact Photodiode Detector Usefidor Monitoring the
Location of Moving Sources of Positron Emitting Radioisotopes

Maryn Grace MarslarldMorgan Patrick Dehn&l Stefan Johanssrloseph TherodxTue Christensén
Thomas Maxwell StewdrtCraig Hollinget, Olof Solirf, Johan Rajndef
®D-Pace, Inc., PO Box 201, Nelson BC V1L5P9, Canada
@Turku PET Centre, Abo Akademi University, Porthansgatan 3, Turd20500, Finland

D-Pace has developed a compact-@ffgctive gamma detector system based on technology licensed from
TRIUMF [1]. These photodiode detectors are convenient for detecting the presence of positron emitting radioisotopes,
particularly for the case of transport of radioisotopes from a PET cyclotron to hotlab, or from one location to another in an
automated radio@mistry processing unit. This paper describes recent calibration experiments undertaken at the Turku
PET Centre for stationary and moving sources of F18 and C11 in standap$séthe practical diagnostic utility of using
several of these devices tadk the transport of radioisotopes from the cyclotron to hotlab is illustrated. For example, such
a detector system provides: a seuantitative indication of total activity, speed of transport, location of any activity lost
enroute and effectivenessfoflow-up system flushes, a means of identifying bolus brggakeedback useful for deciding
when to change out tubing.

[1] S.K. Zeisleret al, A Photodiode Radiation Detector for PET Chemistry ModulesAppl. Radiat. Isot., Vol.

45, No. 3, pp. 37-B78, 094.
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TUE-MAO05-4 #477- Contributed Talk Tuesday 8:30 AM Pecos |
In-Situ PET Scanning for DepthDose Verification

Richard Levy
Advanced Beam Cancer Treatment Foundation, PO Box 2356 (887 Wildrose Circle), Lake Arrowhead CA 92352, United States

Depthdose distribution within patients can be calculated with fairly good reliability for protons, by correlating
tissue stoppingpower algorithms with measured electiensity data obtained from treatmgatdnning CT scans.
However, similar range calculans for heavier ions in heterogenous tissue may be more problematic, especially with
ongoing treatmentelated density changes in both normal and target tissues. As effective treatment with heavier ions may
require very heterogeneous physical dose digtions to deliver uniform biequivalent doses calculated from vokalsed
RBE modeling, greater certainty of the dedtise distribution is of crucial importance. Here, PET imaging with the patient
in treatment position can be used to verify range acguaad/or to adjust beam energy more precisely. A variety of
positroremitting isotopes of carbon and/or oxygen are produced by the interaction of the heavier ions with the patient
tissues, or these isotopes can be produced by transiently interposintjiarbditter in the beam path. Imaging these
shorthalf-life species in situ as an immediate precursor to treatment can serve as a very valuable method for range
verification and/or bearenergy adjustment.

TUE-MAO05-5 #478- Contributed Talk Tuesday 80 AM - Pecos |
Current Status of Beam Scanning and Dealing with Organ Motion

Richard Levy
Advanced Beam Cancer Treatment Foundation, PO Box 2356 (887 Wildrose Circle), Lake Arrowhead CA 92352, United States

Beam scanning utilizes two unique projestof heavy charged particles: (1) they can be laterally deflected
precisely by magnets linked to modulating power supplies; and (2) their range can be modified precisely by adjusting their
kinetic energy. This technique has proved especially usefutriimgiat irregularly shaped target volumes in close
proximity to critical normal tissues, while concurrently producing sharper lateral dosdf fatid minimizing secondary
neutron productionScanning strategies employed have includedatefshoot sposcanning (wherein the ion beam is
turned off transiently as it is moved between adjacent voxels), and digitized Raster scanning (wherein the beam is deflected
continuously between adjacent voxels). As the lateral penumbra of the beam decreases vaithgmess of the particle,
it is of crucial importance to integrate the specific lateral dose penumbra in the treplamsitig algorithm.Even slight
movement of physiologically mobile targets (e.g., liver, lung) can introduce potential hot or cal@tspositions of
transient spatial overlap or offset of adjacent voxels. Potential solutions includegbgagin sync with respiratory phase,
multi-painting the fields, and active online tracking of the position of the target volume.

TUE-MAO5-P1 #190- Poster Tuesday 5:30 PMRio Grande
The ERHA (Enhanced Radiotherapy with HAdrons) project beam delivery system

Annarita Lacalamitq Vincenzo Dimiccofi, Vincenzo Variald Antonio Cosimo Raind
Wpepartement of Physics Bari University, Bariiersity, Via Amendola 173, Bari 70126, Italy
@tel Telecomunicazioni, Itel Telecomunicazioni, Via Labriola 39, Ruvo di Puglia 70037, Italy

®@INFN, BaINFN, Via Amendola 173, Bari 70126, Italy

A new proton therapy beam delivery system has been dtirdenew project called ERHA. It is characterized by
an active scanning system which irradiates target with a pencil beam. The challenge of this project is the linear accelerator
and the Robotized Patient Positioning System instead of the traditionigl. getre transport guide, the scanning system
and the moving target are described.
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TUE-MAO05-P2 #252- Poster Tuesday 5:30 PMRio Grande

Two Dimensional Beam Monitor System

Augustine Eifong Chen, Siouyin Car, Peirong Tsal, Yawen Tsdl, Pingkun Tend, Ming-lee Chd,
Fuxiong Changj Chunghsiang Wanj Chiwen Hsief, Ting-shien Duh, Jenghung Leé, Tsichian Chad
Shujhen Daf, Chungchi Leé€, Chuangiong Tung, Chih-hsun Lirf
Oinstitute of Nuclear Energy Research, Lttag, Taiwan
@Medical Imaging and Radiological Sciences department, Chang Gung Universitsg [imeYuan, Taiwan
®Electrical Engineering department, National Chiayi University, GijaT aiwan

@Institute of Physics, Academia Sinica, Taipei, Taiwan
®physics Department, National Central University, Jdingaiwan
©0ptical Engineering Department, National United University, Miad aiwan

A simple two dimensional beam monitor system has been constructed based on ionization chamber technology.
PCB with segmented strips or pads serves as measurements in space. Designs of related electronics are based commercial
available products. Chambers with different strip widths are tested with proton and electron beams. Their performances
are as expectedn practice, broad field method used in proton therapy usually implies low current density which means
small signals to our system. High gain or current integrator electronics are preferred. The other Pencil Beam Scan method
means high current densitpcfast scan, such that less gain and DAQ rate greater than 20,000 Hz electronics is necessary.
System with pad has been tested with@Dosource as dose calibration. Our system is still under developing to meet needs
from proton therapy.

TUE-MAO05-P3 #327- Poster Tuesday 5:30 PMRio Grande

Evaluation of Image Reconstruction Methods for Compton SPECT Camera in Incomplete Geometry

Cristiano Lino Fontarld, Giuseppe BaldaZZi, Michele Belld, Dante Bollinf, Giovanni Di Domenic%,
Giuliano Moschini*’, Nikolay UzunoV®, Gianluigi Zamp3 Nicola Zamp3 Paolo Rossi*
Wphysics Department "Galileo Galilei”, University of Padua, Via Marzolo 8, Padova 35131, Italy
@physics Department, University of Bologna, Viale Berti Pichat 66lydha 40126, Italy
®INFN Bologna, Viale Berti Pichat 6/2, Bologna 40127, Italy
@INFN Padova, Via Marzolo 8, Padova 35131, Italy
®INFN Trieste, Via Valerio, 2, Trieste 34127, Italy
©INFN Ferrara, Via Saragat 1, Ferrara 44122, Italy
MINFN Legnaro Viale dell'Universita 2, Legnaro PD 35020, ltaly
®physics Department, University of Ferrara, Via Saragat 1, Ferrara 44122, Italy
®Department of Natural Sciences, Shumen University, 115 Universitetska str., Shumen 9712, Bulgaria

A "Compton Camera" ian X-ray detector that can trace the photon trajectory by measuring the parameters of the
Compton interaction occurring inside the device. This technique is known as "electronic collimation," since a real
collimator is not needed. The Compton Camera st&isif two positiorsensitive Xray detectors. In the first detector
(tracker) the photon undergoes a Compton interaction, whose position and deposited energy are measured. In the second
detector (calorimeter) the scattered photon is completely absorbexjaim position and energy are measured. Having
these measurements, with no information about the recoiled electron in the tracker, only the scattering polar angle can be
deduced. Hence only a cone of possible incoming trajectories can be defined. A teahperforms such trajectory
reconstructions without the measurement of the electron velocity is assumed to work icdahedstincomplete
geometry."

In the Laboratory for Radiopharmaceuticals and Molecular Imaging (LRMI) we have designed a Ccanpeos
to perform SPECT (Single Photon Emission Computed Tomography) on small animals, treated wjthaad#&ceuticals.

The camera dimensions, the object dimensions, as well as thetobjachera distances are of a comparable size, which is
quite different from the large distance pathways in the case of image reconstructions with Compton cameras, used for
astronomy applications.
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We have developed an algorithm that performs a reconstruction of the spatiatbimution of the
radiopharmaceuticalsytemploying the Compton Camera information about the incoming "cones" (in incomplete
geometry). The reconstruction can be performed selecting one of the tomographic methods: FilteRrdjBeitn (FBP)
and Penalizedlikelihood Reconstruction (PLR). A GENT4 simulation of the apparatus to test the different methods and
the feasibility of our approach has been developed. A comparison between the reconstruction algorithm exploiting FBP and
PLR has been conducted.

TUE-MAO05-P4 #402- Poster- Tuesday 5:30 M - Rio Grande
Feasibility Tests of a Dual Modality System for Imaging Using Gamma Rays and NIR Light

Nikolay Uzunov?, Kostiantyn AtroshchenRg, Yanka BaneviMichele Belld, Matteo De Rosa
Cristiano Lino Fontarfa, Giuliano Moschint®, Paolo Ros<i®
(1)Department of Natural Sciences, Shumen University, 115 Universitetska str., Shumen 9712, Bulgaria
@INFN Padova, Via Marzolo 8, Padova 35131, Italy
®INFN Legnaro, Viale dell'Universita 2, Legnaro PD 35020, Italy
@Department of Physicand Biophysics, Medical University, Varna, Bulgaria
®Physics Department "Galileo Galilei”, University of Padua, Via Marzolo 8, Padova 35131, Italy

A dual system for smaknimal imaging, compounded by a higpatial resolution gammeamera and a scaer
for NearInfra-Red(NIR) light is under development. The gameamera is assembled from a positBEmsitive
photomultiplier and segmented YttriuAluminum-Perovskite(YAP) scintillatiorcrystal with a parallehole collimator.

This system performs gamnnay images as well as caméoaobject distance measurements using theadled tilted
collimator(TC) technique. The imagirgystem for NIR light can perform object scanning in the interval of 960nm
1700nm. It is based on InGaAs ansgnsor Hamamatsu @93-256D and is designed for nealpbject scanning. A first

mode of scanning is performed in transmitted lineadiarized NIRIight, traversed through the scanned object. Five
fixed-wavelengths LighEmitting-Diodes of NIRIlight are used. The scanning pess is realized by a consecutive
repositioning of the NIRsensor. In a second scanning mode the fluorescence emission of nanoparticles, sueh as single
walled carbon nanotubes(SWCNTSs) administrated in the imaged object, is excited using differevavdsegths:
705nm,785nm,808nm and 830nm.

Assessments on sensitivity, energy and spatial resolution of the geaameaia have been conducted. The spatial
resolution at different cameta-object distances, have been studied using spedaligned phantoms:parallel
capillary-system filled with a solution of T89m and volumetric phantoms containing9@mfilled cavities with different
shapes and dimensions. The N€anner spatial resolution has been determined along two perpendicular directions using
USAF1951 resolutiorstandard, placed at different distances from the sensor. Experiments on the sensitivity to the
concentration of opticadctive agents at different wavelengths have been conducted. The results indicated that both NIR
scanningsystem and thgammacamera possess good imagpeyameters and can be applied for multimodality studies.

TUE-MAO06-1 #489- Invited Talk- Tuesday 1:00 PMPecos |
Proton Therapy for Pediatric Cancer: Current status and ongoing issues

Anita Mahajan
Radiation Oncadgy, MD Anderson Cancer Center, 1515 Holcombe Blvd. Unit 097, Houston TX 77030, United States

Proton radiotherapy (PRT) is a powerful tool in the management of cancer in children. Because of the physical
characteristics of the proton beam interactidysically there is a lower dose delivered to the uninvolved normal organs
that are close to the target area. The potential benefit of a lower integral dose to the body of the patient may lead to a
reduction in both acute and late toxicities.

The delivey of radiotherapy to children can be challenging for many reasons: 1) young children are unable to
cooperate for the radiotherapy delivery; 2) immobilization devices may not fit the smaller size of the child; 3) most
pediatric cancers require multidiséipdry care requiring clear communication with other care providers; 4) the spectrum of
pediatric cancer diagnosis is quite different than the typical adult cancers; 5) children are more sensitive to radiotherapy
long term follow up is required to moaitand address late effects if they occur.
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The issues listed above need to be recognized for any radiotherapy delivery, but some are of additional importance
for proton therapy. The neutron scatter that occurs in the room and in the patient may leaivepactrin a child.
Inadequate immobilization will lead to more dose disturbance and uncertainties for PRT than XRT. Uncertainty margins
that are required to account for appropriate PRT planning can be large relative to the size of a small chilssu€hese
must be recognized when developing a program for pediatric PRT. They should be acknowledged when creating a
treatment plan to have a realistic approach that can have the optimal outcome.

There is growing evidence that PRT yields equivalent tesolXRT with regards to tumor control. Ongoing
efforts are required to monitor these patients to confirm the reduction of late effects.

TUE-MAO06-2 #479- Contributed Talk Tuesday 1:00 PMPecos |
Summary of Ongoing Clinical Protocols for Proton and Heavier-lon Therapy

Richard Levy
Advanced Beam Cancer Treatment Foundation, PO Box 2356 (887 Wildrose Circle), Lake Arrowhead CA 92352, United States

Since 1954 when the very first patient was treated at LBNL with helagged particles, some 84(0patients in
total have now been treated with protons, and another 13,000 patients have been treated with carbon and other heavier ions.
During the first several decades of this endeavor, particle therapy was accessible only at a small number ofMorgrams.
recently, however, this therapy has become available at a rapidly increasing number of facilities worldwide. This expansion
of the discipline has led to the development of many more clinical trials, designed to optimize-paailéherapy and to
compare the results achieved with those resulting from other treatment methods.

Presently, more than 50 clinical protocols worldwide are actively involved in the effort to improve our
understanding of these clinical guidelines. The purpose of this priéseritato offer a broad overview of these protocols,
highlighting the specific disease categories that are now being studied using proton and/cidretheeapy, and how the
parameters of dosescalation, beam conformity, and RBE modeling are beiafyiated for various disease sites and
stages.

TUE-MAO7-1 #86- Invited Talk- Tuesday 3:30 PMPecos |

Current Status and Future Prospects for Carbon lon Therapy at NIRS

tadashi_kamada
Research Center for Charged Particle Therapy, National InstdfiRadiological Sciences; %1 anagawa, inagevard,
Chiba 2638555, Japan

Carbon ion radiotherapy (CIRT) is a unique radiotherapy, which possesses well localized, and superior depth dose
distribution in addition to less repairable radiobiological effethe use of CIRT for various diseases has been explored as
clinical trials at the Heavy lon Medical Accelerator in Chiba (HIMAC), Japan. Since 1994, when the first clinical study of
cancer therapy with carbon ion beams was started, about 50 clinidakdtage been completed safely and effectively.

These studies revealed that intractable cancers such as inoperable bone and soft tissue sarcomas can be cured and so can b
cancers in the head and neck, lung, liver, pancreas, prostate, and postoperativequetence of rectal cancer in a safe

manner in a shorter overall treatment time. The number of patients receiving CIRT has reached 6,500 and the therapy was
approved as a highly advanced medical technology in 2003. Based on these experiences,ked emba research and
development of a new generation beam delivery facilities such assa&8iding method with a pensil beam and a compact

rotating gantry. A clinical research using the pensil beam scanning was in operation since May 2011.
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TUE-MAOQ7-2 #462- Contributed Talk Tuesday 3:30 PMPecos |

Particle Therapy at the Heidelberg lon Therapy Center: Clinical Concepts, Research Approaches and
Networking within a European Framework

Stephanie E. Combdirgen Debus
Department of Radiation @ology, Heidelberg University Hospital, Im Neuenheimer Feld 400, Heidelberg 69120, Germany

Particle therapy as an innovative and relatively new technique is of increasing interest in radiation oncology.
Compared to standard radiation therapy (RT) witbtphs, the main advantages lie in the distinct physical characteristics
of particles enabling a more precise dose delivery to the. Heavier ions, such as carbon ions, additionally offer distinct
biological characteristics leading to an increase in reldivigical effectiveness (RBE). For several further indications,
clinical results of particle therapy have been shown to be beneficial. For others, clinical trials are required tedefae th
of particle therapy in their treatment.

While proton therpy is more widespread, especially in the United States, carbon ion radiotherapy was only
available in Japan and Germany. Beginning in 1997, treatment was performed at the Gesellschaft fur
Schwerionenforschung (GSI) in Darmstadt, and since November 26a8nént is available at the Heidelberg-Beam
Therapy Center (HIT. Other European Centers will take up clinical operation. Recently, the CNAO in Pavia, Italy, started
patient treatment.

Since several European particle therapy initiatives are undermegirece clinical data, still remains scarce, the
logical consequence is to combine all efforts in the field of particle therapy and to generate a common platform for all
patients treated with particle beams. Therefore, within the transnational accegypiiatAf the ULICE project (Union of
Light lons Centers in Europe) funded by the European Commission, the generation of a common database has been a main
focus. Additionally, training opportunities are available in a parallel Matige-Project- PARTNER, also funded by the
European Union. Beamtime is availbale for experimental work within these frameworks.

A HIT, currently 12 clincial rials are recruiting patients for several indications (see: www.ClinicalTrials.gov), and
prospective evaluation of aicial and preclinical data is underway.

TUE-MAOQ7-3 #245- Invited Talk- Tuesday 3:30 PMPecos |
Particle radiotherapy for patient with hepatocellular carcinoma

Masao Murakanlj Kazuki Terashinfa Yusuke Demizt) Naoki Hashimot Dongcun Jify Masayuki Aray3
Masayuki Mim&, Osamu Fujfi, Yasue Niw4 Nobukazu Fuwa
®Radiation Oncology, Dokkyo Medical University, 880 Kitakobayashi, Milchi, Shimotsuggun Tochigi 3210293, Japan
@Radiology, Hyogo lon Beam Medical Cente2-1, Kauto, Shingecho, Tatsuno Hyogo 678165, Japan

The HIBMC is the world's first institution capable of applying both proton (PRT) and carbon ion radiotherapy
(CIiRT). More than 4,600 patients have been treated since its opening in 2001, and about 880ithtieepatocellular
carcinoma (HCC) have been treated. Recently, we published 3 papers dealing with the treatment results of HCC. In the first
paper ofCancer117:4890904,201] 343 consecutive patients, including 242 who received PRT and 101 who deceive
CiRT, were treated on 8 protocols of PRT (52480 GyE / 438 fr) and on 4 protocols of CiRT (527%.0 GyE / 420 fr).
The 5year local control (LC) and overall survival (OS) rates for all patients were 90.8% and 38.2%, respectively.
Regarding PRT an@iRT, the 5year LC / OS rates were 90.2% / 38% and 93% / 36.3%, respectively with no significant
difference between the 2 therapies. No patients died of treatelated toxicities. In the second papeBof) Surg 98:
558564, 2011 we confirmed thatfyear LC / OS rates were 92.3 % / 50.9% in 150 patients with a single HCC smaller
than 5 cm in diameter. In the third papesubmitting, we compared the results of particle radiotherapy in140 patients
with HCC as a firstine treatment with the other trsaents of surgical resection and radiofrequency ablation (RFA). We
confirmed that OS rates of 71.6% at 4 years for <3 cm tumors were comparable to those of RFA and 66.7% at 5 years for
operable stage was superior to, and more 46.7% at 5 years for inepsegjd was comparable to those of surgical
resection. We concluded that particle radiotherapies may represent innovative alternatives to conventional local therapies
for HCC regardless of sorts of ions. We are now going on a prospective randomizeditdiifta HCC between PRT
and CiRT.
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TUE-MAOQ7-4 #116- Invited Talk- Tuesday 3:30 PMPecos |

Acute Toxicity of Carbon-ion Radiotherapy for Localized Prostate Cancer at the Gunma University
Heavy-ion Medical Center

Yoshiyuki Suzuki, Hiroyuki Katoh', Hitoshi Ishikawd Takuya Kaminuma Tomoaki TamaRj Katsuyuki Shirdi
Hiroshi Matsut, Tatsuya Ohrip Kazuto 1td, Kazuhiro SuzuKj Takashi Nakario
®Gunma University Heavipn Medical Center, Gunma University;38-22, Showamachi,, M@&bashi 3718511, Japan
@Department of Urology, Gunma University Graduate School of MediciB6;22, Showamachi,, Maebashi 3718511, Japan

<Objection> Carboiion radiotherapy (€Gon RT) has been started at the Gunma University Heaviviedical
Centerin March 2010. This time, we evaluated the acute toxicity-mfrCRT for localized prostate cancer.

<Materials and Methods> Severdix patients with T¥NOMO prostate cancer were treated witio@ RT
between March 2010 and January 2011. The ghestdose of Gon RT was 57.6 GyE in 16 fractions over 4 weeks.
Seven patients (9%) receivedi@h RT alone, and the other 69 patients (91%) received a combination therajgmoRT
and androgen deprivation therapy. Common Terminology Criteria foesdvEvents v4.0 were used for evaluating acute
toxicities (the worst degree of toxicity experienced within 90 days after the initiation of therapy was computed for each
patient.) All 76 patients completed the treatment as planned and the-fglofd0days.

<Results> Neither grade 3 nor severer acute toxicity at the gami@ry system and the rectum was observed.
Three patients (3.9%) presented with grade 2 acute toxicity at the-geniaoy system and the other patients presented
grade 01 acue toxicity at the genitairinary system and/or recturny other acute toxicity was not seen in all patients.

<Conclusion> With regard to acute toxicity, 57.6 GyE in 16 fractions over 4 week&of T for localized
prostate cancer is well tolerateBurther followup is ongoing to evaluate the late toxicity and the efficacy-mh(RT.

TUE-MAOQ7-5 #72- Contributed Talk Tuesday 3:30 PMPecos |
Construction of SAGA HIMAT for Carbon lon Cancer Therapy

Sho Kudg Yoshiyuki Shioyama, MasahironBo, Mitsutaka Kanazawa, Hirohiko Tsuijii, Tadahide Totoki
lon Beam Therapy Center, SAGA HIMAT Foundatie802-3 Hondorimachi, Tosu Saga 841033, Japan

The SAGA HIMAT (Saga Heavy lon Medical Accelerator in Tosu) is now under construction in Bagu, S
Prefecture, Japan and will become the fourth carbon ion cancer therapy center in Japan. The facility locates at the cross
point of railroads and high ways.

The project has been based upon a collaborative effort among the Saga prefectural govegiorltindustries
and universities in Kyushu District. The project started in 2008, and the completion of construction will be in October 2012.
Then, after several months of beam tests and measurement of dose distribution it will open sometimen thfe26ds3.
At present, the ion beam therapy is not covered by the medical insurance system in Japan, and its cost should be paid by the
patients. However, many companies sell medical insurance products to cover it.

The facility has no beds and all thetipats will be treated as oplatients. There are three treatment rooms, where
the first one is equipped with horizontal and 45° obliqgue beam lines, the second has horizontal and vertical beam lines, and
the third is for future preparation of scanning betativery. The maximum beam energy is 400 MeV/u and maximum
beam intensity is 1.3x2@ps. We are planning to treat about 200 patients in the first year then to increase the number up to
>800 per year in the near future.

We will collaborate with the thregreceding carbon ion beam institutes in Japan, including National Institute of
Radiological Sciences to obtain the technical assistance and training of the personnel. We also collaborate with the
universities and medical centers in Kyushu area to geqiatients referral.
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TUE-MAOQ7-6 #212- Invited Talk- Tuesday 3:30 PMPecos |

A Prefectural Plan to Install "i -ROCK" (lon -Beam Radiation Oncology Center in Kanagawa) at
Kanagawa Cancer Center

Tetsuo Nonakia Yuko Nakayami Nobutaka Mizoguchj Miho Shiomt, Shinichi Minoharg Yohsuke Kusarfo
Makoto Akaiké, Osamu Kobayashi
WRadiation Oncology, Kanagawa Cancer Centell-2 Nakao, Asakku, Yokohama, Japan
@Radiotherapy Quality Assurance, Kanagawa Cancer Cent#s2 Nakao, Asakku, Yokohama, Japan
®)Kanagawa Cancer Center;1:2 Nakao, Asakku, Yokohama, Japan

Kanagawa Cancer Center (KCC) is preparing to install a heavy charged particle (carbon ion) radiotherapy system
and start its operation as the fifth heavy ion radiotheragijitfein Japan. The project of installation Kyeam Radiation
Oncology Center in Kanagawa;ROCK", started in 2004 at KCC, and the basic frame work and desiR@ECK were
completed in 2010. The final detail designs of the facility and building@secarrying out. The location of this center
benefits from an excellent and efficient public transportation network covering the entire area of Kanagawa Prefecture and
extending into Tokyo Metropolitan District. The KCC stands at an ideal location favireceutpatients from local,
regional, and even distant areas. One of the major missions of the forthcoming radiotherapy facility is to provide the latest
medical treatment in an outpatient setting. This facility will be managed and operated in clesattmopnd coordination
with other department in the KCC, with the help of its cancer specialist surgeons, who will desipvéighedical
treatment for various types of cancer. The combinatiorREDCK and the higiprecision radiation therapy unit§ the
KCC will provide the full range of radiation oncology center services, from which appropriate treatment strategies will be
selected for each patient. Moreover, a spot scanning irradiation method will be included in the treatment options from the
stat of the facility operation in addition to conventional irradiation techniques (the wobbler method). The combination
allows a wider selection of irradiation methods depending on patient conditions. Thef-stegart facility, i-ROCK, will
start its opeation in the winter of 2015.

TUE-NBAEO03-1 #361- Invited Talk- Tuesday 8:30 AM Brazos Il
Treaty Verification Opportunities in a PostCold-War Environment

Robert Runkle
Radiation Detection and Nuclear Sciences, Pacific Northwest National Labaréfit\Battelle Blvd., Richland WA 993365 U

With the reduction of nuclear weapons stockpiles in the United States and Russia alongside the growing breadth of
civilian nuclear power, there exists an increasing need for technology that can confideftlgxisting and emerging
nuclear security treaties. The new STrategic Arms Reduction Treaty (START) entered into force on 5 February 2011, and it
mandates significant reductions in strategic deployed nuclear weapons. The treaty also requires negatfatime of
treaty that will further reduce stockpiles. As the number of warheads falls, the required confidence of verification measures
increases, thus increasing the need for higher performance technology. This reality creates an opportunity for non
destuctive evaluation methods specifically in the realm of dismantlement verification. Similar opportunities exist under the
auspices of the Treaty on the Nonproliferation of Nuclear Weapons where significant improvements are possible in
safeguarding growingacks of plutoniurpossessing spent nuclear fuel. On the horizon is the Fissile Material Cutoff
Treaty that will drive even greater technology requirements for confirming the absence of undeclared production of nuclear
materials. This presentation will disss these treaties and present potential opportunities for active interrogation
technology as part of a verification regime.
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TUE-NBAEOQ03-2 #168- Invited Talk- Tuesday 8:30 AM Brazos Il

Analysis Techniques for Intense Pulsed Active Detection

Joseir W Schume’r, John P ApruzedeRobert J CommisspStuart L JacksdnDavid Moshet, Stephen B Swanekarhp
Bruce V Webe, Jacob C Zier
®pylsed Power Physics Branch, Plasma Physics Division (Code 6770), Naval Research Laboratory, 4555 Overlo@Mvenue
Washington DC 20375, United States
(Z)Independent contractor for NRL;3 Services, Inc., 3750 Centerview Drive, Chantilly VA 20151, United States

Intense pulsed active detection (IPAD¥es a high power (~TW) pulsed accelerator to produce a shog (s)
pulse of fissioAnducing radiation, temporarily elevating the emissions from fissile materials and improving thesignal
naturatbackground ratio by reducing counting times. Analysis techniques relying upon sequential probability ratio test
(SPRTY provide a more sensitive means of extracting and differentiating these fission signatures from both passive and
active backgrounds. In this presentation, the SPRT is compared to the minimum detectable activijytéetiigue for
laboratorybasedPAD experiments utilizing pulsed bremsstrahlung and neutron irradiation sources. Because both induced
fission and active background scale linearly with the number of source particles (i.e. photons or neutrons) but scale non
linearly with source particleype, sourcearticle energy spectrum, and detector recovery following an irradiation, a
guantitative analysis technique is required to compare sources and improve the confidence in the measurement. SPRT is
known to be superior in flexibility and sensitivito the "Currie Equatioff’ Examples of the utility of SPRT analysis will
be shown, applied to laboratebased IPAD experiments with intense pulsed bremsstrahlung and/or neutron sources.

#S.B. Swanekamp, J.P. Apruzese, R.J. Commétsal,, IEEE Trars. Nucl. Sci58, 2047 (2011).

®A. Wald, The Annals of Math. Stat6 (2), June 1945, pp. 11186; L. A. Currie, Anal. Chen#0 (3), March
1968, pp. 586 593.

"Work supported by ONR and DTRA.

TUE-NBAEO3-3 #112- Invited Talk- Tuesday 8:30 AM Brazosll

Active-induced Time Correlation Signatures for the Characterization of Shielded HEU using
D-T Neutron Generators

Seth McConchieBrandon Grogan, Jason Crye, John Mihalczo, Jeffrey Johnson
Oak Ridge National Laboratory, 1 Bethel Valley Rd, OmigR® TN 37831, United States

Unlike plutonium, the detection and characterization of uranium has long been considered a difficult technical
challenge for the general nonproliferation problem, especially when uranium is in a shielded configuratioiuniluto
emits orders of magnitude more signature radiation than uranium due to the shottee$ial”**Pu and**Pu, and
commonly used shielding like polyethylene can provide other signatures to indicate the presence of plutonium. Using time
correlatedheutrons and gammas as the observable for detecting fissioning material, an alternative approach for HEU
detection is to actively induce fissions at rates much higher than its spontaneous fission rate. Measurement methodologies
like differential dieawayanalysis, active multiplicity counting, and delayed neutron and garayneounting can then be
applied. A variety of radiation sources have been the subject of research, $3chsmsurces, AmLi and AmBe sources,
pulsed or continuous{D and DT neutray generators, and pulsed bremsstrahlung electron linacs. All of these sources
have different strengths and weaknesses depending upon aspects of the measurement scenario like shielding. In support of
a continuing effort to understand the capabilities ef Beutron generators for HEU detection, measurements were
performed with 18 kg of 93.15 wt% HEU metal in the Nuclear Detection Sensor Test Center (NDSTC)-a2the Y
National Security Complex. Various types of shielding were used, including up to easgtioieters of polyethylene. For
each shielding configuration, a pulsed neutron generator and an associated particle imaging (API) neutron generator were
used with arrays of plastic scintillators and arrays of moderategroportional tubes to measthe time correlation
signatures. The results of these measurements are presented.
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TUE-NBAE03-4 #30- Contributed Talk Tuesday 8:30 AM Brazos Il

Assessment of Delayed GammRay Technique for Special Nuclear Materials Assay

Vladimir Mozin', AlanW. Hunf, Edward Reedy Bernhard Ludewidt
WL awrence Livermore National Laboratory, 7000 East Ave21lL, Livermore CA 94550, United States
@daho Accelerator Center, Idaho State University, 1500 Alvin Ricken Drive, Pocatello ID 83209, United State
®Lawrence Berkeley National Laboratory, 1 Cyclotrone Rd., Berkeley CA 94720, United States

High-energy, betalelayed gammaay spectroscopy is investigated with a focus on developinglastiuctive
assay instrumentation for inventory quantificatafrspecial nuclear materials. Results obtained up to date indicate that
individual isotopespecific signatures contained in the delayed garayapectra can potentially be used to quantify the
total fissile content and individual weight fractions of fisgind fertile nuclides present in mudtmponent samples. The
assay precision that is adequate for the inventory analysis can be obtained using a neutron generator of sufficient strength
and currently available detection technology.

Effects of the assagystem parameters on the delayed garayaesponse are analyzed. Experimental
measurements from fissionable material samples activation andidiédjty modeling results are investigated to evaluate
the importance of the interrogation time pattern. fetamerits of the more practical "singbass" assay mode that is
focused on the lontived responses are compared with the "pulsed" mode that captures the morespetifie short
lived signatures. Active neutron source and spectrometry setup meguiieare established for a set of assay scenarios,
corresponding response analysis and instrument calibration approaches are outlined.

TUE-NBAEO03-5 #185- Contributed Talk Tuesday 8:30 AM Brazos Il

Fission Detection and Competing Interferences atligh Bremsstrahlung Endpoint Energies

E. S. CardendsM. T. Kinlaw?, E. T. E. Reedy H. A. Seipe!, B. W. Blackburd, A. W. Hunt2
Wpepartment of Physics, Idaho State University, Campus Box 8106, Pocatello ID&3ZRnited States
@|daho Acceleator Center, Idaho State University, 1500 Alvin Ricken Drive, Pocatello ID 83201, United States
®daho National Laboratory, 2525 Fremont Avenue, Idaho Falls ID 83415, United States
“Raytheon Company, 870 Winter Street, Waltham MA 02451, United States

I n a bremsstrahlung based daetliawe di mterays hasegysitdet@lidbletoe ¢ h n
signatures of fissionable materials. These signatures rely on the detection of neutronsfend lighrgyg enutted tens
to hundreds omilliseconds after the probing bremsstrahlung pulse resulting in relatively short detection timescales. At
bremsstrahlung energies up to ~20 MeV, the fission signatures are unique and reliable, however, at higher bremsstrahlung
energies a multitude of ptonuclear reaction channels in Afissionable materials open up resulting in reaction products
whose emi ssions diehtagrrfde n eay fiskidn Bigni&times. Ifthe experiments discussed in this
presentation, signature interferene¢®remsstrahlung energies from 19 to 45 MeV were investigated from a variety of
nonissionable isotopes including but not limited{®, Ca,’Be, NaCl and LiF. While most of the ndissionable
isotopes studied produced interferences at the highesisstrahlung energies, reaction products ffnand'°F both
strongly interfered wi trdyfissiantsignatores.eFoid,eéuaonenere endtedonlony and o
timescales from’N produced by the weknown™®0 (' 2*'Npepction and higle n e r-rgys wese emitted frofiN
produced by?O(0 , M\ reactions. IM°F, these same reaction products are produc€& it o 2’Neamd™F ( 2, N2 p )
reaction. Mitigation of these interferences as well as others to the fission signatures is discussed.
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TUE-NBAEO03-6 #145- Contributed Talk Tuesay 8:30 AM- Brazos I
A Design Study for the Analysis of°Sr and **>**Cs by ISA-AMS

JeanFrancois Alary, Lisa M Cousin§ John Eliade’s Changtong Hap Gholamreza Javahérwilliam E Kiesef,
Albert E Litherland, Xiao-Lei zZhad
DisobarexCorp., 32 Nixon Road Unit #1, Bolton Ontario L7E 1W2, Canada
@IONICS Mass Spectrometry Group, 32 Nixon Road Unit #1, Bolton Ontario L7E 1W2, Canada
(3)Department of Physics, University of Toronto, 60 St. George St., Toronto Ontario M5S 1A7, Canada
“”De;:artment of Physics, University of Ottawa, 150 Louis Pasteur, Ottawa Ontario K1IN 6N5, Canada

Extending the range of Accelerator Mass Spectrometry (AMS) to the fission pro@uasd-*>**Cs would offer
numerous advantages for nproliferation survdiance activities. A new method for suppressing the interfering isobars
97zr and****Ba using low kinetic energy (<20 eV) gpkase reactions in an AMS injection line may help achieving this
goal in a cost effective way [1]. The reactions occur in @feefjuency quadrupole (RFQ) cell filled with a thin gas, the
Isobar Separator for Anions (ISA). Combined with fluofidatrix assisted ionization, this method considerably improves
the analytical capabilities of AMS f8fSr and should enable the direotdysis of*****Cs at sukparts per trillion. The ISA
alone provides interference suppression factors of 2f0ZrF;/SrF; and 2x10 for Bak/Csk. The general
performance improvement provided by the ISA, however, critically depends on thetgap#itis device to transmit the
wanted anions at a high stable efficiency. Based on recent SINIONtudies and on results of a parallel study on the
attenuation of other anions, we have developed -@@mmercial design for the ISA. In this design,QRFods and sphit
flow turbo molecular pumps are configured to achieve full control of reaction time, energy and fragmentation pathways
(chemical and kinetic reactions), and to optimize beam transmission through the cell. The mechanical layout will be
presated in 3D models using SolidWorks; SIMIGNL simulations using a hagphere collision model were used to
illustrate the gasnion dynamics in the gas cell and in the deceleration and acceleration stages. Results of confirmatory
tests obtained on an ingred version of the experimental ISA setup at the IsoTrace laboratory (operated by the University
of Ottawa) will also be reported.

[1] J. Eliades, XL Zhao, A. E. Litherland and W. E. KieseéNucl. Instr. Meth. B (2011),
doi:10.1016/j.nimb.2011.11.030

TUE-NPO031 #91- Invited Talk- Tuesday 8:30 AM Triniity Central

The ReA electronbeam ion trap charge breeder for reacceleration of rare isotopes

Alain Lapierre Stefan Schwarz, Kritsada Kittimanapun, Walter Wittmer, Daniela Leitner, GeorgnBoll
for the ReA team
NSCL, Michigan State University, 640 South Shaw Lane, East Lansing Michigan 48824, United States

ReA is a postccelerator at the National Superconducting Cyclotron Laboratory at Michigan State University
intended to reaccelerate easotopes to energies of ~&3VeV/u (light ions) following production by fagtrojectile
fragmentation and thermalization in a gas cell. Repéope beams at such energies are particularly in demand for the study
of capture reactions in nuclear astrggics. ReA is being commissioned and consists of four main components: an
electronbeam ion trap (EBIT), an achromatic chamermass separator, a radi@quency quadrupole (RFQ) pre
accelerator, and a superconducting refdéguency linear accelerat(RFLINAC).

The EBIT employs electremmpact ionization with a quasnonoenergetic electron beam to charge breed ions. It is
designed to efficiently capture a rasstope singly charged ion beam injected at low energy and produce a narrow charge
state dbtribution of trapped highly charged ions. Such ions are subsequently extracted and a given charge state is selected
according to its mas®-charge ratio for reacceleration through the RFQ and-SNRAC. The use of chargbred highly
charged ions to reachigh beam energies is a key aspect that makes ReA a compact aefficiest postaccelerator.

The EBIT is equipped with an electrgun designed to generate an electron beam current of a few amperes. It is
characterized by a unique dual magnet caméigjon to provide both the high electrbeam current density necessary for
fast charge breeding of shdited isotopes as well as high acceptance for injected beams. This talk will present an
overview and the status of the ReA EBIT, which is presenttiie¢ commissioning phase. It has extracted for reacceleration
tests chargéred highly charged Néion beams of stable isotopes produced from injected gas and more rec¢&hidnK
beams by injecting stable"Kons from an external ion source.
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TUE-NPQ3-2 #265- Invited Talk - Tuesday 8:30 AM Trinity Central

Development of lon Beams for Space Effects Testing Using an ECR lon Source

Janilee BenitezAdrian Hodgkinson, Mike Johnson, Tim Loew, Claude Lyneis, Larry Phair
Nuclear Science DivisigiLawrence Berkeley National Lab, One Cyclotron Road MS88R0192, Berkeley CA 94720, United States

At LBNL's 88-Inch Cyclotron and Berkeley Accelerator Space Effects (BASE) Facility, a range of ion beams at
energies from 1 to 55 MeV/nucleon are used fdration space effects testing. By bombarding a component with ion
beams the space environment can be simulated and single event effects (SEES) determined. The performance of electronic
components used in space flight and high altitude aircraft can therahgated. The 88ich Cyclotron is coupled to the
three electron cyclotron resonance ion sources (ECR, AHORENUS). These ion sources provide a variety of ion
species, ranging from protons to heavy ions such as bismuth, for these tests. In pméiéatasources have been
developed to provide "cocktails", a mixture of ions of similar miassharge ratio, which can be simultaneously injected
into the cyclotron, but selectively extracted from it. The ions differ in both their linear energetrdist) deposited to
the part and in their penetration depth into the tested part. The current heavy ion cocktails available are the 4bd10, 16,
30 MeV per nucleon.

To provide the optimum range of LET a variety of ion beams and charge statesrisdredjuorder to produce a
broad range of heavy ion cocktails, several methods to inject various metals and gases simultaneously have been developed,
including sputter probes and ovens. Cocktail beams, first developed in 1985 in Berkeley, continlwetalewg with the
capabilities of the accelerator system. The newest ECR source at Berkeley, VENUS, is capable of producing high charge
state heavy ions, delivering heavier ions with increased range and LET. The most recent example is the acceleration of
Bi*®*to 9.5 MeV per nucleon. This paper will discuss the progress and gains still underway with the ECR ion sources and
how they support radiation space effects testing.

TUE-NPO033 #240- Invited Talk- Tuesday 8:30 AM Trinity Central

Production of Rare Isotope Beams at the Texas A&M University Cyclotron Institute

Gabriel TabacaryDonald P May, Juha Arjé, Greg ChubaridnHenry Clark, George Kim, Robert E Tribblé
Bcyclotron Institute, Texas A&M University, University Dr., MS 3366eg@l Station TX 77843, United States
@Accelerator Laboratory, University of Jyvaskyla, Jyvaskyla, Finland

The Cyclotron Institute at Texas A&M is currently configuring a scheme for the production of radiéantive
beams that incorporates a light guide (LIG) and a heavion guide coupled (HIG) with an ECRIS constructed for
chargeboosting (CBECRIS). This scheme is part of an upgrade to the facility and is intended to produce radioactive
beams suitable for injection into the K500 superconductinpttpn. The current status of the project and details on the
ion sources used in the project is presented.

TUE-NP034 #92- Contributed Talk Tuesday 8:30 AM Triniity Central
High-Flux Neutron Source Based on LiquidLithium Target

Shlomi Halfort?, Gitai Fienbery§® Michael Pau| Alex Arenshtarh Dan Berkovit§ Daniel Kijel, Ami Naglef,
llan Eliyahd, Ido_Silverman
(1)Soreq Nuclear Research Center, Road 4111, Yavne 81800, Israel
@Racah Institute of Physics, Hebrew University, Jelersa91904, Israel

A prototype of a compact Liquid Lithium Target (LiLiT), which will be able to constitute an accel¢raded
intense neutron source was built. The neutron source is intended to be used for nuclpaysisabresearch, boron
neutroncapture therapy (BNCT) in hospitals and material studies for fusion reactors. The LiLiT setup is presently being
commissioned at Soreq Nuclear research Center (SNRC). The lithium target will produce neutrons thrti(ghrtige
reaction and it will oercome the major problem of removing the thermal power generated by-imteigsity proton beam
(1.92-2.5 MeV, >3 mA), necessary for sufficient therapeutic neutron flux.
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The liquidlithium loop of LiLiT is designed to generate a stable lithium jet gl lvelocity on a concave
supporting wall with free surface for the incident proton beam (up to 10 kW). The-litniian flow at a temperature of
~200°C is driven by an electromagnetic (EM) induction pump. The lithium flow is collected into a contaiankenhere
a heat exchanger dissipates the beam power. Radiological risks duéBe fireduced in the reaction will be handled
though cold trap and appropriate shielding.

In off-line tests, liquid lithium was flown through the loop and generated ke g&lat velocity higher than 5 m/s
on the concave supporting wall. The target is now under extensive test program usingp@@gBOkW electrongun.

By now, up to 2 kW electron beam was applied on the lithium flow at velocity of 3 m/s without &atyilitiss of
excessive evaporation. Hightensity proton beam irradiation (1-94.5 MeV, 24 mA) will take place at SARAF (Soreq
Applied Research Accelerator Facility) superconducting linear accelerator currently in construction at SNRC.

TUE-NPO0O35 #188 - Contributed Talk Tuesday 8:30 AM Triniity Central

DIANA - A Deep Underground Accelerator for Nuclear Astrophysics Experiments

Alberto Lemut, Daniela Leitnel, Manoel Coudér Uwe Greifé, Adrian Hodgkinsoh Joseph SabaPaul Vetter,
William Waldrort, Daniel Winklehnet, Michael Wieschér Matthaeus Leitnér
WLawrence Berkeley National Laboratory, Berkeley CA 94720, United States
@University of Notre Dame, South Bend IN 46556, United States
®Michigan State University, East Lsing MI 48824, United States
®colorado School of Mines, Golden CO 80401, United States

A novel nuclear astrophysics facility is being designed in a collaboration of Lawrence Berkeley National
Laboratory, the University of Notre Dame, Michigan Statevarsity, Western Michigan University, Colorado School of
Mines, and the University of North Carolina. The goal is to develop a next generation deep underground facility to measure
crosssections of thermo nuclear reactions in the sun andygernova star However, because of the low stellar
temperatures associated with these environments and the high Coulomb barrier, the reacsectaassare extremely
low. The experimental difficulties in determining these low energy esestons are caused khetvanishing small signal
rates in comparison to the large background rates associated with cosintuesd reactions.

One way to address this background issue is by going underground. This presentation describes the design of the
proposed deep undergnad facility DIANA (Dakota lon Accelerator for Nuclear Astrophysics). The facility is designed to
be built and operated about one km underground in an existing or new laboratory. The basic concept of DIANA consists of
two coupled electrostatic acceleratadow energy (50 kV 400 kV), high intensity accelerator and a flexible high energy
(300 kV- 3 MV) accelerator, target stations, and detector systems. The focus of this presentation will lie on the design of
the lower energy machine of the two propoaedelerators. Several technical challenges needed to be overcome in order to
create, accelerate, and transport the desired beams in sufficient intensities (e-ghapgeef beams with currents of up to
100 mA). The design with ion source, high voltadgtform with variable width acceleration gap, and solenoid focusing
scheme will be presented and simulations of the beam transport will be shown.

TUE-NPO036 #193- Contributed Talk Tuesday 8:30 AM Triniity Central

Historical and Climatological Research in the Himalaya Region by*C AMS Dating of Wooden Dirill
Cores from Historic Buildings

Wolfgang Kretschmér Achim Brauning, Andreas SchalfFrederique Daragén
Wphysics, University of Erlangen, ErwlRommelStr. 1, Erlangen 91058, Germany
@Geography, University of Erlangen, Kochstr. 4, Erlangen 91054, Germany

In recent years, the Geographical Institute of the University Erlangen could sample numerous wooden drill cores
from historic buildings in four regions of High Asia and could estdithem dendrochronologically. Part of the drill cores
were collected from monasteries and temples in the Dolpo region of western Nepal, a barely studied region in the Inner
Himalaya and situated in the rain shadow of the main Himalayan crest line. Amatjoe part came from temples in
Central Tibet. In many cases treeg dating of these drill cores was not possible, indicating that the sample woods exhibit
a higher age than the present range of the existingitrgehronologies which only reach tiaio the 11" century. So these
samples can be used to extend the-tirgge chronologies of this region, which could help to detect suggested monsoon
variations during the Middle Ages.
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The historic tower buildings of Tibet and Sichuan are a special dutieirisgage which has been rarely studied up
to now. The knowledge of their exact age could help to better understand the cultural and historical context of their
development and their function, and could support the effort to declare them a UNESO WitddgeHgte. The Erlangen
AMS laboratory has performedC - datings via accelerator mass spectrometry on 200 samples of 74 of these drill cores.
Using wigglematching these drill cores could be dated with enhanced precision, and in many cases impmrtzattanf
about the time of construction of these important historic buildings could be obtained for the first time.

TUE-NPO3P1 #340- Poster- Tuesday 5:30 PMRio Grande
QuasikMonoenergetic Protons Accelerated from a Thin Multilon Foil by Laser Radiation Pressure

Tung-Chang LiuJacJang SuXi Shao, Chuatsheng Liu
EastWest Space Science Center, University of Maryland, College Park, University of Maryland, College Park MD 20742, United States

Radiation pressure acceleration is considereahafficient way to produce quasionoenergetic ions, where an
ultra-thin foil is accelerated by high intensity circular polarized laser. However, along with the rapid acceleration is the fast
growing rate of the instabilities. A crucial factor limitintgjig acceleration scheme is the Raylelgtylor instability, which
results in the exponential growth of the perturbation of the foil density during the acceleration and hence the induced
transparency of the foil and the broadening of the particle energirsme We study the radiation pressure acceleration of
a multkion thin foil made of a mixture of carbon and hydrogen and investigate the possibility of using abundant electrons
supplied from carbon to delay the foil from becoming transparent, enhareectieration of protons from the carbon ion
layer fallen behind and therefore improve the energy of guasioenergetic proton beam. Partigiecell simulations have
been used to find energy dependencies of guasioenergetic protons on concentratiocabon and hydrogen in the foil
and optimal conditions for obtaining higher proton energies. Our simulation shows that-enqonasnergetic proton beam
of 60 MeV and 100 MeV can be produced by circular polarized laser of normalized amalibeleg 5 ad 10,
respectively, corresponding to laser power of less than 300 TW.

TUE-NPO041 #303- Invited Talk- Tuesday 3:30 PMTrinity Central

Facility upgrades and research developments at the Brookhaven Linac Isotope Producer (BLIP)

Leonard F Mausner
Collider Accelerator Department, Brookhaven National Laboratory, Building 801, Upton NY 11973, United States

Now over 40 years old the Brookhaven Linac Isotope Producer continues to operate effectively due to many
enhancements, big and small. For examplke Linac can now incrementally vary beam energy pulse to pulse. It provides
protons to BLIP at energies of 66, 92, 117, 139, 160, 181, or 200 MeV while simultaneously delivering low intensity
polarized protons at 200 MeV for nuclear physics experimenteiRelativistic Heavy lon Collider (RHIC). Recent
modifications to the low energy beam transport line upstream of the Linac have improved beam transmission and led to an
increase inintegratedintei ty up to a maxi mum 120egA (42mA pul se, 430¢s
average and instantaneous beam current as well as a sharply peaked Gaussian shaped beam intensity profile have caused
target reliability and lifetime issues. Therefare plan to implement a beam raster system in BLIP with a rapid (~3kHz)
scan frequency. This will require better beam diagnostics in the BLIP beam line, including a laser profile monitor and a
plunging multiwire device, and require rapid cycling magaeis power supplies to continuously move the beam spot. The
isotopes SB82, Ge68, Zn65, RB83 and Be7 are now routinely produced and distributed. Radioisotopes under
development include Ga7, and ¥86. These require the use of an expensive enrichel stakope target material that
must be recovered, purified and recycled into new targets. After first use the material will be radioactive. Similary we pla
to make Ae225 with a Th232 target. Therefore a capsule design that could be sealed rematdigtinell rather than
simply fabricated and welded in a machine shop was developed.
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TUE-NP042 #186- Invited Talk- Tuesday 3:30 PMTrinity Central
Cyclotron Production of Radioisotopes at Washington University

Suzanne LapiTom Voller, EvelynMadrid, Deborah Sultan, Paul Eisenbeis
Radiology, Washington University, 510 S. Kingshighway Blvd, St. Louis MO 63110, United States

The common isotopes used for jiam emission tomography (PETJF, *'C, 0 and™N, have relatively short
half-lives (less than 2 hours) which only allow for imaging of biological processes that occur on a rapid timescale. For
imaging of the biodistribution of larger molecules such as antibodies or nanoparticles which have a long blood circulation
time (hoursdays) FET isotopes with longer halives must be produced. Our group has focused on the production of
positron emitter§*Cu, ®®Y, °Br and®*Zr and the distribution of these isotopes to other research centers. This involves the
irradiation of appropriate salitarget materials on our 15 MeV proton cyclotron, purification of the isotopes from the target
and often recycling of the isotopically enriched target material. We have developegiutemated systems for those
isotopes which we routinely produce indarquantities to minimize dose to personnel. We currently sGflyto 1520
research facilities per week and support 3 clinical trials with agents involving this isotope. An overview of the cturgent sta
and future plans for the isotope productionguean at Washington University will be presented.

TUE-NP043 #282- Invited Talk- Tuesday 3:30 PMTrinity Central

Accelerator Based Isotope Production and R&D at LANL

Kevin D John, Eva R Birnbaum, Beau D Ballard, Jonathan W Entitdael E Fassbemd F Meiring Nortier,
Wayne A Taylor
Los Alamos National Laboratory, PO Box 1663, Los Alamos NM 87544, United States

The Los Alamos National Laboratory (LANL) has an almost four decade long history of producing radioisotopes
for applications in medicinendustry and science. Starting in 1974, a wide variety of isotopes were made available through
production via spallation, using the 800 MeV proton beam of the Los Alamos Meson Physics Facility (LAMPF), now
called the Los Alamos Neutron Science CenterNISEE). This capability was decommissioned in the late nineties but
shortly afterwards replaced with the commissioning of a new-efeates-art 100 MeV facility in 2005, which provided
new impetus to the advancement of the program's international leatbng r

In the past half decade, the program has developed a-leadihg production capability f§fSr”*™"Rb and
®8Gef®Ga Positron Emission Tomography (PET) radionuclide generators. Stre8@fifiRb is utilized for cardiac
imaging mainly in North Ameda, while®®*Gef®Ga serves as calibration source for PET instruments worldwide, and
LANL's supply record for these isotopes is unmatched in terms of quality and reliability. In 2008 the DOE Office of
Science, Office of Nuclear Physics took ownership ofliABIL isotope program and began to assert the need to expand
the program's R&D component. This move has catalyzed research efforts in highly specialized technical areas such as high
current targetry, nuclear data measurements, complex radiochemicalisepagatd novel applications of the program's
portfolio of unique radioisotope products. A few examples of isotopes currently under investigation at Los Alamos include
“2Ac, %Re and®"“As for medical imaging and therapy. A variety of other isotopepeesently being considered to
support our focus on therapeutic applications and in support of our core nuclear physics mission. This talk provides an
overview of the present status of LANL's production capabilities, current isotope portfolio and erR&Birggforts.
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TUE-NP044 #353- Invited Talk- Tuesday 3:30 PMTrinity Central

Production of Th-229 with low energy protons

Cara U Jost Rose A Boff, Stephanie H Brufféy Justin R Griswolt] Saed Mirzadeh Daniel W Stracendr
Cecil L Williams'
Wpepartment of Physics and Astronomy, University of Tennessee, Knoxville TN 37996, United States
@Fyel Cycle & Isotopes Division, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States
®Department of Physics, Oak Ridge National Laborngt@ak Ridge TN 37831, United States
“0ak Ridge Associated Universities, Oak Ridge TN 37831, United States

T h eemiiters Aec225andBi2 13 ar e of g-radicimmunothdrapy where radivisotope§iattached to
cancerseeking antibodies can bsed to efficiently treat various types of cancers. Both radioisotopes are daughters of the
long-lived Th-229 (t,, = 7880y). This isotope can be obtained either from the decay of stockpile234, currently
inaccessible resource, or from irradiatmrRa226 targets in a high flux nuclear reactor.

Alternatively, Th229 can be produced by proton irradiation ofZ32 and TH230, either directly via (p,pxn)
reactions, through a (p,xn) reaction producing?P, which decays to TA29 with a haHife of 1.5 days, or through the
(p, U) r e a82ttd As229, which dedays to TA29 with a haHife of one hour. The excitation functions for the
relevant nuclear reactions are mostly unknown. To obtain these excitation functions, stack8»fdils and Th230
electrodeposited on Al foils were irradiated at thel@re Test Facility at the Holifield Radioactive lon Beam Facility at
ORNL. The maximum proton current on target was 50 nA, with a maximum beam energy of 40 MeV. The yield of reaction
prodicts was determined by gamaay spectroscopy, in some cases after chemical separation.

Benchmark tests of wetheasured crossections for isotopes produced via proton induced reactions on Cu and Ni
foils, show very good agreement with literature restlte experiments with thorium targets were focused on the
production of P&29 and its daughter A225 from both TH32 and TH30 targets. Differential crosections for the
production of P&29 and other Pa isotopes have been obtained and will be teesen

TUE-NPO045 #316- Contributed Talk Tuesday 3:30 PMTrinity Central

BEST Medical Radioisotope Production Cyclotrons

Vasile SabaidudBruce Milton, Richard Johnson, Krishnan Suthanthiran
Best Cyclotron Systems Inc.,-8765 Ash Street, Vaaaver British Columbia V6P 6T3, Canada

Best Cyclotron Systems Inc (BCSI) is currently developing 14MeV, 25MeV, 35MeV and 70MeV cyclotrons for
radioisotope production and research applications as well as the entire spectrum of targets and nucleanmsydhilesi
for the production of the PET, SPECT and radiation therapy isotopes. The company is a subsidiary of Best Medical
International renowned in the field of medical instrumentation and radiation therapy. All cyclotrons have external negative
hydrogenion sources, four radial sectors with two dees in opposite valleys, cryogenic vacuum system and simultaneous
beam extraction on opposite | ines. The beam intensity ra
energy and application. The BEST14ps desi gned for fixed 14MeV extraction w
The main application is for the production of PET isotopes and 99mTc production. All higher energy cyclotrons, BEST25p,
BEST35p and BEST70p are designed for variable energgextr i on wi t h a combined beam cur
While BEST25p and BEST35p cyclotrons extend the capability to producing more medical radioisotopes for diagnostics
and therapy the BEST70p reaches radioisotope production for heavy radionucledtabk the production of Sr8the
parent for Rb82 generator§he BEST70p cyclotron may also be used as injector to agposterator or for the production
of the radioactive beams. Beam lines are optional on the 14MeV and 25MeV cyclotron and stapuigribsthe 35MeV
and 70MeV cyclotrons (custom designed beam lines).
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TUE-NSTO051 #408- Invited Talk- Tuesday 8:30 AM Post Oak

Multi -lon Beam Lithography of Graphene on SiC by LowTemperature Annealing

Bill R. Appletort?, Sefaattin Tongdy, Maxime Lemaitrg Arthur F. Hebard Brent Gila* Joel Fridmanh
Achim Nadzeyk® Fan Ref Xaiotie Wang, Dinesh K. VenkatachaldinRobert G. Ellimaf Joseph Klingfu’
Wpepartment of Material Science and Engineering, University of Floridan&saille FL, United States
@Nanoscience Institute for Medical and Engineering Technologies, University of Florida, Gainesville FL, United States
(3)Department of Physics, University of Florida, Gainesville FL, United States
“Nanoscale Research Faciljtyniversity of Florida, Gainesville FL, United States
®Raith USA, Ronkonkoma NY, United States
®Raith GmbH, Dortmund, Germany
(MDepartment of Chemical Engineering, University of Florida, Gainesville FL, United States
®pepartment of Electronic Matils Engineering, Australian National University, Canberra, Australia

Promising techniques for growing graphene on SiC single crystals for electronic device fabrication include heating
in UHV above the graphitization temperature)T or processing them vacuum using pulsed excimer laser

Here we report an approach that combines ion implantation, thermal or pulsed laser annealing (PLA),-and multi
ion beam lithography (MIBL) to both pattern and synthesize graphene nanostructures on SiC singla@chystals
temperatures. This approach utilizes a MIBL system developed at the University of Florida in collaboration with Raith for
implantation/nanofabrication, in combination with thermal annealing in vacuum or PLA with a 25 ns pulsed ArF laser in
air. Toinvestigate the mechanisms and the effects of the implanted species, ion damage, and annealing, samples were also
subjected to broadrea iorRimplantations using facilities at the Australian National University.

We show that implantation of Si, Ge, Au,©u followed by thermal annealing in vacuum below theoTSiC can
selectively grow grapheranly where the ions are implanted, and that graphene nanoribbons a few nanometers to microns
wide can be formed using MIBL. Additionally, we will show that graphean be formed on implanted and/or unimplanted
SiC by ArF PLA in air, at fluences from 0142 J/cmi. AES, SEM, %sectional TEM, micreRaman analyses and heat flow
simulations are presented to verify graphene growth and explain the effects and medhanisets

We also report recent findings on graphitization of SiC using patterned Ga implantation, in which the implanted
regions exhibit reducedgrl

1. Conrad, P. N. First, and W. A. de Heer, J. Phys. Chem. 108, 19912 (2004).

2. Sangwon Lee, Michael Foney, Wonhee Ko, Jason C. Randel, Hee Joon Jung, Ko Munakata,Jesse Lu,
Theodore H. Geballe, Malcolm R. Beasley, Robert Sinclair, Hari C. Manoharan, and Alberto Salleo; ACS Nano Vol.4, No.
12, 75247530 (2010).

TUE-NST052 #308- Invited Talk- TuesdayB:30 AM - Post Oak
Towards a regular array of single swift heavy ion impact sites

Sjoerd Roorda
physique, Université de Montréal, 2900 Boulevard Edouard Montpetit, Montréal Québec H3C 3J7, Canada

What happens during the passage of a swift ion thr@ugplid is of interest to both technology (e.g., nanopores,
radium exposure dosimetry) and science (e.g. does the track melt or not). A difficulty in studying ion tracks is that they ar
highly localized in both time and space, so that one can only gpadymortem" effects. In this work, we have attempted
to limit the effect of the random spatial distribution of ion tracks.-8ej&nized anodic porous alumina masks were made
and positioned in front of oxide andSh samples. The sample+mask sandwiels aligned with the ion beam and exposed
to low fluences of ions, chosen so as to optimize the probability of only one ion passing through a single pore. Atomic force
microscopy of the irradiated sample shows that the lateral distribution of the singtepaxt sites is nearly equidistant
with a most probable distance between first neighbouring impact sites corresponding to-{heréntéstance in the mask.

The signal from grazing incidence small angley scattering is greatly enhanced and exhibfisature corresponding to
the average distance between single impact sites.
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TUE-NSTO053 #230- Invited Talk- Tuesday 8:30 AM Post Oak

Microscale fabrication and functionalization of singlecrystal diamond with focused MeV ion beams

Paolo Oliverd®**
®physics Department, University of Torino, via P. Giuria 1, Torino 10125, Italy
@°Nanostructured Interfaces and Surfaz&entre of Excellence, University of Torino, Torino 10125, Italy
®sezione di Torino, INFN, Torino 10125, Italy
@sezionali Torino, Consorzio Nazionale Interuniversitario per le Scienze Fisiche della Materia, Torino 10125, Italy

Diamond exhibits a set of outstanding physical properties: high mechanical and radiation hardness, chemical
inertness, spectrally wide transpangnaigh carrier mobility, high dielectric strength, ompatibility. These features
make diamond appealing for many applications, ranging from roigtical devices to particle detectors, and from micro
fluidics to naneelectromechanical systems and mmit devices. Remarkably, the same properties also pose a major
challenge in the fabrication of this materidleV and keV ions represent a powerful tool for fabrication and
functionalization of diamond, particularly if it is considered that the strdatumdification of the diamond crystal offers
access to alternative allotropic forms of carbon (diamond, amorphous carbon, graphite) with significantly different physical
properties. This results in the possibility of tailoring the electrical, opticaltamctsral properties of this material. Such
structural modification process can be carried with high spatial resolution in both lateral and depth dimensions, thanks to
the availability of focused ion beams and to the peculiar damage density profile lgfdrighgetic ions in matter,
respectively.

In the present contribution, an overview will be given on our activity in the development of deep ion beam
lithography in diamond carried at the University of Torino in collaboration with several partner imssitut

- fabrication of threadimensional conductive structures in the bulk material by means of vattédieess masks
for applications in biesensing and radiation detection;

- fabrication of waveguiding structures by means of a controlled modificafithe material's refractive index;

- fabrication of microfluidic channels with the selective removal of sacrificial graphitic layers;

- production of optically active luminescent centers by direct ion implantation.

TUE-NSTO054 #220- Invited Talk- Tuesday 8:30 AM Post Oak
NanoScale Performance Enhancement for lon Beam Lithography, using Guided Sélsembly

John Baglin
IBM Almaden Research Center, 650 Harry Road, San Jose CA 95120, United States

Despite the narrow width of an ion track ityaical polymer resist layer, it has proved to be problematic to
develop techniques for ion based lithography whose performance could satisfy the requirements of the ITRS Roadmap for
commercial fabrication with spatial fidelity that is acceptable beyoatOS 22 nm node. For future device patterning,
for example, the Roadmap requires not only lateral resolution of a few nanometers or less, but also line edge roughness
(LER) below 2 nm, and stable critical dimensions. For practical adoption of ionliteagnaphy, exposure of a resist
layer must not cause distortion of adjacent features due to proximity effects in the resist. And patterning must not create
thermal or radiation damage to device layers beneath the resist. And processing througimpentioe wafer must retain
or exceed the speed currently offered by standard Uvbaaen processing of traditional photoresists. The LER and
resolution criteria would apparently demand very high local doses of focused ions for edge regions, iravoilér to
pattern defects due to stochastic shot neaserocess inconsistent with commercial manufacturing criteria.

In this presentation, we explore possible solutions to these problems, based on the concept of applying sparse ion
exposure in order teeed directed self assembly of critical pattern features having clean geometrical definition. We also
discuss the potential applicability of such approaches for fabrication of integrBtel\&ce structures.
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TUE-NSTO061 #137- Invited Talk- Tuesdyg 3:30 PM- Post Oak

Surface nanopattern formation by ionbeam sputtering: recent developments

Rodolfo Cuerno
Departamento de Matematicas, Universidad Carlos Ill de Madrid, Avenida de la Universidad 30, Leganés Madrid 28911, Spain

lon beam sputteringf monoelemental targets that become amorphous under low to medium energy irradiation has
attracted much interest as a technique to produce high quality surface nanopatterns. However, although reports on
modifications of surface topography thus achievaté dack to the 1960s, a physical picture that allows us to understand
and eventually control this route to nanostructuring is being elucidated only in the recent few years [1]. To date, many
guestions still remain to be answered. Among other, they inthedehysical nature of the microscopic processes that
control the evolution of the surface morphology over macroscopic times, the correetispgadescription of the complex
surface topographies that ensue, and the capability of the technique to peoduiees than differ from the usual
spontaneous arrays of nanometric sized features, like ripples and dots, and that may have a similar interest for electronic,
magnetic, or optical applications. In this talk we will present recent experimental anditiaoesults that tackle some of
these issues.

[1] For a recent overview, see e.g. R. Cuerno, M. Castro, J. MBaoda, R. Gago, and L. Vazquez, Nucl. Instr.
Meth. Phys. Res. B 269, 894 (2011).

TUE-NSTO062 #78- Invited Talk- Tuesday 3:30 PMPostOak

SelfAssembled Nanoscale Patterns Produced by lon Bombardment of Binary Compounds

R. Mark Bradley, Patrick D. Shipmah Francis C. Motta

‘”Department of Physics, Colorado State University, Fort Collins Colorado 80523, United States
(Z)Departmenbf Mathematics, Colorado State University, Fort Collins Colorado 80523, United States

We review our recent work which demonstrates that a surface layer of altered composition can have a crucial
effect on pattern formation induced by ion bombardmentsafiid surface. First, we discuss a theory that explains the
genesis of the strikingly regular hexagonal arrays of nanodots that can form when the binary material GaSb is bombarded at
normal incidence. In our theory, the coupling between a surface lagteifd stoichiometry and the topography of the
surface is the key to the observed pattern formation. For a certain range of the parameters, we find that nanoddt arrays wit
strong short range hexagonal order emerge spontaneously. Our theory also fhiadietaarkably defedtee ripples can
be produced by obliqumcidence bombardment of a binary material if the ion species, energy and angle of incidence are
appropriately chosen. This high degree of order cannot be achieved by bombarding an elestenahl m

A related theory yields insight into pattern formation induced by deposition of impurities during ion bombardment
of an elemental material. We show that if the impurities are deposited obliquely during-rmrnmedrnormatincidence
ion bombardnent, a novel instability can yield surface ripples. This instability can set in even if the curvature dependence
of the sputter yields is negligible and the two atomic species are completely miscible.
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TUE-NST063 #119- Invited Talk- Tuesday 3:30 PMPost Oak

Is sputter erosion relevant for ion induced selorganized surface patterns?

Hans HofsasKun Zhang, Omar Bobes, André Pape
Faculty of Physics, 2nd Institute of Physics, University Gottingen, Friedtiahd-Platz 1, Gottingen 37077, Germa

lon induced selbrganized surface patterns have attracted much attention in the last years. Several experimental
studies have demonstrated thatdeposited atoms during ion beam erosion of a substrate have a tremendous impact on the
pattern formatia. Furthermore, the dominant role of curvature dependent sputter erosion was put into question and other
processes like collision cascade prompt mass redistribution (the-Reieryakov effect), crater formation etc. were
proposed as decisive mechanideeling to topographical surface instabilities and-sgdainized nano pattern formation.
Novel theoretical approaches and computer simulation studies were introduced to take into aedeposited surfactant
atoms in the pattern formation process.

In this contribution we discuss pattern formation under the presencedeposited atoms as well as systematic
studies on pattern formation on pure substrates. lon beam surface pattern formation in the presetegosited metal
impurities is investigted for Si and amorphous carborQasubstrates and for keV Xe ions incident at normal and near
normal direction. lon induced phase separation and metal silicide formation are seen as the relevant processes leading to dot
and ripple patterns. Pattern fioaition on pure Si,-& and Pt substrates is investigated for grazing incidence (45° to 85°) Xe
and Ne ion irradiation with energies varied between 100 eV and 10 keV. Our results indicate that both sputter erosion and
mass transport are relevant for pattiemmation. The contribution of each mechanism can be evaluated from the ion
incidence angle marking the transition between perpendicular and longitudinal ripple orientation.

TUE-NSTO064 #412- Invited Talk- Tuesday 3:30 PMPost Oak

Creating sharp features by colliding shocks on uniformly ioAbombarded surfaces

Miranda HolmesCerfon Michael J Aziz, Michael P Brenner
School of Engineering and Applied Science, Harvard University, 29 Oxford Street, Cambridge MA 02138, United States

We investigatelte nonlinear dynamics of surface evolution under ion bombardment, with the goal of finding a
dynamical way to create sharp, srratdhle structures. We show, through theory, numerical simulations, and experiment,
that if a surface is patterned initially bave finite slopes on the macroscale, then it evolves under uniform bombardment to
a pattern made of identical kniézlgelike ridges, with scales much smaller than those in the initial condition or achievable
through linear instabilities. The ridges aregicted by the governing macroscopic equations in which they arise as a
special kind of traveling wave solution with a very large basin of attraction. We derive asymptoticalgimensional
equation for the nonlinear evolution of level sets of surfope, and show how this can be used to predict the final
location of the ridges. Our hope is that one can eventually invert this equation to answer the inverse problem: can we find
an easilyachievable initial patterning of the surface, so that it ewolueler uniform irradiation to a target srrsdhle
pattern?
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TUE-NST091 #130- Invited Talk- Tuesday 1:00 PMPost Oak

Self-Organized Nanoscale Pattern Formation Using lon Beams

Michael J. Aziz
School of Engineering and Applied Sciences, Harvanivétsity, 29 Oxford Street, Cambridge MA 02138, United States

Focused and unfocused ion beam irradiation of a solid changes the surface morphology by sputter erosion, ballistic
mass redistribution, and material relaxation processes. Their interplagstdinin seforganized nanoscale corrugation,
dot, or hole patterns with periodicities down to 7 nm;-shHrpening higisloped shock fronts that propagate instead of
dissipating and evolve to the same slope from a range of initial slopes; and coriagiere of nanopores with
applications to single biomolecule detection. Current understanding of these phenomena will be reviewed from an
experimental and a theoretical perspective. The prospects for using guidedanlzation for largarea pattermg of
functional nanostructures will be discussed.

TUE-NSTO092 #385- Invited Talk- Tuesday 1:00 PMPost Oak

Recent Analytical Progress on LowEnergy lon Irradiation

Scott A Norris
Mathematics, Southern Methodist University, 208 Clements HallaPalX 75278156, United States

Despite more than 40 years of research since the first observation of patternsr@uiated surfaces, a
predictive model explaining these patterns has remained elashadels based directly on physical principlesd
struggled to agree with experiment, while more phenomenological models with good agreement have remain ungrounded in
physics. In particular, since the observation of highigered hexagonal nanodots on various materials irradiated in the
1lkeV range, primary problem has been to identify a mechanism fofitlite -wavelength bifurcation typically
associated with such patterns in other branches of science

In this talk we present recent advances in the understanding of amorphous solids irradiatéahed hengies.
Two primary physical mechanisms once proposed to cause dot structures are discussed. On the timescale of individual ion
impacts (~10412 sec), target atoms involved in the collision cascade but not sputtered away from the surfacemasdergo
redistribution , often forming small craters with rims. Understanding the-timeg effect of these craters requires careful
multi-scale analysis to connect with the much longer timescale in which patterns emerge. Additionally, on the timescale of
tensof seconds, stress is generated in the solid, the relaxation of which is investigated using a viscoelastic continuum
model.

Together, these studies have greatly improved our understanding of the pure amorphous system, such that
guantitative comparisons thi experiment are now possible. Interestingly, neither effect produces theninvigdength
bifurcation required for ordered dot formation, which was originally accepted as a deficiency in the theory. However, more
recently, it has been discovered thlitexperiments observing dot structures on pure materials ultimately suffered from
contamination, and such structures are now widely believed to occur only in systems with two different target atoms, in
which concentration effects come into play. Heffieepure systems, theory and experiment are finally beginning to
converge.
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TUE-NST093 #152- Contributed Talk Tuesday 1:00 PMPost Oak

Nanoscale topography formation on Ge surfaces bombarded by leenergy Kr* ions

Joy C. PerkinsgnCharbel S. Mdi, Michael J. Aziz
School of Engineering and Applied Sciences, Harvard University, 29 Oxford Street, Cambridge MA 02138, United States

lon irradiation of surfaces has been shown to create ripples, dots, holes, and ultrasmoothening on a variety of
materals. Features as small as 7 nm have been observed, leading to interest in ion irradiation as a technigisedde large
production of devices with stlithographic features. It is thus of interest to develop a working model to predict and
understand thedhavior of surfaces under ion bombardment. The nanoscale pattern formation of Ge surfaces uniformly
irradiated by Kf ions was studied in a leaontamination environment at ion energies of 250 and 500 eV and at angles of
0° through 85°. We present a phasagram of domains of pattern formation occurring as these two control parameters are

varied. Flat surfaces are stable from normal incidence u
surface is linearly unstable to the formatafrparalletmode ripples, in which the wave vector is parallel to the projection
of the ion beam on the sur f amoderipplkes in which theswave weetorisb ser ve per

perpendicular to the ion beam. This behavior is qualitativelylairtg those of Madi et al. for Adirradiated Si but is
inconsistent with those of Ziberi et al. for'Kirradiated Ge. The existence of a window of stability is qualitatively
inconsistent with the erosidmased theory of Bradley and Harper and qualigdiconsistent with the theory of ion impact
induced mass redistribution as well as crater function theory. The critical transition angle between stable and rippled
surfaces occurs 105° above the value predicted by the simple Cartehnyakov model of rass redistribution.
Implications for theory will be discussed.

TUE-NST094 #156- Invited Talk- Tuesday 1:00 PMPost Oak

RealTime X-ray Investigations of Semiconductor Surface Stability and Instability during lon
Bombardment

Karl F. Ludwig, Jr', Eitan Anzenberf Joy Perkinsof Charbel S. Madj Michael J. Aziz
Wphysics, Boston University, 590 Commonwealth Ave., Boston MA 02215, United States
@School of Engineering and Applied Sciences, Harvard University, Cambridge MA 02138, United State

Grazingincidence smalangle xray scattering can quantitatively examine evolving surface morphology on lateral
length scales of-100 nm during a wide range of surface processes. Using a facility developed at the National Synchrotron
Light Source (Bookhaven National Laboratory), we have carefully examined the initial stages-ofgaatized
nanostructure formation or ultsmoothing during 1 keV AfSi and Ki/Ge bombardment at room temperature. Our
measurements determine the linear theory aroptifin factorR(q) as a function of surface modulation wavenuntpand
ion incidence angle. The amplification factor reflects the surface stability/instability during ion bombardRégjtisf
negative, the surface is stable to small perturbatioitgsipositive, the surface is unstable to the growth of perturbations.
For Ar'/Si, the amplification factor behavior is consistent with lateral mass redistribution both driving surface smoothing at
low bombardment angles, and driving the surface inétyalil bombardment angles above a critical angle of 45° [1,2]. The
general surface behavior for KGe is qualitatively similar to that for AiSi, but the critical angle of transition between
stability and instability increases to approximately 62° [3].

This is difficult to quantitatively explain within the simplest theory of lateral mass redistribution. A more
sophisticated crater function approach combining redistributive and erosive effects can exhibit more complex phase
behavior [4], but our experiemtal results also provide critical tests of its accuracy independent of the exact shape of the
assumed crater function response of the surface to an ion impact.

[1] C. Madi et al.Phys. Rev. Lett 106, 066101 (2011).

[2] E. Anzenberg et alRhys. Rev.B 84, 214108 (2011).

[3] E. Anzenberg, et al., in preparation.

[4] S.A. Norris et al.Nature Comm. 2, 276 (2011).

The BU and Harvard components of this research were supported by NSA.006838 and DEG02
06ER46335 respectively.
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TUE-NSTO095 #83- Contributed Talk Tuesday 1:00 PMPost Oak

Selfassembled nangpatterns by off-normal gas cluster ion beam bombardment

Buddhi TilakaratneDharshana Wijesundera, Xuemei Wang, \Kah Chu
Department of Physics and Texas Center for Supercondygctilniversity of Houston, 3201 Cullen Blvd, Ste 202 Houston Science
Center, Houston TX 77204, United States

Surface nangattern formation has generated promising applications in semiconductor, medical related industries.
We use 3000 Ar atoms per clusten beam to irradiate surfaces at anredfmal angle to generate sa¥sembled naro
patterns on surfaces of Au, Ag, polystyrene polymer thin films and bulk materials (e.g. Si, SiO2). When a cluster ion
collide off-normal to the surface target atomsrgfmirward momentum and nano patterns start to develop on the surface and
highest surface instability depends on the cluster ion incident angle, energy and the target material. During irradiation
process surface atoms undergo three sputtering processagydt)atoms having similar or higher energies as of atoms of
the cluster would gain the necessary work potential to dissipate into the vacuum, (i) atoms having lesser amount of energy
would redeposit on the surface, which are known as hopping atom@ij)asitdms with a fraction of energy diffuse close
to the surface in the direction of cluster ion incident direction. In this presentation we will discuss experimentaf results
surface evolution during the cluster ion beamradfmal irradiation and ecopare results with a theoretical model.

TUE-REPO021 #209- Invited Talk- Tuesday 8:30 AM West Fork

Use of ion irradiation to study void swelling of ferritic and ferritic-martensitic steels at damage levels of
50 to 600 dpa at 40680°C

Frank A. Ganer, V. N. Voyevodif, V. V. Bryk? V. V. Melnichenkg, O. V. Borodirf, P. HosemanhL. Hsiund
®Radiation Effects Consulting, 2003 Howell Avenue, Richland WA 99354, United States
@Kharkov Institute of Physics and Technology, Kharkov 61072, Ukraine
®University of California, Berkeley, Berkeley CA 94720, United States
®Lawrence Livermore National Laboratory, Livermore CA 94551, United States

Void swelling is often the lifdimiting concern for austenitic steels in fission, fusion and spalla&iironments.
Therefore research is directed toward ferritic and fernitertensitic steels known to swell less during irradiation. Oxide
dispersiopstrengthened (ODS) variants are also under development, with the expectation that they will exhibit highe
strength at elevated temperatures, with a reduction in swelling due terogtdéinterfaces acting as sinks for radiation
generated point defects, helium and hydrogene to the limited data from reactors, current activities focus on HT9 in the
USA (<=208 dpa in FFTF) and E450 in Russia (<=160 dpa in B&#D). Both are 12Cr alloys with HT9 in fully tempered
condition (decomposed martensite grains with small fractions of delta ferrite and carbides)4b@itEfRpered to produce
a 1:1 duplex grain aficture of ferrite and decomposed martensite. There is additional interest in MA957, an ODS alloy
(<=110 dpa in FFTF) and an ODS variant of&£30, both ferritic only.

To explore the swelling of these alloys at doses >100 dpa and beyond, ion bombardmeb®atdpa/sec were
conducted using 1.8 MeV chromium ions at GBD°C, extracting microscopy data at 150 nm below the surface, far from
the influence of the injected chromium, which not only suppresses swelling by its physical presence as an injected
interstitial tut by its chemical accumulatipreaching 20% additional Cr when 500 dpa is reached in the examinedrarea.
norntODS alloys swelling exhibits a bilinear behavior where the transient regime varies fre#0Q5pa depending on
grain structurefollowed by a steadsgtate swelling regime of ~0.2% per dpa, -6ifth the rate of austenitic alloys. Ferrite
grains enter the steadyate regime sooner (~150 dpa) than decomposed martensite grains, which resigiO G68.
Swelling of ODS alloys istrongly variable, dependent on local dispersoid level.
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TUE-REPO022 #110- Invited Talk- Tuesday 8:30 AM West Fork

Microstructural Evolution of Nanocrystalline Nickel Thin Films due to High-Energy,
Heavy-lon Irradiation

Khalid Hattar Shreyas Rasekhara, Paulo J Ferreira
Radiation Solid Interactions, Sandia National Laboratories, PO Box 5800, Albuquerque New Mexico 87185, United States

Nanocrystalline metals have been extensively investigated over the last several decades and are reperted to h
some promising and unexpected thermal and mechanical properties. Recently, it has been speculated that the wealth and
type of grain boundaries and interface structures in nanostructured metals provides an appreciable density of rapid diffusion
pathwa. The increase in diffusion pathways has been theorized to result in decreased accumulation of radiation defects
and subsequently radiation tolerant structures.

This presentation will highlight results from an initial investigation into the structadailisy under extreme
radiation environments of a wadtudied nanocrystalline nickel thin film. The film produced by pulsed laser deposition is
comprised of a nearly monodispersed nanocrystalline structure whose thermal and mechanical properties have been
extensively characterized. These fstending thin films, of nominal 90 nm thickness, were irradiated with 35 MeV Ni6+
ions at doses ranging from nominally 1 dpa to 10 dpa using a 6 MV Tandem accelerator. In addition to the expected point
defect substrcture grain growth was seen in samples with at least two dpa of radiation damage. Samples subjected to
greater than 10 dpa damage with 35 MeV Ni6+ ions exhibited a large percentage of metastable hcp Ni phase identified by
precession electron microscopyhelradiation stability of these nanocrystalline films in light of the thermal and mechanical
stability and insight gained into potential radiation tolerant materials will be discussed.

This research was funded by the U.S. Department of Energy, Offiadersfc®, Office of Basic Energy Sciences,
Division of Materials Sciences and Engineering. Sandia National Laboratories is-pmgiam laboratory managed and
operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporatios, fo&tiDepartment of
Energy's National Nuclear Security Administration under contracAGB4-94AL85000.

TUE-REP023 #97 - Invited Talk- Tuesday 8:30 AM West Fork
lon-irradiation induced damage in FeCr alloys characterized by nanoindentation

Cornela Heintzé, Frank Bergnér Mercedes Hernandédayoraf
@institute of lon Beam Physics and Materials Research, HelmBehrum DresdefRossedorf, Bautzner Landstrasse 400,
Dresden 01328, Germany
@Technology Department, CIEMAT, Avenida de la Catepse 40, Madrid 28040, Spain

Selfion irradiation in combination with nanoindentation offers the possibility to characterize irradiation damage in
a broad range of irradiation temperature and fluence. Nanoindentation results are reported for Gmealigyseof
commercial purity with nominal chromium contents of 2.5, 9 and 12 at%. The irradiation conditions considered include
irradiations at room temperature, 300°C and 500°C. Special features of this work are roughly rectangular damage profiles
prodwced by multistep irradiations with different ion energies and exploitation of the load dependence of hardness for
indentation loads in the range of 2 to 500 mN. The effects of Cr content, fluence and irradiation temperature are discussed.
Irradiatiorrinduced changes of the microstructure were characterized by means of transmission electron microscopy
(TEM). Hardening features and their contribution to the observed irradiatioiced hardness changes will be discussed in
the framework of a tentative twieature hardening model. Smalhgle neutron scattering (SANS) data reported for
neutronirradiated conditions of the same alloys will be taken into account.
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TUE-REP024 #349- Contributed Talk Tuesday 8:30 AM West Fork

Accelerator-Driven Subcritical Fission in a Molten Salt Core: Closing the Nuclear Fuel Cycle for Green
Nuclear Energy

Akhdiyor Sattaro¥, Saeed AssafiKarie Badgle$; Justin ComeadxJoshua KellanisThomas Manh Al Mclnturff?,
Peter Mclntyré Nathaniel PogifeElizabeth Sooby, Michael Simpsoh Prabhat TrepatRySupathorn Phongikarogn
Pavel Tsvetkoy Marvin Adam3

®Chemical Engineering, University of Idaho, Idaho Falls ID 83402, United States
@Pphysics, Texas A&M University, Spence St., College Statior78237 United States
®Nuclear Engineering, Texas A&M University, Spence St., College Station TX 77843, United States
@APS, Argonne National Lab, Argonne IL 60439, United States
®ldaho National Lab, Idaho Falls ID 83403, United States

A technology fo acceleratodriven subcritical fission in a molten salt core (ADSMS) is being developed as a
basis for the destruction of all transuranics andloreg fission products in spent nuclear fuel. The molten salt fuel is a
eutectic mixture of NaCl and trahlorides of the transuranics and fission products. The core is driven by proton beams
from a strongfocusing cyclotron stack, described in a separate paper. This approach uniquely provides an intrinsically safe
means to drive a core fueled only withrisaranics, thereby eliminating competing breeding terms.

The ADSMS technology uniquely provides a means to destroy all transuranics atigddrfgssion products in
spent nuclear fuel and recover the 95% uranium still in it so that it carusedetlereby closing the nuclear fuel cycle for
the first time.

TUE-REP025 #407- Contributed Talk Tuesday 8:30 AM West Fork

Simultaneous irradiation and corrosion of HT-9 F/M steel in leadbismuth coolant- The ICE-II
Experiment

Staffan _Qvist, Peter Hosemanh Yonggiang Wang Joseph TesmerMagdalena CafoMark Bourké
Wpepartment of Nuelar Engineering, University ofalifornia, 2430 Dwight Way, Berkeley CA 94704, United States
@Materials Science and Technology Division, Los Alamos Naitioaboratory, P.O. Box 1663, Los Alamos NM 87545, United States

Leadbismuth eutectic (LBE) has been selected as candidate coolant for fast reactor concepts, accelerator driven
systems (ADS), spallation targets and hybrid systems. As a fast reactmtcb8E offers significant advantages over
available alternatives. It does not have any violent chemical reaction with air, water or steam, and has a very high boiling
point (1670 deg. C) and excellent natural circulation cooling capability. Howevessory liquid metal embrittlement and
liquid metal enhanced creep challenge the lifetime of steel structural components in contact with LBE.

In this work, we describe the irradiation/corrosion experimentliCgerformed at lon Beam Materials
Laboratoryin Los Alamos within the Los Alamos National Laboratedniversity of California Berkeley (LANEUCB)
collaboration. The purpose of this work is to study synergistic effects of irradiation on steel corrosion, and invesstigate if
how a steady state comteation of defects continuously created by displacement cascades affects surface chemistry such as
oxidation or dissolution. In the IGE experimental setup, a 3 MV Pelletron tandem accelerator is used to irradiate a steel
surface with an energetic protbbeam. During the irradiation, the surface is kept in contact withthigperature LBE.

ICE-II constitutes a natural continuation of I€Experiment, where HD ferritic martensitic steel was exposed to
proton irradiation in the presence of LBE at higmperature. ICHl improved capabilities include monitoring oxygen
content in LBE and the ability to reach higher temperatures and dose valudsdBDEonstrated longerm routine
irradiations using the operating experimentaligetire possible allowg for systematic studies of combined effects
(chemistry, dose, and temperature).
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TUE-REP026 #395- Contributed Talk Tuesday 8:30 AM West Fork

Dual-Beam Irradiation of HT -9 Ferritic Stainless Steel: Preliminary Results

Marilyn E. Hawley, Ming Tand, Joseph R. TesnfefFeng Ref) Yonggiang Wany
®Materials Science and Technology Division, Los Alamos National Laboratory, Los Alamos NM 87545, United States
(Z)Department of Physics, Wuhan University, Wuhan, Hubei Province 87545, China

A fundamental issue in nuclear energy, fission, fusion, and fufsgsion hybrids, is the changes in material
properties as a consequence of time, temperature, and neutron fluence. Candidate materials for nuclear energy applications
are usually tested in nuclearactors to understand and model the changes that arise from a combination of atomic
displacements, helium and hydrogen production, and nuclear transmutations, however, such an approach takes much too
long for many high neutron fluence scenarios expeictedactors of the next generation. Alternatively, irradiation with
ions can be utilized to initiate the processes of radiation damage similar to that expected in the next generation nuclear
energy systems, but at much higher rates (a factor dferligher) than available neutron sources-bsam irradiation
brings several advantages to the problem of understanding radiation damage in materials, including performing critical
scientific studies on reasonable time scales. Furthermore, ion irradiate@sédraypd much lower residual activation,
allowing post irradiation examination to be performed much more quickly9 i$Tof considerable interest for elevated
temperature itore applications (cladding, wrappers, and ducts) for fast reactors, and asaltraeterials for fusion
reactors because of its excellent thermal properties and irradiation resistance (low swelling) relative to austersic stainle
steels. Los Alamos has recently implemented a dual radiation capability in the lon Beam Materia®bhakath sample
heating capability making it possible to study the synergistic effects resulting from irradiation using a dual beam of two
different ions and at elevated temperatures relevant to reactor conditions. We will present preliminaryaesditalfr
beam irradiation experiments on HgTat >200 dpa, and temperatures between 450°C and 480°C using 150'keXsHe
and 2 MeV Cf" ions.

TUE-REPO2P1 #84- Poster Tuesday 5:30 PMRio Grande

Comparative study of intrinsic and helium defects poduction due to collision cascades in bcc iron
and tungsten

Chunping Xd® XiangYang Liu', Fei Gad, Yonggiang Wany
WMaterials Science and Technology Division , Los Alamos National Laboratory, Los Alamos NM 87545, United States
@pacific Northvest National Laboratory, Richland WA 99352, United States
®School of Nuclear Science and Technology, Lanzhou University, Lanzhou Gansu 730000, China

We used molecular dynamics (MD) method to simulate displacement cascades in bcc iron (Fe) and\Wingsten
containing different concentrations of substitutional helium (He) atoms. The MD program used in this work is the
LAMMPS code. Primary knockn atom (PKA) energies, are from 1 to 10 keV, with varying He concentrations. The
influences of He atoms and Pkekergy on defect production are investigated. The interstitial clusters, vacancy clusters,
and the Hevacancy clusters produced directly within displacement cascades, as well as the nucleation mechanisms of these
clusters are studied.
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TUE-REPO031 #458- Invited Talk- Tuesday 1:00 PMWest Fork

The Use of Accelerated Radiation Testing for Avionics

Heather Marie Quinn
ISR3, MSD440, LANL, Los Alamos NM 87545, United States

High-altitude airplanes experience the highest neutron flux in the tertestvisonment. Furthermore, as the
terrestrial neutron flux also changes with latitude, longitude and altitude, most airplanes experience a widely varying
radiation environment. This radiation environment is known to cause sught effects in analog drligital components.

In particular, singlesvent upsets can cause bitflips in memory components, sugh transients in gates, singeent

latchup in components, or singdent gate rupture in power MOSFETS. While most of these savglet effectare not
permanently destructive, many of them can cause data reliability or availability issues. For unmanned aerial vehicles, which
often include science and/or military payloads, radiation effects in the analog and digital components can make fault
tolerant processing difficult.

Testing components for singérent effects in a neutron accelerator, such Los Alamos National Laboratory's
(LANL) Los Alamos Neutron Science Center (LANSCE), can provide aircraft designers valuable information about how
well thecomponents will work in deployed radiation environment. This type of testing can allow designers to determine if
component selection needs to be modified or mitigation of radiatotuced errors will necessary to meet their mission
goals. In this talk, & will explore how accelerate radiation testing can be useful at reducing risk and increasing availability
and reliability of the deployed mission.

TUE-REPO032 #430- Invited Talk- Tuesday 1:00 PMWest Fork

Atmospheric Radiation Effects on AvionicsSystems

Laura Dominik?
WHoneywell, 8840 Evergreen Blvd, Minneapolis MN 55433, United States
@perospace Vehicle Systems Institute (AVSI), 102 Graphic Services Bldg., College Station TX1.Z884ited States

Natural atmospheric radiation effsdtave been recognized in recent years as key safety and reliability concerns
for avionics systems. Atmospheric radiation causes Single Event Effects (SEE) in electronics. The resulting single event
effects can cause various failure conditions, includsmahdous misleading information and system failures in avionics
equipment. As technology trends continue to achieve higher densities and lower voltages, semiconductor devices are
becoming more susceptible to atmospheric radiation effects. Governmentstmueuspecifications increasingly require
assessments of the single event effects probability in electronics from atmospheric neutrons.

To ensure a system meets all its safety and reliability requirements, SEE induced upsets and potential system
failures need to be considered. Testing is needed when it has been determined that a part is both critical to system
performance and susceptible to radiation, no test data is available, and initial conservative estimates do not meet system
safety/reliability reqirements. Testing of ICs and systems for use in radiation environments requires the utilization of
highly advanced laboratory facilities that can run evaluations on microcircuits for the effects of radiation.
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TUE-REPO033 #288- Invited Talk- Tuesday 100 PM- West Fork

Radiation-Induced Effects in High Performance Computing Platforms

Sarah Michalak
Statistical Sciences Group, Los Alamos National Laboratory, PO Box 1663, MS F600, Los Alamos NM 87544, United States

High performance computing (HPClatforms may include thousands of nodes, ten of thousands of processors,
and hundreds of terabytes of memory. These systems are frequently used to perfesoalargeientific calculations,
which can require thousands of processors and take weeks tosnmicomplete. Radiatieinduced errors can affect both
application runtimes and the accuracy of scientific results. Radimiituted failures, e.g. those detected by a parity check,
can cause a node involved a calculation to crash. In this casstifeecalculation may need to be restarted from a
previouslysaved state, increasing the time until the calculation is completed. Radiatimed errors may also occur in
regions without error protection, e.g. parity checks or ezoorecting codeslin this case, they may result in silent data
corruption (SDC), which occurs when incorrect results are delivered without any accompanying error or warning message.
Because HPC platforms contain many replicates of different devices, e.g. microproceBswdv they are more
susceptible to radiatiemduced effects than smaller systems.

This talk focuses on studies of neutioduced effects on HPC hardware that were undertaken at the Los Alamos
Neutron Science Center (LANSCE) Irradiation of Chips arettEbnics (ICE) House facility at Los Alamos National
Laboratory. In one case, the results of neutream testing are consistent with the rate of parity errors observed in the
field that are presumed to be neutinduced. A second study permits estiimatf rates of neutreimduced crashes and
SDCs and considers whether different applications and different replicates of the hardware under test have differing
susceptibilities to neutreimduced errors.

TUE-REP034 #307- Contributed Talk Tuesday 1:0 PM- West Fork
Are mono-atomic amorphous semiconductorinhomogeneous on the nanoscée

Sjoerd Roorda
physique, Université de Montréal, 2900 Boulevard Edouard Montpetit, Montréal Québec H3C 3J7, Canada

Amorphous silicon and germanium are widely sidered to be a near perfect realization of a continuous random
network. However, a recent publication claims otherwise [1] and presents reverse Monte Carlo models of amorphous
silicon that, so it is claimed, fit diffraction data as well gsadticle corelations deduced from fluctuation electron
microscopy. These models consist of nanoscale crystalline matter ("paracrystallites") embedded in a disordered (but non
CRN) matrix and thus imply that@i and aGe are inhomogeneous on the nm scale. | will sfrement, very high
resolution, xray diffraction data on-&e [2] and reanalyze older diffraction data orSA and demonstrate that the models
presented in [1] daot fit the diffraction data. | will also discuss the intermediate and-tamge ordering aterved upon
thermal annealing.

[1] M. M. J. Treacy and K. B. Borisenko, Science 335, 950 (2012).

[2] S. Roorda et al, Phys. Rev. Lett., in press.
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TUE-REPO041 #312- Invited Talk- Tuesday 3:30 PMWest Fork

Combined theoreticatexperimental studies of defectinterface interactions in oxides

Blas Pedro Uberuaga
Materials Science and Technology Division, Los Alamos National Laboratory, MS G755, Los Alamos NM 87545, United States

It is well established that interfaces and grain boundaries cas afficient sinks for radiatieimduced defects.
However, many details of how interfaces interact with defects and how this interaction depends on the structure of the
interface are still uncertain. Here, we examine two types of coherent interfacedds-oiin film hetercbilayers and
non-stoichiometric planar defectsto determine how radiatieimduced defects interact with such interfaces and modify
the radiation tolerance of the material. In particular, we focus on the interface betweemtloixidiés and the SrTiO3
substrate on which they are grown as well asstoichiometric SrTiO3 in which the nestoichiometry is accommodated
by extra planes of SrO, forming a type of multilayer structure. Even though these interfaces are nearly falhy, coitie
no special atomic structure that leads to thermodynamic trap states at the interface, the interface nevertheless greatly
influences how the materials respond to the produced defects, at least in a transient regime where only some of the kinetic
processes are active. Both enhancement and degradation of radiation tolerance is observed, depending on which region of
the material is examined. We complement irradiation experiments with atomistic calculations and kinetic Monte Carlo
simulations to gaimsight into the origins of the behavior, identifying differences in the bulk behavior of defects on each
side of the interface as the important determiners. In particular, differences in chemical potential and bulk migration of
defects in each phase angpbthesized to be the controlling factors for this behavior.

TUE-REP042 #31- Invited Talk- Tuesday 3:30 PMWest Fork

Irradiation induced effects in nano- and microcrystalline ZrO2 ceramics

Adam Georg Balogh
Institute of Materials Science, Techelie Universitat Darmstadt, Petersenstr. 23, Darmstadt Hessen 64287, Germany

Defect formation and stability have been studied systematically on aadanicrocrystalline ceramic (ZrO2)
samples. Experiments focusing on defect formation in nano and coamsedyZrO2 showed agglomeration of defect
clusters (vacancies or interstitials) triggered by heavy ion irradiation. The density of the clusters clearly depends on
temperature and grain size. A dependence on the ion dose was also observed. Near geandreasdree of defects
were observed. From the evaluation of the defect free regions different diffusion mechanisms could be determined. Electron
irradiation experiments were also performed to investigate a different process of defect cluster fommhiooase,
defect clusters could not be formed immediately by the irradiation, but only afterahget diffusion. This is a
consequence of the lower deposition rates of the atoms during electron irradiation.

Additionally, systematic experiments fekieen performed to investigate the phase stability of the tetragonal phase
of nanocrystalline ZrO2 samples after the unexpected phase transition from monoclinic ZrO2 to tetragonal ZrO2 under
heavy ion irradiation. A dependence of the relative volumeeofatragonal phase on the ion dose was observed. In order to
investigate the thermal stability of the tetragonal phase, heat treatments of similar samples have been performed up to
1300°C. For samples that had been irradiated with high do&g&l @lions/m2 and higher) the tetragonal phase was stable
up to 900°C which is in good agreement with the sintering temperature. At higher temperatures a residual content of the
tetragonal phase of less than 5% was observed. Significant grain growth could notrbedoafter the irradiation
procedure.
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TUE-REP043 #459- Invited Talk- Tuesday 3:30 PMWest Fork
Radiation effects in nanocrystalline intermetallics

Askar R. KilmametoV®, Adam G. Balogh Mohammad Ghafdrf, Ruslan Z. Valie¥, Horst Hahh?
Dinstitute of Nanotechnology, Karlsruhe Institute of Technology (KIT) , HervantielmholtzPlatz 1, Eggensteiheopoldshafen
76344, Germany
@nstitute for Materials Science, Technical University of Darmstadt, Petersen str. 23, Darmstadt 6428 hyGerma
@Institute of Physics of Advanced Materials, Ufa State Aviation Technical University, K. Marx Str. 12, Ufa 450000, Germany

Nanocrystalline metals and alloys are attractive for advanced structural use under irradiation due to the expectation
of theirincreased irradiation tolerance. The annihilation of point defects produced by high energy irradiation depends
critically on the concentration of internal sinks. It is expected that nanocrystalline metals exhibit enhanced irradiation
resistance due to tharge volume fraction of internal defects, such as grain boundaries, phase boundaries, triple junctions
and dislocation walls. Bulk ordered nanocrystalline TiNi and FeAl alloys with various grain sizes were processed using
severe plastic deformation, naljbigh pressure torsion technique. Fullgnse nanocrystalline and coagsained
counterparts which possess a laeagge chemical ordering studied byrdy diffraction and Mdssbauer spectroscopy
methods to examine irradiation effects on the stabilityemradation of crystal superlattice. Comparative analysis of long
range disordering and amorphisation kinetics revealed essentially enhanced irradiation resistance of nanocrystalline
intermetallic alloys demonstrating their potential under irradiationitond. It was shown that at the equal damage dose
nanocrystalline samples are able to retain a-lamgie ordering while the coargeained counterparts were substantially
disordered or amorphised. The present experimental studies verify thatdngordered intermetallic alloys are
promising candidate materials for radiation environments.

TUE-REP044 #10- Invited Talk- Tuesday 3:30 PMWest Fork
lon irradiation -induced multishell nanopatrticles

Feng RenChangzhong Jiang
Physics, Wuhan Univsity, Luojiashan, Wuchang, Wuhan Hubei 430072, China

lon irradiation technology is a powerful method to fabricate and tailor nanomaterials. In this talk, we present the
fabrication of multishell nanoparticles (NPs) by ion irradiation. Ag NPs embedddlicanwere irradiated by I\ Si*, Ar?,
Cu' at 300 keV, by Clions at varying energies from 110 to 500 keV, or by iGaos at 400 keV to fluences varing from
1x10'° to 1x137 ions/cnt. The size of the irradiatisimduced nanocavities increases with insieg ion mass and energy,
and also depends on the nuclear and electronic energy losses of irradiation ions. The composition of the multishell NPs are
characterized by TEM technologies (HRTEM, HAADF, STH®S, STEMEELS). A model is set up to reproduce the
process of the iemanoparticle interaction and the formation of these multishell NPs. The behavior of the multishell NPs
under high temperature heating are observed {3jtinTEM.
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TUE-REP045 #264- Contributed Talk Tuesday 3:30 PMWest Fork

Optimal Conditions for High Current Proton Irradiations at the University of Wisconsin's
lon Beam Laboratory

C. J. Wettelant O. Albakif, K. G. Field, K. Sridharaf T. R. Allerf
DMaterials Science, University of Wisconsin Madison, 1509 UniversityuveMadison Wi 53766595, United States
@Engineering Physics, University of Wisconsladison, 1500 Engineering Driyéadison Wi 53708646, United States

The National Electrostatics Corporation's (NEC) Toroidal Volume lon Source (TORVIS) sokrmmis for

exceptionally high proton currents with minimal service
proton beam current are readily achievable within 10 minutes of source startup. Fstavezd target areas of
approximatgf2cnf, it has been possible to achieve 70 €A of prot

this magnitude may have many undesirable effects, especially for insulators. This may include high temperature gradients
at the surface, sputted, surface discharge, cracking or even disintegration of the sample. A series of experiments were
conducted to examine the role of sample charging in amorphous and single crystad&iChigh proton fluxes. Results

show the optimal proton irradiatiaronditions and target mounting strategies needed to minimize unwanted damage.

TUE-REP046 #159- Contributed Talk Tuesday 3:30 PMWest Fork
Destructive Malfunctions in Silicon Carbide MetalOxide-Semiconductor Devices Induced by lon Beams

Takeshi Ohshimd, Manato Deki? Takahiro Makind Naoya Iwamoth Shinobu OnodaKazutoshi Kojima
Takuro Tomitd, Shigeki Matsug Shuichi Hashimofo Toshio Hirad
®Japan Atomic Energy Agency, Watanuki, Takasaki Gunmda 39D, Japan
@The Univesity of Tokushima , Tokushima Tokushima-8306, Japan
®National Institute of Advanced Industrial Science and Technology, Tsukuba Ibara%885Japan

MetalOxide-Semiconductor (MOS) capacitors were fabricated-type 4HSIC epitaxial layers, ahthe leakage
current through the gate oxide during heavy ion irradiation was investigated in order to evaluate dielectric breakdown
induced by heavy ions (Single Event Gate Rupture: SEGR). The samples used in this study-i€r&$ capacitors
fabricaked on ntype epitaxial layers grown on-&ice ntype 4HSiC substrates. The gate oxide at thickness ranges between
60 and 80 nm was formed using pyrogenic oxidation (H2 : O2 = 1:1) at 1100 C for 60 min. Circular electrodes with 180
mm diameter were formeadsing Al evaporation and a li€iff technique. The leakage current observed through the gate
oxide was monitored during 18 MeV oxygen (O) or nickel (Ni) ions. As a result, although no significant difference in the
value of the electric field at the dietéc breakdown (around 8.2 MV/cm) was observed betweermadiated and
18MeV-0 irradiated samples, the value decreased to be 7.3 MV/cm in the case of 48i Me\incidence. The Linier
Energy Transfer (LET) for 18 Me¥D is 7 MeVcm2/mg, and this valug $maller than that for 18MeMi (24
MeVcm2/mg). Also, 18 MeWi ions deposit energy in narrower regions than 18 MeWns. Thus, it can be concluded
that the high density of charge induced by 18 Méi\ons triggers SEGR in SiC MOS capacitors.
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TUE-REPGI-P1 #143- Poster Tuesday 5:30 PMRio Grande
Structure and magnetic properties of irradiated Fe/Fe oxide corshell nanoclusters

John S. McClo¥; Weilin Jiand, Jennifer Sundararajai¥ou Qiang, Edward Burkd Kai Liu®
®pacific Northwest Bitional Laboratory, Richland WA 99352, United States
@University of Idaho, Moscow ID 83844, United States
®University of California, Davis CA 95616, United States

A cluster deposition method was used to produce a film of loosely aggregated paftiedse,0, coreshell
nanoclusters with an 8 nm iron core size and 2 nm oxide shell thickness. The film of particles on a silicon substrate was
irradiated by 1& cm? Si** ions at room temperature, and computer simulations (SRIM, Stopping and Rangs iof 1o
Matter) show that the implanted Si species penetrate through the entire film and into the substrate. The ion irradiation
creates a structural change in the film with corresponding chemical and magnetic charayedifiXaction shows that the
core &ze and chemistry stay the same but the shell becomes FeO that grows to a thickness of 17 nm. Helium ion
microscopy shows that the previously separate particles have densified into a nearly continuous film. Major loop magnetic
hysteresis measurements shewecrease in saturation magnetization that we attribute to the presence of the
antiferromagnetic (AFM) FeO shell. First order reversal curve measurements on the irradiated film performed with a
vibrating sample magnetometer show that the AFM shell prevkatparticles from interacting magnetically, leading to
low coercivity from the iron core and little bias field from the core interactions. These results, and others presented
previously on different chemistries & or FeO+FeN nanoclusters), show ththe ion irradiated behavior of nanocluster
films such as these depend strongly on the initial nanostructure and chemistry.

TUE-REP04P2 #147- Poster Tuesday 5:30 PMRio Grande

Study of the monoclinictetragonal phase transition of zirconia by 15 MeV proton bombardment

S.C. Yang, Y.H. SheA R.T. Huan§ Y.C. YV
Winstitute of Materials Engineering, National Taiwan Ocean University, Keelung 20224, Taiwan
@Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

Zirconium alloys geerally are used as cladding elements in nuclear plants because of the low absorption cross
section of zirconium. This oxide layer drastically modified the mechanical and thermal behavior of cladding elements could
diminishes the lifetime of the nuclear epand the behavior of zirconia under irradiation also has been attracted great
attention. The implantation parameters (energy, ion dose, substrate temperaturesiandraealed temperature) play a
vital role in the resultant phase transition of zii@omn this study, zirconia of monoclinic (m) phase was first prepared by
commercial purchase and the internal oxidation ofA&gr, alloys, respectively, to study the phase transition of zirconia
under irradiation with free surface and nanumfinement guations. Here, the particles size or grains size of pure
monoclinic zirconia are ranging from 20 to 60 nm. 1.5 MeV protons were following implanted into the two kinds of
specimens, i.e., pure monoclinic zirconia free particles and internal oxides,ueiticdls from 1xT8to 1x103°ions/cnt
by using a NEC 3 MV tandem accelerator. The effect of implanted doses, were studied and characterized by using
transmission electron microscopy (TEM) anday diffractometer (XRD). Accordingly, tetragonal (t) zirconia
characteristic peak appeared with the proton doses abové®lorifcnt for the free particles of zirconia, while tetragonal
zirconia characteristic peak all appeared at the proton doses range frotht@xa.d° ions/cnf. Apparently, the m to t
phasetransition for zirconia free particle can be accomplished with the above threshold of requiring doSeig¢hs/Ar),
while the internally oxidized zirconia could show the m to t phase transition at lower proton dos# idnslén?) due to
nanoconfinerant effect. The further results and study on the m to t phase transition to the two kinds of zirconia will be
presented.
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TUE-SSCD011 #234- Invited Talk- Tuesday 1:00 PMPecos Il

National and International Standards for the Imaging Performance ofGamma-ray or X-ray Cargo and
Vehicle Inspection Systems

Paul M Bergstrom
Physical Measurement Laboratory, National Institute of Standards and Technology, 100 Bureau Dr, Gaithersburg MD 20899,
United States

While cargo and vehicles have been subjectewbteintrusive inspection (NII) by xays or gammaays for some
time, there have been no standards providing test methods to measure image quality indicators (1QIs) until recently. The
first such standard IEEE/ANSI N42.46, published in 2008, specifiesltgcts and provides test methods for simple
penetration, contrast sensitivity, spatial resolution and wire resolution for transmission systems and similar objects for
backscatter systems. The more recently published standard IEC 62523 provideefentlifbjects and trest methods for
these IQIs and also provides a test for materials discrimination. The work presented here discusses the similarities and
differences between these standards, results obtained for 1Qls using the test objects and nceti@aspds to harmonize
the standards. In addition, current efforts to modify the IEEE/ANSI standard will be discussed.

TUE-SSCD012 #304- Invited Talk- Tuesday 1:00 PMPecos Il

Z-SPEC: Bremsstrahlung Transmission Spectroscopy for-Determination

Tsahi GozaniCraig Brown, Mashal Elsalim, Willem G.J. Langeveld, Michael J. King, Joseph Bendahan
Rapiscan Laboratories, Rapiscan Sysselnc., 520 Almanor, Sunnyva&d 94085, United States

The most common method of luggage or cargo inspecti¥ray radiography. The basic information it provides
is a twadimensional projection image of the areal density of the material traversed by the beeagfthe human
screener (aided by computer image enhancements) then tries to identify anomadesgtsitacould be an object of
interest, such as drugs, explosives, nuclear material or some other specific items. Radiographic images, however, do not
provide material composition, which is needed to detect most potential threats.

Over the years, attemptvere made, with differing degrees of success, to extract material information from the x
rays. For cargo inspection, the most common method iseshgahy imaging (e.g. 6 and 9 MeV). In recent years,
significant progress was achieved inauaticdetecton of highZ elements (typically Z > 70) employing algorithmic
image analysis, higenergy backscatteredray-generated electron bremsstrahlung and transmitteg statistical
("noise") analysis ("ZSCAN").

Transmission xay spectroscopy, called “PEC", was studied extensively over the last few years. It extracts in
the fullest possible way the Z information contained-hays transmitted through a cargo. The basic physics is quite
straightforward. The transmittedray bremsstrahlung spectrunbising shaped by the three key phetdam interaction
processes: the photoelectric effect, Compton scattering and pair production, each with very different Z dependence. Thus,
measuring the actual transmitted energy spectra provides information onahaesigity of the various substances
traversed by the-rkay beam. These spectra can be unfolded to yield the Z distribution of the inspected cargo. The principles
and measurement results demonstrating the capabilities and range of applicability of ttk emefiioying existing and
future detectors, will be shown.
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TUE-SSCDO0O1P1 #235- Poster Tuesday 5:30 PMRio Grande

Methods for Evaluating the Active Neutron Interrogation Detection Limits of Shieled Highly
Enriched Uranium

Scott J. ThompsgrEdwad H. Seabury, David L. Chichester
Idaho National Laboratory, 2525 Fremont Avenue, Idaho Falls ID 83415, United States

An extensive modeling campaign was recently performed to study the utility of active neutron interrogation of
heavily shielded highlyriched uranium (HEU). This study spanned a wide parameter space that included HEU mass,
shielding materials and thicknesses, incident particle energy, source duty cycle and operating frequency, measurement
duration, and environmental background deteatides. Scenario performance comparisons of several detection signatures
were performed in this effort, bringing about the development of a set of automated tools and algorithms that utilize
standard statistical methods to evaluate detection outcomiddigds. These tools allow for the behavior of fals¢ection
rates, both falspositive and missed detection outcomes, to be monitored not only as a function of measurement time, but
with respect to one another as well. A summary of these automatedtabthe statistical methods behind them is
provided.

TUE-SSCDO021 #22- Contributed Talk Tuesday 3:30 PMPecos Il
Neutron detection in a high gamma ray background with liquid scintillators

Luca StevanafpDavide Cestér Giancarlo Nebbfa Giuseppe Viesti
‘”Dipartimento di Fisica e Astronomia Galileo Galilei, Universita degli studi di Padova, Via Marzolo 8, Padova 35131, ltaly
@sezione di Padova, INFN, Via Marzolo 8, Padova 35131, Italy

One of the current problems in Homeland Secuajiplications is the quest for neutron detectors that would
represent a suitable alternative to the standtdedproportional counters[1]. The requested characteristics of neutron
detectors include the capability of maintaining a good selection of neligrmaiswhen operated in a very high gamma ray
field (corresponding to 100 e€Sv/h). This particular perf
Special Nuclear Material with commercial gamma emitters. This requirement has beenynmamsiated into "gamma ray
insensitivity" of the neutron detectors, using simple devices with high sensitivity to neutrons and low efficiency for gamma
rays. As a consequence, organic liquid scintillators have not been considered for such applatatiolgSor the chemical
hazard (toxicity and flammability) but also for their intrinsically good gamma ray efficiency. Nowadays with the
development of new materials intrinsically more secure in the field of liquid scintillators, it is interestingnsidecthe
possibility offered by these detectors. On the other hand, a recent work has shown how difficult it would be detecting
neutrons in very high gamma ray field by using standard analogiecdrmhélectronics[2]. We have explored the capability
of liquid scintillators (2"x2" cells of EJ301 and EJ309) of detecting neutrons in a very high gamma ray background by
using digitizers with a hybrid Pulse Shape Discrimination technique. A GYXER2O (250MS/s Digitizer) has been used to
perform digital pulsgrocessing by FPGA. By filtering the FPGA data with a fastiné algorithm, a weak®’Cf source
has been detectedinahiffCs gamma ray background corresponding to 300
compliance with IEC requirements for hameld instruments.

[1] R.T. Kouzes et al., NIMA 623 (2010) 103945

[2] L. Swiderski et al., NIMA 652 (2011) 33833
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TUE-SSCD022 #315- Contributed Talk Tuesday 3:30 PMPecos Il

A Whole-System Approach towards XRay Spectroscopy in Cargo Inspd®mn Systems

Willem G J LangeveldTsahi Gozani, Peter Ryge, Shrabani Sinha, Tim Shaw, Dan Strellis
Rapiscan Laboratories, Inc., 520 Almanor Ave, Sunnyvale CA 94085, United States

The bremsstrahlung-pay spectrum used in higgmergy, higkintensily x-ray cargo inspection systems (CIS) is
attenuated and modified by the materials in the cargo Hl@péndent way. Therefore, spectroscopy of the detected x rays
yields information about the Z of therayed cargo material. It has previously been shthahsuch ZSpectroscopy (Z
SPEC) is possible under certain circumstances. A statistical approe&€ANX (Z-determination by Statistical Courdte
ANalysis), has also been shown to be effective, and it can be used either by itself or in conjunceSREEG when the
X-ray count rate is too high for individualray spectroscopy. Both techniques require fastyxdetectors and fast
digitization electronics. It is desirable (and possible) to combine all techniques, includingwaging of the cargan a
single detector array, to reduce cost, weight, and overall complexity.

In this presentation, we take a whalgstem approach tenay spectroscopy in-ray cargo inspection systems,
and show how the various parts interact with one another. Fastetaistand readut electronics are beneficial for both
techniques. A higher duffactor xray source allows lower instantaneous count rates at the same ovenalhiensity,
improving the range of applicability of-BPEC in particular. Using an intetysmodulated advancedray source
(IMAXS) allows reducing the xay count for cargoes with higher transmission, and a stesésettor approach may help
material discrimination for the lowest attenuations. Image processing and segmentation allow defivatialts for entire
objects, and subtraction of backgrounds.

We discuss R&D performed under a number of different programs, showing progress made in each of the
interacting subsystems. We discuss results of studies into faster scintillation desedtimiote photedetectors, readut
and digitization electronics, higluty-factor xray sources, image processing techniques, and how these elements work
together to enable spectroscopic techniques. In sum, we present an integrated picture of Cl$iapfionizaay
spectroscopy.

TUE-SSCD023 #381- Contributed Talk Tuesday 3:30 PMPecos Il

Large Area Liquid Argon Detectors for Interrogation Systems

Charles K Gar; Steve Kank Craig BrowA, John Kwon§ Tsahi Gozadj Michael Kind, Danel McKinsey,
James Nikké| Greg Smith Murray Firestonk
®2003 East Bayshore Rd, Redwood City CA 94303, United States
(Z)Rapiscan Systems, 520 Amanor Avenue, Sunnyvale CA 94085, United States
®Department of Physics, Yale University, P.O. Box1208 New Haven CT 06520, United States

Measurements of time resolution, energy resolution and detection efficiency for gamma rays are presented for two
prototype liquid argon (LAr) detectors that were fabricated and tested. Originally developed te pnasklve, sensitive
detectors for dark matter experiments, liquid noble gas detectors are ideally suited for large interrogation systems. Liquid
argon (LAr) is potentially the lowest cost technology for large area detectors, and its fast responsesrggadssiution
and excellent neutron/gamma discrimination make it an ideal technology for portal interrogation systems, including those to
detect special nuclear materials (SNM). Of all noblelggsed scintillators, liquid xenon (LXe) detectors havedbtest
response time with a scintillation light decay of 20 ns. However, a x@oped liquid argon detector (LAr(Xe)) can
achieve similar timing by introducing a small concentration (~0.2%) of xenon into the argon. This shortens the normal
decay timeof 1500 ns for LAr to close to 100 ns. The small necessary amount of Xe allows a scintillator with the speed
and light yield of LXe, but with the cost of LAr. In addition, LAr detectors can provide energy resolution approaching that
of Nal and can have egllent gamma ray detection efficiencies due to the large detection volumes that can be achieved.
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TUE-SSCD024 #355- Contributed Talk Tuesday 3:30 PMPecos Il
Design Considerations for a Liquid Krypton Detector of Gammas below 12 MeV

Michael Hsack David Koltick
Department of Physics, Purdue University, 525 Northwestern Avenue, West Lafayette HR@EF®0Inited States

Liquid krypton has been used widely for electromagnetic calorimeters for charged particles and gamma rays above
100 MeV. Despite the significant price advantage of krypton over xenon, little work has been done with liquid krypton
detectors for energies in the range 200 keV to 12 MeV, important for neutron elemental analysis applications. We present
the estimated energy rdstion and rate capabilities of a LKr gamma ray detector including the effects of beta decays
arising from Kr85, scintillation light acceptance and decay time on signal analysis. These difficulties can be overcome
with careful optimization of the detectdimensions, doping the Kr with Xe to improve its timing characteristics, and fast
trigger electronics to eliminate detithe from beta decays. While the presence e8Kidoes not allow charge collection
over the full volume, the effect of charge samglover a limited volume to improve energy resioin and rates are
presented.

Signal simulations are presented to show the expected impact of beta decays on gamma energy resolution and
photopeak efficiency and also allow the investigation of simple-pieejection strategies to be implemented with an
FPGA. We provide a systeA®vel overview of electronics that could be used for such measurements. Initial
measurements of the activity of our krypton supply are also presented.

TUE-SSCDO02P1 #36- Poster- Tuesday 5:30 PMRio Grande

Effect of Hydrogen Contents of Bulk Samples on High Energy Gamma Ray
Response of a LaGltCe Detector

Akhtar A. Naqgvf, Faris A. AFMatoud, Fatah Z. Khiafi A. A. Issal3
Wphysics, King Fahd University of Petroleand Minerals, Dhahran, Dhahran Eastern Province 31261, Saudi Arabia
@Chemistry, King Fahd University of Petroleum and Minerals, Dhahran, Dhahran Eastern Province 31261, Saudi Arabia

The response of a cylindrical 3 inches x 3 inches (height x dianhet€f):Ce detector was measured for high
energy prompt gamma rays from hydrogen, carbon and oxygen in the bulk samples produced through inelastic scattering of
14 MeV neutrons from benzene, water, toluene, propanol, ethanol and methanol bulk samptemtSiference has
been observed between chlorine prompt gamma rays from the Ca@letector material and oxygen prompt gamma ray
from the samples for samples containing higher concentration of hydrogen. Despite of the chlorine and oxygen prompt
gamma rgs interference, the experimental yield of high energy prompt gamma ray of hydrogen, carbon and oxygen
measured with the LagCe detector based PGNAA setup has an excellent agreement with the results of Monte Carlo
calculations. The agreement indicatesadbent performance of the La@@Te detector for detection of hydrogen, carbon
and oxygen in bulk samples.
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WED-AP06-1 #56- Invited Talk- Wednesday 8:30 AMEIm Fork

Atomic data of tungsten for current and future uses irfusion and plasma science

Peter Beiersdorfedoel Clementson
Physics Division, Lawrence Livermore National Laboratory, 7000 East A260l Livermore CA 94550, United States

Atomic physics has played a very important role throughout the histopefienental plasma physics. For
example, accurate knowledge of atomic properties has been crucial for understanding the plasma energy balance and for
diagnostic development. With the shift in magnetic fusion research toward the vetgimigérature burnmplasmas like
those expected to be found in the ITER tokamak, the atomic physics of tungsten has become of high importance. Tungsten
will be a constituent of ITER plasmas because of its use as a plasimg component able to withstand high heat loads
ard with a lower tritium retention than other possible materials. Already, ITER diagnostics are being developed based on
using tungsten radiation. In particular, the ITER Core Imagingy<Spectrometer (CIXS), which is designed to measure
the core ion tempature and bulk plasma motion, is being based on-tag emission of neonlike tungsten ions (W64+).

In addition, tungsten emission will be measured by extreme ultraviolet (EUV) and optical spectrometers to
determine its concentration in the plasma anddssess power loss and the tungsten sputtering rate. Moreover, tungsten is
used on presettay tokamaks in preparation for ITER. The Wolfram Project at Livermore produces data for tungsten in
various spectral bands:ghell xray emission for CIXS developent, soft xray and EUV Mshell and Nshell tungsten
emission for understanding the edge radiation from ITER plasmas,-ahdIEUV emission for developing spectral
diagnostics of the ITER divertor. Here, we present some of the atomic data we havethasislg spectrometers on
various plasma devices.

Work was performed under the auspices of the DOE by LLNL under contradiI3P-07NA27344 as part of the
IAEA Coordinated Research Project "Spectroscopic and Collisional Data for Tungsten from 1 e¥6'.20

WED-AP06-1 #274- Invited Talk- Wednesday 8:30 AMEIm Fork
Charge Exchange and AtomSurface Collisions in Astrophysics

Ara_Chutjiart, John A. MacAskilt, Stojan M. Madzunkady Jurij Simcié, David R. Schultz
WAtomic and Molecular PhysscGroup, Jet Propulsion Laboratory/Caltech, 4800 Oak Grove Drive, Pasadena CA 91109, United States
@Department of Physics, University of North Texas, Denton TX 76203, United States

Molecular effects involving highly charged ions, atoms, and collisigtisdust grains are present in, for example,
the solar winecomet interaction, the interplanetary region, circumstellar clouds, and the interstellar medium. The relevant
astrophysical objects will be presented and recent results given for charge exhemgemission, and atosurface
collisions leading to formation of larger molecules. Observations using the Herschel Space Telescope have raised the
guestion of why there is so much water in the Universe. Laboratory experiments for water formaticrngoaimsyill be
discussed.

WED-AP06-2 #291- Invited Talk- Wednesday 8:30 AMEIm Fork
Collisional-radiative modeling for neutral beams in fusion plasmas

Yuri Ralchenkd, Olexander MarchdkWolfgang Bief, David R. Schult?
®National Instituteof Standards and Technology, 100 Bureau Dr, MS 8422, Gaithersburg MD 20899, United States
@|nstitute of Ener%;y and Climate Research, Forschungszentrum Juelich, Juelich 52425, Germany
@ University of North Texas, Denton TX 76203, United States

Powerfu beams of neutral particles are extensively used in fusion devices, such as tokamaks and stellarators, to
heat and diagnose the magnetically confined plasmas. The radiative spectra due to interactions between the neutral beam
and the plasma particles pide valuable information on plasma fields, temperatures and densities, and other important
parameters. | will present the recently developed collisicaibtive (CR) models used for analysis of two of the widely
used spectroscopic techniques. First,lly time-dependent CR model for charge exchange recombination spectroscopy
was used to study important physical processes resulting in emission betweerekaifielyf states of Hike Ar. Then, a
new CR model for aresolved parabolic states of hydrogenathihas been successfully applied to explain motional Stark
effect (MSE) spectra from tokamak plasmas is presented.
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A new method for calculation of collisional cross sections between parabolic states was developed and used to
compute the required atomic datt is shown that the sigmand ptcomponent intensities under typical fusion conditions
cannot be described by statistical (Boltzmann) distribution and therefore require a complete CR analysis. | will also discuss
non-statistical behavior of parabolgtate populations in a wide range of plasma parameters.

WED-APO06-3 #354- Invited Talk- Wednesday 8:30 AMEIm Fork

An accelerator-based insitu surface diagnostic for plasmawall interactions science on the Alcator @Mod
magnetic fusion tokamak

Zadhary S Hartwig Dennis G Whyte, Harold S Barnard, Brandon N Sorbom, Peter W Stahle
Plasma Science and Fusion Center, Massachusetts Institute of Technology, 77 Massachusetts Ave, Cambridge MA 0213@sUnited Sta

Boundary science in magnetic fusion degice ®verely hindered by a dearth ofsitu diagnosis of plasma facing
component (PFC) surfaces. The ideasitu PFC diagnostic would perform surface composition measurements on a plasma
shotto-s hot ti me scale with 1 & m ribmg@RFE areas. do this endnthe cystamary a | resoa
laboratory surface diagnostiaiuclear scattering of MeV ionds being adapted to the AlcatorMlod tokamak. A compact
(~1 m), highcurrent (~mA) radiefrequency quadrupole accelerator will inject 0.9 MeVtéeons into the vacuum vessel.

The deuterons are then steered to PFC surfaces with the tokamak's magnetic fields in between plasma shots, where the
deuterons induce higQ nuclear reactionswithlo® i sot opes in the firsted@gabmasm of PF
and neutrons are detected using custlesigned, compact scintillation detectors, with energy spectroscopy providing
guantitative surface analyses. Technigues to measure the thicknessZoPBW@ film coatings as well as the quantity of
retainedhydrogenic plasma fuel are presented along with simulated measurements by ACRONYM, a comprehensive

Geant4 synthetic diagnostic for&itu ion beam analysis of PFCs. Provided that the diagnostic is installed on schedule in

early summer of 2012, validatiafforts and first physics results will also be discussed.

WED-AP06-4 #398- Invited Talk- Wednesday 8:30 AMEIm Fork
The application of atomic physics within fusion plasma impurity diagnostics

Stuart_Loch, Connor Ballance Mitch Pindzold, Don Griffin?
(1)Physics, Auburn University, 206 Allison Lab, Auburn AL 36849, United States
@physics, Rollins College, Winter Park FL 32789, United States

A brief overview is presented of the electiionpact processes commonly used in fusion plasmand&tigs.
Applications for use in impurity influx and impurity transport are given, along with examples of recent atomic data that
have been generated. With the focus of ITER on the transport and emission properties of tungsten, generating atomic data
for complex species has received a lot of interest. Perturbative approaches do not work well for near neutral systems, so
calculating norperturbative collision data for near neutral complex species presents a particular challenge. Recent results
on Mo" are given as an illustration of how the diagnostics applications can guide the theoretical calculations for such
systems.
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WED-AP065 #334- Contributed Talk Wednesday 8:30 AMEIm Fork

Electrostatic Storage Ring With Focusing Provided by the Space @nge of an Electron Plasma

Jose L. Pache¢&arlos A. Ordonez, Duncan L. Weathers
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®J6203nited States

Electrostatic storage rings are used for a varietyaha physics studies. An advantage of electrostatic storage
rings is that heavy ions can be confined. Described here is the concept of an electrostatic storage ring that employs the
space charge of an electron plasma for focusing confined ions. Aroadtiadvantage of the present concept is that slow
ions, as well as stationary ion plasma, can be confined. The concept employs an artificially structured boundary which is
defined as a boundary that produces a spatially periodic static electromagtttietfere the spatial period and range of
the field are much smaller than the dimensions of a plasma or cheaiggerle beam that is confined by that field. An
artificially structured boundary is used to confine a-nentral electron plasma along theratge ring. The electron plasma
is effectively unmagnetized, except near an outer boundary where the confining electromagnetic field resides. The electron
plasma produces a radially inward electric field, which focuses the ion bearmo8si$tently competd radial beam
profiles are reported. Results of preliminary experimentation are also reported.

WED-AP06-6 #436- Contributed Talk Wednesday 8:30 AMEIm Fork

2ps213x1-3x13d™ Coster Kroing transitions and Shake off process of LaX-Ray Satellites spectra in 3d,
4d and 5d transition elements.

Surendra Poonia
Division of Natural Resources and Environment, Central Arid Zone Research Institute, JoBAp00O3, Rajasthan, India, Central Arid
Zone Research Institute, Jodhpu842003, Rajasthanndia, Dr. Surendra Poonia, S/O Dr. Fateh Singh PooniaCl®ahaveer
Colony, Ratanada, JodhpuiB42001, Rajasthan, Jodhpur Rajasthan 342001, India

The X-ray satellite spectra arising due to,2Bx*-3x'3d* (x = s, p, d) transition array, in elemsmith Z = 40
to 92, have been calculated. The energies of various transitions of the array have been determined by using available HFS
data on 13-2p'3x* and 2p,;*-3x™,3x™ Auger transition energies and their relative intensities have been estimat
considering crosssections of singly ionized 2Xx = s, p) states and then of subsequent CK and shake off processes. The
calculated spectra have been compared with the measured satellite energiepétira. Their intense peaks have been
idertified as the observed satellite lines. It has been established that six satellites observed in the La regierapf the X
spectra of various elements and namgda@as, ', & and & in order of increasing energy are mainly emitted by,2pd™-
3d? transitions. On the basis of agreement between computed spectra and measured satellites, It is observed that the
satellite gin 40Zr t0 46Cd and a' inW to g,U is emitted by the superposition of the most intense tranSHeTF,,
contributing in ordeof decreasing intensity. It has been well established that the trart&iitiB, is the main source of the
emission of the satellite,n the spectra of elements with Z =-48. The same transitidirs- G, and other two transitions
namely'P;-'D, and'F5-'D, have been proved to be the main origin of the satellftereported in the range Z = -B2.
Further, the line sin the spectra of elements with Z = 488 has been assigned to mainly ibe-*F,, °D,-°Fs, *P;-'D, and
'F;-'D, transitions. Final, the satellite § reported in the spectra of elements with Z =924 has been associated with the
transition®Ds-°F,.
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WED-APO6-P1 #271- Poster Wednesday 5:30 PMRio Grande
Accelerator-Based Fusion vith a Low Temperature Target

Ryan E. Phillps Carlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®J6203nited States

Neutron generators are in use in a number of scientific and commercial endeavors. They function by triggering
fusionreactions between accelerated ions (usually deuterons) and a stationary cold target (usually containing tritium). This
setup has the potential to generate energy. It has been shown that if the energy transfer between injected ions and target
electrons isufficiently small, net energy gain can be achieved. Three possible avenues are: (a) a hot target with high
electron temperature, (b) a cold roautral target with an electron deficiency, or (c) a cold target with a high Fermi energy.

A study of the thircpossibility is reported in light of recent research that points to a new phase of hydrogen, which is
hypothesized to be related to metallic hydrogen. As such, the target is considered to be composed of nuclei and delocalized
electrons. The electrons aredted as conduction electrons, with the average minimum excitation energy being

approximately equal to 40% of the Fermi energy. The Fermi energy is directly related to the electron density. Preliminary
results indicate that if the claimed electron deesitn the new phase of hydrogen were achieved in a target, the energy
transfer to electrons would be small enough to allow net energy gain.

WED-AP06-P2 #272- Poster- Wednesday 5:30 PMRio Grande

Classical Trajectory Monte Carlo Code for Simulatinglon Beam Focusing or Defocusing With Magnetic
Elements Modeled as Current Loops or Current Lines

Ryan A. LaneCarlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®F6203nited States

A computtional tool is described that can be used for designing magnetic focusing or defocusing systems. A fully
threedimensional classical trajectory Monte Carlo simulation has been developed. lon trajectories are simulated in the
presence of magnetic elemetitat can be modeled as any combination of current loops and current lines. Each current
loop or line may be located anywhere in the system and oriented along any of the three coordinate axes. The configuration
need not be axisymmetric. The solutions araimed using normalized parameters, which can be used for easily scaling the
results. Examples are provided of the utility of the code.

WED-AP06-P3 #273- Poster- Wednesday 5:30 PMRio Grande
Formation of Magneto-Bound States of Positronium and Prtonium

Jose R. CorredCarlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®06203nited States

A magnetebound state is defined as a matia@timatter tweparticle quasbound system that hassitive total
energy, where the energy of the system is defined to be zero when the two particles are at rest with infinite separation. A
magnetebound state is a state in which the two particles have equal mass and opposite charge, and the twargarticles
temporarily bound due to the presence of an external magnetic field. The formation and dissociation ofbnagdeto
positronium and protonium is investigated via thdémensional classical trajectory simulations. The investigation yields
informationon the formation crossection, the lifetime (before dissociation occurs), and the drift velocity of magneto
bound states of positronium and protonium. Various timescales are compared, including the-bmgrformation
timescale, the lifetime, and ads timescale (due to drifting to a wall). These timescales are also compared to the timescale
for annihilation to occur for unmagnetized positronium and protonium.
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WED-AP06-P4 #275- Poster Wednesday 5:30 PMRio Grande
Simulation of an Antihydrogen Gravity Experiment Utilizing Multiple Apertures

Ryan M. Hedlof Carlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®J6203nited States

A classical trajectory Monte Carlo simulation ofamtihydrogen gravity experiment that would employ multiple
apertures is presented. Such an experiment may be possible at the CERN Antiproton Decelerator facility. The simulation
was developed with the primary goal of reducing the experimental run timssaegéo determine the direction of free fall
acceleration for antimatter in the gravitational field of the earth. The experiment would confine a cryogenic antihydrogen
plasma for producing antihydrogen (e.g., by tHoedy recombination). A cylindrical dt tube would have a horizontal
axis of symmetry, with two series of coaxial apertures positioned on either side of the region for antihydrogen production.
The experiment would employ a detector capable of distinguishing between cosmic rays and aatitaindglations.

The distribution of annihilations on the drtfibe would be azimuthally asymmetric for a short distance beyond each
aperture depending on the direction of the gravitational acceleration of antimatter. The Monte Carlo simulation is used t
determine the number of azimuthally asymmetric annihilations that could be expected for specified experimental
parameters.

WED-APO06-P5 #277- Poster- Wednesday 5:30 PMRio Grande

Dual Levitated Coils for Antihydrogen Production

Joshua D. WoffordCarlos A. Ordonez
Department of Physics, University of North Texas, 1155 Union Circle #311427, Denton Texa®J8203nited States

Two coaxial superconducting magnetic coils that carry currents in the same direction and that are simultaneously
levitated may serve for antihydrogen plasma confinement. The configuration may be suitable for use by a collaboration at
the CERN Antiproton Decelerator facility to test fundamental symmetries between the properties of hydrogen and
antihydrogen. Nested Pennirrgps are currently used to confine recombining antihydrogen plasma. Symmetry studies
require the production of sufficiently cold antihydrogen. However, plasma drifts within nested Penning traps can increase
the kinetic energy of antiprotons that form aptifogen atoms. Dual levitated coils may serve to confine relatively large,
cold, dense nodrifting recombining antihydrogen plasmas. A minim@magnetic field that is produced by the coils
could provide for atom trapping. The possibility of using thefigomation for other applications, such as for confining
fusion plasmas, is discussed. A toroidal plasma is confined between the coils. High density plasmas may be possible, by
allowing plasma pressure to balance mechanical pressure to keep the coiBragegss is reported on theoretical and
experimental efforts. The theoretical effort includes the development of a classical trajectory Monte Carlo simulation of
confinement. The experimental effort includes levitation of a NdFeB permanent ring magjcbtproduces a magnetic
field that is qualitatively similar to the field that would be produced by the two coaxial superconducting magnetic coils.
Liquid-nitrogencooled Bi2223 hightemperaturesuperconducting components, with a critical temperatur®@®Kl, were
used to levitate the ring magnet. The experimental results indicate that, to avoid tilts, the two coaxial superconducting
magnetic coils must be surrounded with a superconducting cavity.
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WED-AP0O6-P6 #335- Poster- Wednesday 5:30 PMRio Grande

Simulations of Charged Particles Trapped by a CylindricallySymmetric Artificially
Structured Boundary

Allen S. Kiester Jose L. Pacheco, Carlos A. Ordonez, Duncan L. Weathers
Department of Physics, University of North Texas, 1155 Union Circle423] Denton Texas 762017, United States

The ALPHA Collaboration's trapping of antihydrogen has brought antimatter research to the forefront of scientific
interest [Andresen et al., Nature Physics DOI:10.1038/NPHY S2025]. Antihydrogen is currentlggatdxy the threbody
recombination of positron and antiproton plasmas that interact in a Peéviaintberg trap at cryogenic temperatures. The
antiproton plasma contained in a PenAigimberg trap is subject to ExB drifts. Because the produced antgemiftas a
similar kinetic energy distribution to the antiproton plasma, an ExB drift can increase the average kinetic energy of the
antihydrogen and make it less likely to be confined with the minifBuronfiguration used in the PenniWpimberg trap.

A simulation of an alternative trapping configuration that could reduce plasma kinetic energy is presented. A three
dimensional cylindricallysymmetric artificially structured boundarye., a boundary that produces periodic shange

static fields to refleccharged particles studied by computational simulations that calculate single particle trajectories for
particles of different mass and charge. The results show that both positively and negatively charged particles can be
contained simultaneously.

WED-APO6-P7 #336- Poster- Wednesday 5:30 PMRio Grande

Simulations of Charged Particle Reflection by an Atrtificially Structured Boundary

Aimee L. E. Ayton Jose L. Pacheco, Carlos A. Ordonez, Duncan L. Weathers
Department of Physics, University of KoiTexas, 1155 Union Circle #311427, Denton Texas 76203, United States

In an effort to identify an alternative to existing tspecies charged particle traps, such as the Peiuahgberg
trap used by the ALPHA Collaboration to study antihydrogargréficially structured boundary that could serve as a trap
wall is investigated. The artificially structured boundary consists of a spatially periodic sequence of magnetic cusps, with
nested electrostatic barriers in each cusp. The intent is to aimaalisly reflect, and hence confine within the volume
bounded by the surface, charged particles of either sign of charge that have completely random incident trajectories.
Trajectories in the vicinity of the boundary have been simulated and analyzeditifyitte conditions where particles
begin to escape confinement. Three parameters are varied, relative to the energy of the incident particles: the voltages on
the positive and negative electrodes producing the electrostatic barriers, and the cueratingeghe magnetic fields. The
goal is to identify a region within this threémensional parameter space for which particles of both signs of charge are
simultaneously confined, and use this information to optimize the trap design. Preliminary tegiétst shat particles of
equal mass but opposite sign of charge cannot be simultaneously confined by a short, symmetric electrode configuration.
However, there is an overlap in the regions of confinement in the parameter space for particles of oppositaaige
with different masses. For example, it is possible to confine both protons and electrons.

WED-AP06-P8 #435- Poster- Wednesday 5:30 PMRio Grande

Lgamma; X-Ray satellites spectra of elementgNb to 5;Sb

Surendra Poonia
Division of Natiral Resources and Environment, Central Arid Zone Research Institute, Jed4R003, Rajasthan, India, Central Arid
Zone Research Institute, Jodhpu842003, Rajasthan, India, Dr. Surendra Poonia, S/O Dr. Fateh Singh Poor@, Mahaveer
Colony, Rataada, Jodhpur 342001, Rajasthan, Jodhpur Rajasthan 342001, India

The X-ray satellite spectra arising due t0,2i8x*-3x"4dy, 55" (X = s, p, d), i.e. bM,-M,N, s transition array, in
elements with Z = 41 to 51, have been calculated, using aleatft#lntreeFockSlater (HFS) data onK,M, and L-MyN, s
Auger transition energies. The relative intensities of all the possible transitions have been estimated by considering cross
sections for the Auger transitions simultaneous to a hole creatioh@mdistributing statistically the total cross sections
for initial two hole states IM, amongst various allowed transitions from these initial states/, Minal states by Coster
Kronig (CK) and shake off processes.
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In both these processes initial glie hole creation is the prime phenomenon and electron bombardment has been
the primary source of energy. Each transition has been assumed to give rise to a Gaussian line and the overall spectrum has
been computed as the sum of these Gaussian curvesofpeated satellite spectra have been compared with the
experimentally reported measured Lgamsellite energies. On the basis of agreement between computed spectra and
measured satellites, It is observed that the satellite LgaimmNb tos;Sb is emited by the superposition of the most
intense transitions namely A d; 'P;-M;N, 'D,), D (L,M; *P;-M3N, °Dy), F (LM3 °D1-M3N; °Dy) and H (LM *D;-
M3N, ®Py) contributing in order of decreasing intensity.

WED-APO7-1 #174- Invited Talk- Wednesday 1:00W - EIm Fork

New directions in electrostatic ion beam traps

Oded Heber
Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Rehovot 76100, Israel

Electrostatic lon Beam Trap (EIBT) devices have been used extensively irabhamgtories around the world for
the last 15 years. The uniqueness of such traps is the usage of only electrostatic fields to store ions with no mass limit an
no mass dependent tuning. EIBT devices have been used in many scientific application<iaradamolecular physics
such as lifetime measurement of metastable ions, ion collision with electrons and gas targets, molecular ionization
fragmentation and radiative decay. Applications in mass spectrometry and isotope separation also exist.

In this presentation some new applications will be revealed. The first one will be a new use for large biological
molecules were the trapping time is correlated to the molecular structure. The second example will be the usage of the
EIBT as a trap for radioactive bea enabling to detect decays like beta decay with fully kinematic data of the recoil ion
and the emitted electron. Therefore the correlation with the neutrino is obtained for checking the standard model or physics
beyond the standard model. Other new ayapidons willbe briefly discussed as well.

WED-APO07-2 #456- Invited Talk- Wednesday 1:00 PMEIm Fork

Electron-lon Recombination Measurements by TOF from an EBIT

S. Mahmood, I. Orban, E. Lindroth, S. Ali, S. TashefvSchuch
Department oPhysics, Stockholm University,186 91, Stockholm, Sweden

Dielectronic and radiative recombination (DR) and (RR) are important electron ion recombination processes in
high temperature plasmas, where they strongly affect the charge/energy balance ghdtems for diagnostics. These
processes were studied by a new method with highly charged Si and S ions at the Stockholm Electron Beam ton Trap (S
EBIT). After breeding the ions in the trap by electron bombardment at around 10 keV to the desiredatearge s
distribution, the electron beam energy was scanned from 1.4 keV to 3.0 keV. The X rays emitted from RR and DR
processes were observed during the scan by a Si(Li) detector placed at 90° to the electron beam direction. For every step of
the scan, the @rge state distribution was monitored by fast ion extraction from the trap and TOF detection ~ 3m from the
trap. Thus, a combination of-bay and TOF technique allowed for charge state resolveslyneasurement at an EBIT[1].
Additionally, the electroimpact excitation rates could be determined[1]. The temperature dependent recombination rate
coefficients will be presented as well.

[1] 1Orban et al., to be publ., S. Mahmood et al., to be publ. in The Astrophysical Journal
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WED-APO7-3 #293- Invited Talk - Wednesday 1:00 PMEIm Fork

3D imaging of molecularion dissociation induced by slow atom impact: alignment and orientation
dependence in soft and hard collisions

Itzik Bentltzhak
J.R. Macdonald Laboratory, Department of Physics, Kansas Btatersity, Manhattan Kansas 66506, United States

Hard collisions between few keV molecular ions and atoms can lead to vibrational excitation and subsequent
dissociation as well as target ionization. Previous experimental efforts were unable to teswulleational process from
the competing electronic excitation complicating comparison with theory [1]. Moreover, target ionization has been largely
ignored. Employing 3D coincidence imaging of the ibram fragments and recoil ions, we study collisiatuced
dissociation (CID), where vibrational (vCID) and electronic (eCID) processes are experimentally separated, giving new
insight into the vibrational mechanism. In particular, vCID occurs predominantly for molecular ions aligned perpendicular
to theirvelocity and when the momentum transfer is along the molecular axis. Similarities and differences between CID
and other processes occurring in collisions between slow atoms arichHeH," (and their isotopologues) will be
discussed.

Other contributorsa this work with J.R. Macdonald Laboratory affiliation: Nora G. Johnson, Ben Berry, A. Max
Sayler, Dag Hathiramani, Jack W. Maseberg, Sam Fahrenholtz, and Kevin D. Carnes. In collaboration with Wania Wolff,
Instituto de Fisica, Universidade Federal do &aJaneiro, Rio de Janeiro, 219K, RJ, Brazil

This work was supported by the Chemical Sciences, Geosciences, and Biosciences Division, Office of Basic
Energy Sciences, Office of Science, U.S. Department of Energy.

1.J. Los and T. R. Govers, Collisidnduced Dissociation of Diatomic lons, Collision Spectroscopy (Plenum
Press, New York and London, 1978), pp. 28

WED-APO7-4 #51- Invited Talk- Wednesday 1:00 PMEIm Fork

Intense decelerated ion beams for the study of loenergy charge transfe

Vola M Andrianarijaon Jonathan G King Merl F Martirf, Xavier Urbaif
Wpepartment of Physics, Pacific Union College, Angwin CA 94508, United States
@|nstitute of Condensed Matter and Nanosciences, Université Catholique de Louvain, ChemilvlanCycLouvairla-Neuve
B-1348, Belgium

Using a 3D imaging technique, the vibrational distributions of sloy’ &d D" produced by charge transfer (CT)
between an Kor D, target and various fast atomic and molecular ions were measured from 1fe@WkiEV energies in
the laboratory frame. The atomic or molecular ions are extracted from a standard duoplasmatron ion source, accelerated and
decelerated to enter the collision cell hosting neutral molecules from an effusive jet. The CT daughterrmmisara
extracted sideways and eccelerated to 2 keV before crossing an effusive potassiun jet to undergo resonant dissociative
charge exchange. The positions and flight time difference of the two resulting particles give access to the vibrational
distribution of the CT products. At 50 eV and above, our results on théd{Hsystem benchmark statie-state
calculations [1]. At lower energies, the deviations from theory are not understood yet but may suggest that rovibrational
modes start to play an imgant role in the CT dynamics. CT measurements have also been performed'widp He',
and H" on H, and on B from 10 eV to few keV.

[1] L. F. Errea, L. Fernandez, L. Mendez, B. Pons, |I. Rabadan, and A. Riera, Phys. Bs82Y03 (2007).

Researh supported by the Fund for Scientific Research FNRS through IISN Grant No. 4.4504.10, and the
National Science Foundation through Grant No. PH)6887.
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WED-APO7-5 #164- Contributed Talk Wednesday 1:00 PMEIm Fork
Peripheral collisions of fast ekctrons with highly charged ions

J. H. Macek S. J. Wardl
Dphysics and Astronomy, University of Tennessee, 401 Nielsen Physics Building, Knoxville TA2BD9@fited States
(Z)Physics and Astronomy, University of North Texas, Denton TX 76208, Lhited States

Vortices are a novel feature of tirdependent atomic wave functions. A general discussivartites is given

which relates them to nodes in the real and imaginary parts of complex functions, the isolated zeros in such functions, the
probability currentj, the velocity fieldv, the integral of the current around isolated zeros, the density of atomic wave
functions in the neighborhood of isolated zeros and the mean angular momentum averaged over the same regions. The
imaging theorem siws that vortices may appear as observable structures in the momentum distributions of electrons
ejected from atoms by photons or by electron or positive ion impact. It is also shown that angular momentum transfer is
needed in order for complex functiotwsexhibit isolated zeros. This unexpected connection between purely analytic
properties, namely zeros, and the transfer of a physical quantity, namely angular momentum, is examined for electron
impact on €. This connection is studied for the specise of peripheral collisions where the dipole force between
incident and ejected electrons dominates [1].

1. S.J.W. acknowledges NSF support under grant no 0968638.

2. J.H.M. acknowledges DOE support under grant no. FG02 02ER15283.

3. J. Botero and J. H. Macek, Y& Rev. Ad45, 54 (1992).

WED-APO7-P1 #4 - Poster- Wednesday 5:30 PMRio Grande

Angular distribution of bremsstrahlung produced by 50-keV electrons incident on a thick Au target

Daniel GonzalesScott Williams
Department of Physics, Angelo Sthheiversity, ASU Station #10904, San Angelo Texas 76909, United States

We compare of the relative intensities of thtekget bremsstrahlung produced byke)/ electrons incident on Au
at forward angles ranging from 0 to 55 degrees. Following correaifdhe data for photon absorption within the target,
an anisotropical distribution of the detected radiation appears to occur only for photon eketigggsare approximately
equal to the initial energy of the incident electrdis,As the ratid/ Eqapproaches 0, the results indicate that the detected
radiation essentially takes on an isotropic distribution. This is primarily attributed to elecattering within the target.
The results are compared to the theoretical shape functions of &isseAt. Data Nucl. Data Table®8, 381 (1983)].
Comparisons suggests that wheéirt is approximately equal to 1, the angular distribution of bremsstrahlung emitted by
electrons incident on thick targets is in agreement with the theoretical angul@utimtriof bremsstrahlung emitted by
electrons incident on fremtom targets.

WED-APO08-1 #455- Invited Talk- Wednesday 3:30 PMEIm Fork

The Stockholm Electron Beam lon Trap for Highly Charged lons

Yao Ké, M. Hobeirt, S. TashendyA. Safdat, T. Mohamed, I. Orbar, S. Trotsenkg R. Schuch
(1)Physics Department, Stockholm University, Stockholm, Sweden
@GSI Helmholtzzentrum , Darmstadt, Germany

Recent years have witnessed remarkable accomplishments in developing advanced acaetklaser facilities
along with significant progress in experimental instrumentation. It shoulearaays be possible to provide ions of all
elements up to uranium at rest, with all electrons stripped off, even in a table top machine such as. ah&sdllow
investigations of electrons in extremely strong electromagnetic fields, testing QED at its limits. Precision mass
measurements in a Penning trap that use the benefit of a single, but colechifiggd ion. The higher the charge, the
higher is thamass accuracy that is achieved. Examples for the transport of-iggniged ions through namapillaries for
new focusing devices will be given; and, of spectroscopy of elearoprocesses through photon and ion detection from
the EBIT for fusion ana@strephysical plasma.

s, Bshm et al. J. of Phys.58, 303 (2007) and RSchuch et al. J. of Instr.5, C12018 (2010)
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WED-AP08-2 #178- Contributed Talk Wednesday 3:30 PMEIm Fork

Few Body Quantum Dynamics of highZ lons studied at the Future Relativistic HESR Storage Ring and
the ESR/Cryring

Siegbert Hagmari, Thomas Stoehlk&!* Yuri Litvinov?, Christophor Kozhuhar@yPierreMichel Hillenbrand,

Dieter Schneid&r Vladimir Shabaey Michael Lestinsky
Dynst. f. Kernphysik, Uri Frankfurt, Frankfurt, Germany

@GsI, Gesellschaft fur Schwerionenforschung, Darmstadt, Germany

®Helmholtz Institut, Helmholtz Institut, Jena, Germany
@physikalisches Institut, UNiversitat Jena, Jena, Germany
®Dept. of Physics, St Petersburg Stdteversity, St Petersburg, Russia
®LLNL, Lawrence Livermore National laboratory, Livermore, United States

At the FAIR facility for antiprotons and ion research the high energy storage ring HESR, originally conceived for
experiments using antiprotonsillvibe configured to also provide highlsharged heavy ions up to beam energies

corresponding to 929=5. Thi s -ringma®micphysicswederiménts onddvodyogpgmtann t uni t i

dynamics ranging from e.g. dynamics of variouseepair creation processes to qugsiotoionisation of inner shells of the
highestZ i ons. Additionally to the HESR the | ow energy stor
storage ring. This will considerably extend the range of availablisiook energies down to 0.1 AMeV for heavy ions up

to bare U92+. This opens up new windows for adiabatic collisions and high resolution spectroscopy. We will discuss
various inring spectrometers permitting characterization of the pertaining fundameatabkpes in a kinematically

complete fashion for HESR and new adiabatic experiments on superheavy quasimolecules now possible at the Cryring.

WED-AP08-3 #16- Invited Talk- Wednesday 3:30 PMEIm Fork
Electron impact phenomena for the process of pijectile excitation in ion-atom collisions

Alexandre GumberidZé, Daniel Bristol Thorn, Andrey Surzhykd{ Stephan Fritzsché®, Christopher J. Fonté&s
Hong Lin Zhang, Alexander VoitkiV, Bennaceur NajjafiDariusz BandsHeinrich Beyet®, Weidong Cheh
Robert D. DuBoi$™® Sabrina Geyér, Robert Grisenti', Siegbert Hagmanit, Myke Hegewald*!
Sebastian He3%!, Paul Indelicatf, Christophor KozhuhardyRenate Martit, Istvan Orbalt, Nikos Petridid™,
Regina Reuscht?'* Anna Simoff, Uwe Spillmanf, Martino Trassinell?, Sergiy Trotsenkt’, Giinter Webér’,
Danyal F. A. Winter®, Natalya Winter¥®, Deyang Y& Thomas Stohlkéf®

DExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fBehwerionenforschung, Planckstrasse 1, Darmstadt 64291, Germany
@FIAS Frankfurt Institute for Advanced Studies, Frankfurt am Main 60438, Germany
®GSI Helmholtzzentrum fuer Schwerionenforschung, Darmstadt 64291, Germany
®physikalisches Institut, RuprietKarls-Universitat, Heidelberg 69120 , Germany
®Department of Physics, University of Oulu, Oulu-Bib014, Finland
®)_os Alamos National Laboratory, Los Alamos NM 87545, United States
(MMax-PlanckInstitut fr Kernphysik, Saupfercheckweg 1, Heidej89117, United States
@nstitute of Physics, Jan Kochanowski University, Kielce2Bl406, Poland
©OHelmholtzinstitut Jena, Jena 07743, Germany
9Department of Physics, Missouri University of Science and Technology, Rolla Missouri 65409, Uteted Sta
@institut fiir Kernphysik, University of Frankfurt, Frankfurt am Main 60486, Germany
(12)_ahoratoire Kastler Brossel, Ecole Normale Superieure, CNRS, Universite Pierre et MarieR@uises, Paris F75252, France
3Department of Physics, Univergiof Stockholm, StockholmilB6 91, Sweden
4Inst. des NanoSciences de Paris, CNRS UMR7588 and LIME 6, Paris F75015, France
®Michigan State University, East Lansing Michigan 48824, United States
®nstitute of Modern Physics, Lanzhou 730008ina

In this contribution, we present a study of theslell excitation in hydrogelike uranium in relativistic collisions
with different gaseous targets. The experiment was conducted at the ESR storage ring of the GSI accelerator facility in
Darmstadt Germany. By performing measurements with different targets as well as with different collision energies, we
were able to gain access to both; proton (nucleus) impact excitation (PIE) and electron impact excitation (EIE) processes in
the relativistic cdlsions. The large finatructure splitting in Hike uranium allowed us to unambiguously resolve
excitation to different kshell levels. Moreover, information about the population of different magnetic sublevels has been
obtained via an angular differeatistudy of the decay photons associated with the subsequextitiion process. A
comparison with recent relativistic calculations which include excitation mechanisms due to both; the protons (nucleus) and
the electrons will be presented.
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WED-AP08-4 #173- Invited Talk- Wednesday 3:30 PMEIm Fork

Polarimetry of electron beams by means of bremsstrahlung

Stanislav_TashendyTorbjérn Béck Roman BardayBo Cederwafi Joachim EndefsAnton Khaplano¥
Yulia Poltoratsk3 Kai-Uwe Schassbger, Andrey Surzhykob*
®physikalisches Institut Universitat Heidelberg, Im Neunheimer Feld 226, Heidelberg 69120, Germany
@Nuclear Physics, Royal Institute of Technology, Stockhokth(BE1, Sweden
®nstitut fir Kernphysik, Technische UniversiBarmstadt, Schlossgartenstrale 2, Darmstadt 64289, Germany
@GSI Helmholtzzentrum fir Schwerionenforschung GmbH, Planckstr 1, Darmstadt 64291, Germany

Linear polarization of hard-rays emitted in the process of the atomic field electron bremsstgghfisbeen
measured with a polarized electron beam. The correlation between the initial orientation of the electron spin and the angle
of photon polarization has been systematically studied by means of Compton and Rayleigh polarimetry techniques applied
to a segmented germanium detector. The results are in a good agreement with-tieéafiligtic calculations. They are
also explained classically and in a unique way manifest that due to therbjial interaction the electron scattering
trajectory is ot confined to a single scattering plane. The developed photon polarimetry technique with a passive scatterer
is very efficient and accurate and thus allows for novel applications. Bremsstrahlung polarization correlations lead to a new
method of polarimeyr of electron beams. Such a method is sensitive to all three components of the electron spin. It can be
applied in a broad range of the electron beam energies from 100 keV up to a few 10 MeV. The results of the test
measurement at 100 keV will be showneTdptimum scheme for electron polarimetry will be analyzed and the relevant
theoretical predictions will be presented.

WED-AP085 #134- Invited Talk- Wednesday 3:30 PMEIm Fork
Nuclear Excitation by Electron Capture (NEEC) Experiments at GSI, LBNL,and Omega

Andrea L Kritchet, Lee Bernsteih Darren Bleué| Jack CaggiarpWolfgang Stoeffi Dan Sayrk Robert Hatarik
Dieter Schneidér Carsten Branddd, Christopher Kozhuhar6yThomas Stoehlkéf, Alex Mueller,
Alex Gumberidz&”, Michael Heif, Haik Simof, Yu Litvinov*®, V. Bagnoud, Thomas Kuefi| Adriana Palffy,
Christoph Keitel, Vincent Meot’, Gilbert Gosselitf, Eric Baugé®, Rene Reifarth Rod Clark, Phil Walkef,
Mathis Wiedeking Pascal Moréf
®Lawrence Livermore National Laboratory, Livermore CA, United States
@GSkHelmholtzzentrum, Darmstadt, Germany
®Helmholtzzentrum Jena, GBelmholtzzentrum, Jena, Germany
@WEMMI/FIAS (extreme Matter Institute/Frankfurt Institute for Advanced Scie@@)Helmholtzzentrum, Darmstadt, Germany
®Max Planck Institute of Nuclear Physics, Heidelberg, Germany
®University of Frankfurt, Frankfurt, Germany
(MLawrence Berkeley National Laboratory, Berkeley CA, United States
®University of Surrey, Guildfor€A, United Kingdom
O®jThemba LABS, Somerset West, South Africa
(OCEA/DAM, Buyerete-Chatel, France

The effect of high energy density plasma (HEDP) environments on captureseobisss in higkenergydensity
laboratory astrophysics experiments ipested to play an important role. With the recent commissioning of the National
Ignition Facility (NIF) at LLNL, there has been a renewed interest in the study of these HEDP environments on nuclear
plasma interactions. For example, the excitation ofjomg nuclear states (& k,T) such as Nuclear Excitation by
Electron Capture (NEEC) can effect neutron capture probabilities by modifying the spin and parity of the target nucleus,
changing the density of states available to the decaying compound nugléhasugh there have been extensive theoretical
studies on this subject, previous attempts to measure NEEC have been unsuccessful. This experiments discussed in this
presentation are part of a a myléar scientific collaboration to demonstrate NEEGinrarray of science facilities,
including Lawrence Berkeley National Laboratory (LBNL), Gesellschaft fur Schwerionenforschung (GSlI), the Facility for
Anti-proton and lon Research (FAIR), and the Omega laser facility. The study of this mechanism wié primvimation
on models used to predict excitation rates in high energy density plasmas.
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WED-AP086 #343- Invited Talk- Wednesday 3:30 PMEIm Fork

Current status of the 1sLamb Shift Experiments at High-Z

Regina Reuschf, Heinrich F. Beyét Alexandre GumberidZé, Siegbert Hagmanr, Paul Indelicaty Dieter Liesef
Renate Maertft, Uwe Spillmanf Martino Trassinelfi Sergiy Trotsenko’, Guenter Webér, Danyal Winter§
Thomas Stoehlkér
DExtreMe Matter Institute EMMIPlanckstrasse 1, Darmstadt Hessen 64291, Germany
@Atomic Physics, GSI Helmholtzzentrum fuer Schwerionenforschung, Planckstrasse 1, Darmstadt Hessen 64291, Germany
®IKF, Johann Wolfgang Goethe University, MeonLaue Str.1, Frankfurt Hessen 60438, @eny
“LKB, ENS, CNRS UMR 8552, Universite Pierre et Marie Curie Paris 6, Paris 75005, France
®Helmholtzinstitut Jena , Froebelstieg 3, Jena 07743, Germany

®INSP, CNRS UMR 7588, Universite Pierre et Marie Curie Paris 6, Paris 75005, France

Atomic electrons bound to a very heavy nucleus experience extremely strong electromagnetic fields ofup to 10
V/cm. Hence, electrons under such extreme conditions are subject to pronounced relativistic andejaatradynamic
(QED) effects. As one of the §ieand most successful fundamental theories in contemporary physics, quantum
electrodynamics has been the subject of many rigorous tests.

One of the most important experiments is the measurement of the 1s Lamb Shift in the most highly charged, one
electran ion available in the laboratory, uranium’tt). In Hlike uranium the electric field strength begins to approach the
critical value for the spontaneous emission of eleefrasitron pairs which makes it ideal for testing the limits of our
understandig of bound state QED. In recent years, tremendous progress has been achieved in the theoretical treatment and
evaluation of higher order QED corrections, which requires refined experimental methods to cope with the precision
reached in the theoretical calations.

At the Experimental Storage Ring (ESR) a series of experiments has been performed on the topielLaintite 1s
Shift during the last decade. By exploiting the luminosity of the stored and cooledaams, the experimental accuracy
could be impreed considerably over the years. Nowadays, the study of thartb Shift in highZ ions can be regarded
as the most accurate test of strong field QED for simpleetewtron systems. In these experiments different approaches
have been applied and thusywide profound knowledge for anticipated future scenarios. Only recently, -gtagision x
ray crystal spectrometer has been setup at the interngtgasget of the ESR. With this installation we envisage an
experimental accuracy of better than 1 eV.

An overview on the current status of experimental results and the progress in technical developments for future
installations will be given.

WED-AT05-1 #365- Invited Talk- Wednesday 3:30 PMBur Oak

Electron Beams, Wood and BieFuels and Chemicals

Mark S Driscolf, Mellony S Manning Arthur J Stipanovit Vincent Barbef John P HasséttCraig Kenny
Wchemistry, State University of New York College of Environmental Science and Forestry, One Forestry Drive, Syracuse NY 13210,
United States
@paper and Bioprocess Engineering, State University of New York College of Environmental Science and Forestry, One Raestry Dr
Syracuse NY 13210, United States
®UV/EB Technology Center, State University of New York College of Environmental Scigficeestry, One Forestry Drive,
Syracuse NY 13210, United States

Cellulose is the major structural component of wood and plant fibers and is the most abundant polymer
synthesized by nature. Despite this great abundance, cellulosic biomass has sekagjtitation outside of the paper
industry. Its use as a feedstock for fuels and chemicals has been limited because of its highly crystalline structure,
inaccessible morphology and limited solubility (recalcitrance). Any economic use of lignocelleksicces for the
production of fuels or chemicals will require a "pretreatment" technology to enhance the accessibility of the biomass to
enzymes and/or chemical reagents. Electron beams (EB)SXor gamma rays produce ions in a material which can the
initiate chemical reactions and cleavage of chemical bonds. Such ionizing radiation predominantly scissions and degrades
or depolymerizes cellulose. This study looked at how electron beam irradiation of wood, wood pulp and microcrystalline
cellulose chaged the recalcitrance and how that change affects the economics of lignocellulosic fuel and chemical
production.
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WED-AT05-2 #366- Invited Talk- Wednesday 3:30 PMBur Oak

Dimensional Stability of Natural Fibers

Mark S Driscolt, Jennifer L Smith Sean Sean WoddsKenneth J Tigs L. Scott Larseh
WYV/EB Technology Center, State University of New York College of Environmental Science and Forestry, One Forestry Drive,
Syracuse NY 13210, United States
@sustainable Construction Management &mjineering, State University of New York College of Environmental Science and Forestry,
One Forestry Drive, Syracuse NY 13210, United States
®INYSERDA, 17 Columbia Circle, Albany NY 12203, United States

One of the main problems associated with theofismtural fibers as reinforcing agents in composites is their
uptake of moisture. Many natural fibers are lignocellulosic, which causes the fibers to swell and shrink as the amount of
available moisture changes. Swelling and shrinking can cause cosspositrematurely fail. This paper will present
results of a research study that focuses on the use of low molecular weight monomers polymerized by electron beam
ionizing radiation to dimensionally stabilize celluldsased material. Tests will be contkatto evaluate the shrinking and
swelling of fibers prior to their use in a composite. Results will be presented for different natural fibers.

WED-AT05-3 #129- Contributed Talk Wednesday 3:30 PMBur Oak

Advancements in Facilities for Irradiated Materials and lon Beam Analysis at the University of
Wisconsin lon Beam Laboratory

Kevin G Field, Chris J Wettelarid Guoping Cab Chris R Field, Kim Kriewaldt, Kumar Sridharah Todd R Allert
Byniversity of WisconsinMadison, 1500 Engineeringrive, Madison WI 53706, United States
@Naval Research Laboratory, 4555 Overlook Avenue, Washington DC 20375, United States

The University of Wisconsin lon Beam Laboratory (LIBL) has recently undergone significant infrastructure
upgrades to facilitatgraduate level research in irradiated materials phenomena and ion beam analysis. A high current,
National Electrostatics Corp. (NEC) Torodial Volume lon Source (TORVIS) capable of emitfamgdrogen ions up te
200 €A and heli#®meiAoprenchiuct avmonei gafthe keystone upgrade f
RBS analysis packages, end station developments for irradiation of relevant material systems, and thecdéoélap
in-house touch screen based graphical user interface for ion beam monitoring. Key research facilitated by these upgrades
include irradiation of nuclear fuels, studies of interfacial phenomena under irradiation, and clustering dynamicstedlirradia
oxide dispersion strengthened steels. The-IBWhas also partnered with the Advanced Test Reactor National Scientific
User Facility (ATRNSUF) to provide access to the irradiation facilities housed at thdRIVés well as access to post
irradiation fcilities housed at the UW Characterization Laboratory for Irradiated Materials (CLIM) facility and other ATR
NSUF partner facilities. Partnering allows for rapid turnaround from proposed research to finalized results through the
ATR-NSUF rapid turnaroungroposal system. An overview of the UML including CLIM and relevant research is
summarized.

WED-AT05-4 #113- Contributed Talk Wednesday 3:30 PMBur Oak
Three dimensional finite element methods: their role in the design of DC accelerators systems

Nicolae C. PodaruA. Gottdang, D.J.W. Mous
High Voltage Engineering B.V., P.O. Box 99, Amersfoort 3800AB, Netherlands

Over the last years, High Voltage Engineering (HVE) has expanded itshaomnand software tools for the
detailed design of DC lira particle accelerators. Three dimensional (3D) finite element methods (FEM) are applied in the
design stage to optimize complex electrostatic, magnetostatic (or combinations of these two) field distributions. The ray
tracing capabilities of the 3D FEM sign tool is used to understand the origin of aberrations in ion optical components like
analyzing magnets, electrostatic lenses and accelerator tubes and to minimize these aberrations. In addition, 3D FEM is
used for Singletr onE/ Jignwhich provides & prazisewrediction of th@irlessentiak
characteristics like required RF input power, electrical losses and accelerator voltage holding capability. The 3D design
tools have been applied in the design of a-theam irradiation facilityT wo Si ngl etronE accel erator
terminal voltage of 2 MV, one for electrons)(and one for protons (h share a common end chamber to simultaneously
irradiate samples of up to 300 x 300 fam
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This work describes both the 3D FEM design and ajmamal performance of the system, with emphasis on
accelerator performance and chargedticle beam optics. A detailed overview of the accelerator system is also given. The
terminal voltage ripple measur ed OoRMS)mtmterming voitagd oft5rMVYn E ac ¢
Particle transmission above 90% was measured over the entire beam energy range of 100 keV up to 2 MeV. Electron beam
transmission is supported down to 100 keV, and below, which is achieved by shielding the 5 midimedBamumetal
to reduce the DC magnetic field telD mG.

WED-ATO05-P1 #165- Poster- Wednesday 5:30 PMRio Grande
Accelerator Driven Photon Sources for Material Irradiation Studies

Carol Haertling, Joseph TesmerYonggiang Wany ChelseaD'Angeld™?
BMaterial Science & Tecnology, Los Alamos National Laboratory, M/S G770, Los Alamos NM 87545, United States
@advanced Engineering Analysis, Los Alamos National Laboratory, M/S T080, Los Alamos NM 87545, United States

We have used a pariéicaccelerator in our lon Beam Materials Laboratory to prodbeeacteristic photons at
desired energies for use in material irradiation studiesphb&ons are desired to mimic radioactive sources. Metal targets
were irradiated with @roton beam, in acase producing characteristicays (PIXE), and in another cageducing
gammas by nuclear reaction (PIGE). Both techniques result in reasomafabgnergetic photon sources. This presentation
discusses the development ardiracteristics of these ploo sources as well as how they are used in experiments.

WED-ECR041 #418- Contributed Talk Wednesday 8:30 AMPost Oak
Defect mitigation by ion induced amorphousization and soligbhase epitaxy

L. C. PhinneyK. Hossain, R. J. Cottier, O. W. Haiid, T. Golding
Amethyst Research Inc., 123 Case Circle, Ardmore OK 73401, United States

lon implantation is a common technique in the semiconductor industry used to modify the electrical properties of
materials, usually silicon. Some dopant ions afécsently light, such as boron, that they do not create a continuous
amorphous layer in silicon over the range of the ions. In the presence of such a layer, most éfithedéshdamage can
be removed by solipphase epitaxy growth (SPEG), which H&sin recrystalization of the amorphous damage. However,
endof-range defects at the amorphaugstal interface give rise to threading dislocations during SPEG that degrade the
quality of the recrytallized Si. We have studied the end of range defesiteon with two different implantations. The
first was with 80 ke\?°Si with a dose of 3xI0 Si/cn?, and the second was a double implant of 100 %&¢ at a dose of
1x10" Ge/cntfollowed by 340 ke\Si at a dose of 3xthSi/cn?. Annealing at 600C was done to recrystalize the
implanted samples, and the end of range defects were studied using channeled Rutherford Backscattering Spectrometry
(RBS). The effects of photemssisted hydrogenation on amophization and recrystallization were also studied

WED-ECR042 #411- Contributed Talk Wednesday 8:30 AMPost Oak

Nano-engineered GeSbn insulator for Heteroepitaxy

Khalid Hossaif, Orin W Holland, Mukul C Debnath T D Mishim&, M B Santo$
WAmethyst Research Inc, 123 Case Circle, Ardmdfe7@401, United States
@Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma, 440 West Brooks Street, Norman OK 73019
United States

A compliant substrates has been prepared to grow metamorphic semiconductor filmshasedSildorm. It
involves the synthesis of a patternedafis Geon-insulator (GeOl) heterostructure to achieve the "holy grail" of
optoelectronics. A dilute GeSi layer is initially formed by implanting @& a silicoron-insulator (SOI) substrate.
Thermaloxidation segregates the Ge at the growing oxide interface to form a distjSt,@ein-film with a composition
that can be tailored by controlling the oxidation parameters. In addition, the film thickness can be controlled by the
implantation fluencewhich is important since the film forms pseudomorphically below 2%G@/cnf. Continued
oxidation consumes the underlying Si leaving the nearly pure Ge film encapsulated by the two oxide layers, i.e. the top
thermal oxide and the buried oxide. Removiahe thermal oxide by a dilute HF etch completes the process.
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This technique combines the demonstrated compliancy of a thin (< 3nm) Gélma¢an insulator) with that of
patterning to yield an obedient substrate with unsurpassed ability to accomfatiitatenismatch strain during thifim
growth with reduced dislocation that can thread through.

The technical challenges in fabricating devipelity epitaxial layers of 4V or 111-V semiconductors on Si also
include the reduction of antihase domam (APDs) due to growth of polar semiconductor on-pofar substrate besides
the 1420% lattice mismatch between the materials. The APDs have been handled with the uagisfsotistrate, and
the utilization of submonolayer arsenic as wetting layehish has been incorporated by-ioaplanting AS with Ge" on
SOI. The GeOl thin film has been characterized with Raman spectroscopy, Rutherford backscattering spectroscopy, SEM
and xTEM. The pattering of GeOl is done witFbeam lithography. This work isipported by Oklahoma Center for
Advancement in Science and Technology contract # OR®B08.

WED-ECR043 #360- Contributed Talk Wednesday 8:30 AMPost Oak
Investigation of diffusion of low energy Silver ions implanted in Silicon

Mangal S Dhoubhdel, Venkata C Kummari, Bibhudutta Rout, Gary A Glass, Jerome L Duggan, Floyd D McDaniel
lon Beam Modification And Analysis Laboratory, Department of Physics, University of North Texas, 1155 Union Circle, #311427,
Denton Texas 76203, United States

Trangtional metal (e.g. Au, Ag) nanoparticles have recently found attractive applications in a variety of fields
involving plasmonic effects in optics, phetoltaics, and tracing the delivery of drugs in namedicine. In all these study,
the size, shape adcation of the metallic nanparticles play a key role in the application. Low energy silver ions were
implanted at shallow depths at various fluences in the crystalline silicon substrates. The samples were annealed at
temperatures below the eutectic gdimprevent the formation of silicide. These samples were characterized to study the
diffusion behavior of silver ions in the amorphous/polycrystalline silicon medium. The silver ions were implanted in
silicon with energies of 35 keV, 55 keV, and 7& ke the fluences of 5 x 6 2 x 10° 4 x 13°, 6 x 10°, 1 x 10°
atom/cnf respectively. The samples were annealed a60d0r periods of 30, 60 and 90 minutes in vacuum and in
Forming gas (96% argon 4% hydrogen). The diffusion behavior of the gl&in silicon was characterized by using
RBS, RBSChanneling, RAMAN, XRD and TEM measurements. The results show that the diffusion of silver was
asymmetric and showed strong preferential direction. The study shows that initially (30 minutes ansiadinghs
diffuse at a higher rate at 500. The length of annealing time also influences in the formation of different sizes of silver
nanoparticles.

WED-ECR044 #373- Contributed Talk Wednesday 8:30 AMPost Oak

Improvements of the research ifrastructure at the tandem laboratory at IFIN -HH

Dan Gabriel GhitaMarius Dogaru, Marius Marin Gugiu, lon V. Popescu, Catalin lonut Calinescu, Gheorghe Cata
Danil, Mihaela Enachescu, Anisoara Pantelica, Dan Pantelica, Alexandru Petre, Talgeldm BSava, Corina Anca
Simion, Catalin Stai®ion, Mihai Statescu, Paul lonescu, Nicolae Victor Zamfir
Nuclear Physics Department, Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering, 30 Reactortilui stree
Magurele llfov 07725, Romania

An extensive process of modernizing the particle accelerators infrastructure started 5 years ago at the tandem
laboratory in IFINHH. Major improvements of the 9 MV FN tandem accelerator installed in-H#Nn '73 were done in
the late yearsmaking it a very reliable machine, suited for basic and applied research experiments. Many developments
opened the way for new experiments made for the first time in our laboratory. Some of the main research directions and
original results will be presésd.

Two new CockrofiWalton tandem accelerators were also installed this year. The 1 MV HVE Tandetron
accelerator is dedicated for AMS measurements, especiaf{Cfatating, and the 3 MV HVE Tandetron accelerator has
the reaction chambers and detecsgyatem prepared for lon Beam Analysis measurements, microprobe experiments and
ion implantation.
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WED-ECR045 #372- Contributed Talk Wednesday 8:30 AMPost Oak

Investigation of beam transmission in a 9SDF2 3.0 MV NEC Pelletron® tandem accelertor

Naresh T. DeojiJose L. Pacheco, Venkata C. Kummari, Tilo Reinert, Bibhudutta Rout, Duncan L. Weathers,
Jerome L. Duggan, Gary A. Glass, Floyd D. McDaniel
lon Beam Modification and Analysis Laboratory, Department of Physics, University of Noa, Denton TX 76203, United States

Electrostatic tandem accelerators are widely used to accelerate ions for experiments in materials science such as
high energy ion implantation, materials modification and mamalyses. Many applications require higlaln current as
well as high beam brightness at the target; thus, maximizing the beam transmission through such electrostatic accelerators
becomes important. The lon Beam Modification and Analysis Laboratory (IBMAL) at University of North Texas is
equippedwith four accelerators, one of which is a 9SR213.0 MV National Electrostatic Corporation (NEC) Pelle®on
tandem accelerator. The tandem accelerator is equipped with tgjpu@sr type (Source of Negative lons using Cesium
Sputter (SNICS) and Tradelement AMS) ion sources and a radio frequeitsy (Alphatross) ion source.

This work presents a detailed study of the beam transmission through this accelerator using the SNICS ion source
for injection energy ranging from 20 to 60 keV for ions of differentgaasThe beam transmission is quantified for three
different terminal voltages: 1, 1.5 and 2.0 MV. For a given terminal voltage, it has been found that beam transmission is
strongly dependent on the ion source injector voltage. Details of experimentatarahdlysis are presented.

WED-ECRO046 #57- Contributed Talk Wednesday 8:30 AM Post Oak
Heavy-ion energy resolution measurement of the F series ORTEC SSB detector

Zdravko Siketiclva Bogdanovic Radovic, Milko Jaksic
Division of ExperimentaPhysics, Ruder Boskovic Institute, Bijenicka c. 54, Zagreb 10000, Croatia

In the Elastic Recoil Detection Analysis (ERDA) and Heavy lon Rutherford Backscattering Spectrometry
(HIRBS), silicon surface barrier detectors (SSBD) are commonly used for tigy eletection. The energy resolution of
the SSBD detectors for ions heavier than Li is usually significantly worse than for H and He, which limits both the mass
and depth resolution of the experiment. There are three main contributions to the inténgjcresolution (pulse height
defect) of the SSBD detector: a) entrance window effect (energy loss and straggling through the entrance window), b)
nuclear collision effect (neionizing energy loss) and c) plasma effect which contributes the most (dendeo€l
produced electrahole pairs creates a zero initial electric filed region and consequently recombination of the charge
carriers can occur).

One of the solutions for this problem is to use a gas ionization chamber for energy detection inste&(of SSB
gas ionization chamber plasma effect is reduced). If gas ionization detector is not available, other possibility is¢o increa
the value of the internal electric field in the SSBD. Effects coming from the formation of plasma are decreasing with
increasing of the electric filed (delay time and plasma time decrease). This should improve overall intrinsic energy
resolution of the SSBD.

In this work we will study commercially available F series ORTEC SSBD detector designed especially for heavy
ion speatoscopy, which is characterized with a high electric filed under the entrance window (>15 kV/cm). Detector
energy resolution for a wide range of ion mass and energy (Li, O, Si, Cl, Br and | ions with energy2&rnde\l) will be
measured and comparediwthe existing experimental results for the gas ionization chambers. Performance of the detector
concerning radiation hardness will be also studied.
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WED-ECR04P1 #396- Poster Wednesday 5:30 PMRio Grande

Effect of c irradiation on the resistivity of Ru oxide thin films

C. Duk Lin?, V. Ukirdé', B. P. Sharmi L. Mitchelf, F. D. McDaniel, M. El Bouanarii®
BMaterials Science and Engineering, University of North Texas, 3940 North EIm&tieeE132, Denton TX 76207, United States
(Z)Department of Physics, University of North Texas, 1115 Union Circle # 311427, Denton TX 76203, United States
@center for Advanced Research and Technology, University of North Texas, 3940 North Elsuggdet32, Denton TX 76207,
United States

Conductirg Ruthenium dioxide thin films are potential candidates for a number of advanced applications for next
generation Si devices. Potential applications of thin films ruthenium oxides are: (apamtdlgate electrodes that to
maintain scaling and performamof future highk based CMOS devices, and (b) diffusion barriers for copper interconnect.
Good thermal stability, low resistivity, suitable work function and diffusion barrier properties are some of the required
properties for future CMOS applicationsai®on irradiation and modification is used to explore the possibility of fine
tuning the resistivity of ruthenium dioxide thin films. RBS, XPS and four probe measurements are used to correlate
resistivity, composition and carbon irradiation dose.

WED-ECR04-P2 #401- Poster- Wednesday 5:30 PMRio Grande

RBS and XPS studies of CH4 plasma irradiated TaN for Cu Diffusion Barriers

V. Ukirde', B. P. Sharmi M. El Bouanarii?
WMaterials Science and Engineering, University of North Texas, 3940 NorthsEEebtSuite E132, Denton TX 76207, United States
@cCenter for Advance Research and Technology, University of North Texas, 3940 North EL{8steeEl 32, Denton TX 76207,
United States

One of the crucial issues for the use of Copper in metadizatpplications in the semiconductor industry is its
detrimental fast diffusion into Silicon. Therefore a suitable diffusion barrier is necessary between Cu metallization and Si
and SiQ. Tantalum nitride (TaN) is an established material for diffusionidraragainst copper diffusion. However, Cu
suffers from poor adhesion to TaN and many ongoing research activities are focused on using wet chemistry to alter the
surface chemistry of the ultthin TaN diffusion barrier layer to overcome adhesion issumg@u electroplating. The
aim of this study is to modify the TaN surface via plasma processing in methane and incorporate different levels of carbon.
Significant modification of surface chemistry of TaN was demonstrated-tay ¥ hotoelectron Spectrosgomspecially
the TaC and GC bonding configurations. Rutherford backscattering Spectrometry was used to evaluate the thermal
stability of Cu/TaNC/Si structure. Correlation between,@ldsma processing conditions of TaN and its effects on
diffusion barrer properties for Cu will be presented.

WED-ECR04P3 #404- Poster- Wednesday 5:30 PMRio Grande

Efficiency Calibration of a HPGe X-ray Detector for Quantitative PIXE Analysis

Stephen J MulwareNickramaarachchige Lakshantha, Bibhudutta Rout, Reinert
lon Beam Modification And Analysis Laboratory, Department of Physics, University of North Texas, 1155 Union Circle #311427,
Denton Texas 76203, United States

Particle Induced Xay Emission (PIXE) is an analytical technique, which providésldlg and accurately
guantitative results without the need of standards when the efficiency ofrdnedétection system is calibrated. The ion
beam microprobe of the lon Beam Modification and Analysis Laboratory at the University of North Texas s rece
purchased a 100 nfrhigh purity germanium Xay detector (Canberra GUL0110 UHr&Ge). In order to calibrate the
efficiency of the detector for standardless PIXE analysis we have measuredahgixld of a set of commercially
available Xray fluorescence standards. The set contained elements from low atomic riusibefsodium) to higher
atomic numbers to cover therdy energy region from 1 keV to about 20 keV where the detector is most efficient. The
charge measurement was done by collectedgehiategration as well as from the proton backscattering yield of a
calibrated particle detector. The calibration is tested on reference samples.
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WED-IBA0O7-1 #346- Invited Talk- Wednesday 1:00 PMBrazos |

PIXE simulation: models, methods and techalogies

Matej Batic¢? Maria Grazia Pi§ Paolo SaracépGeorg Weidenspointrier
DINFN Sezione di Genova, Istituto Nazionale di Fisica Nucleare, Via Dodecaneso 33, Genova 16146, ltaly
@Experimental Particle Physics Department¢gioStefan Institie, Jamova cesta 39, Ljubljana 1000, Slovenia
®Max-PlanckInstitut fir extraterrestrische Physik, Institute MBbkanck, Giessenbachstral3e, Garching 85748, Germany

The simulation of PIXE (Particle Inducedrdy Emission) is discussed in the context efgralpurpose Monte
Carlo systems for particle transport.

Dedicated PIXE codes are mainly concerned with the application of the technique to elemental analysis, but they
lack the capability of dealing with complex experimental configurations. Gepenabse Monte Carlo codes provide
powerful tools to model the experimental environment in great detail, but so far they have provided limited functionality for
PIXE simulation. Despite the simplicity of its nature as a physical effect, PIXE represents ptuaindeallenge for
generalpurpose Monte Carlo codes for particle transport, since it involves an intrinsically discrete effect (the atomic
relaxation) intertwined with a process (ionization) affected by infrared divergence.

This presentation will provielan overview of the Geant4 simulation toolkit, and of recent developments that have
endowed it with advanced capabilities for PIXE simulation. It will also report results of an extensive effort for guantitativ
validation of cross sections and other pbgkparameters relevant to PIXE simulation. Open issues in PIXE modeling will
be discussed.

WED-IBA07-2 #61- Invited Talk- Wednesday 1:00 PMBrazos |

New Results about Stopping Power for positive lons

Helmut Paul
Atomic and Surface Science, Uniity of Linz, Altenbergerstrasse 69, Linz A 4040, Austria

The following points will be discussed:

1 New stopping results for water
1 New experimental and theoretical stopping results by Argestiasil group
1 New theoretical results using program CasP
1 A conparison of new experimental data obtained by different methods
1 The importance of the nuclear stopping contribution
1 The solidgas difference in stopping powers
WED-IBAQ7-3 #167- Invited Talk- Wednesday 1:00 PMBrazos |

High Resolution K X-ray PIXE spectra of 3d transition metals and their compounds

Stiepko Fazinit; Luka Mandié, Matjaz Kavcié, Iva Bozicevié
WRudjer Boskovic Institute, Bijenicka c. 54, Zagreb 10000, Croatia
@physics Department, University of Rijeka, Omladinska 14, Rij2Ra® Croatia
®Josef Stefan Institute, Jamova 39, Ljubljand @0, Slovenia

PIXE is usually performed with detectors not capable to resolve fine structiirg-ody lines. When measured
with wavelength dispersive-pay spectrometers, this fine sttue ofK UandK bx-ray lines is observed. Many studies
were performed to observe variations of relative intensities and/or positions of indKictiay components as a function
of chemical effects. Attempts were made to use observed variatignX iray intensity ratios and relative positions for
applications, including chemical speciati#hUspectra o8d transition elements are not so sensitive to chemical effects
since they are emitted through transitions between inner skidilsand components arelated to valence electron
transitions, influencing higher sensitivity to chemical effects. This is because the outgdrienval in 3d transition metals
becomes a broad band forming in chemical compounds the valence shells. However, thekyfetdayfs is much lower
compared t& Ucomponents. In order to study chemical effect&dandK bspectra oBd transition elements and their
compounds, a databasetofUandK bspectra of selecte®t metals and their compounds was collected.
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TheK bspectra wer used to perform simple parameterization of crossover and valencK lfexchys' relative
positions and intensities over the rang@dmetal compounds. Here a discussion will be presented about high resolution
K UandK bx-ray spectra o8d transition éements and their compounds measured by wavelength dispersive spectrometers
and obtained by MeV proton excitation. Chemical effect& diandK bspectra will be discussed. Possibilities for using
the spectra for chemical speciation will be discussed, Hsagvéor improved interpretation & x-ray spectra 08d
transition metal compounds measured by solid state detectors, which could be important for PIXE in some special cases
where samples contain high quantitie8dfmetals.

WED-IBAQ7-4 #104- Contributed Talk- Wednesday 1:00 PMBrazos |

A capillary microbeam for STIM and PIXE

M. J. SimonM. Doebelj M. SchulteBorchers, A. M. Miller
lon Beam Physics, ETH Zurich, HPK H32 Schafmattstrasse 20, Zurich 8093, Switzerland

Technical details and gfermance of an MeV ion microprobe based on glass rdagillaries are presented. The
ion beam is collimated by custom produced glass capillaries with outlet diameters in the range of 0.7 to 10 microns.
Transmission properties for proton and helium iomgehbeen measured and compared to Monte Carlo simulations. Due to
the small gas leakage through the capillary opening, the beam can be taken into air without membrane. The setup procedure
of the capillary micro beam is extremely fast and simple and Jytirlependent of particle type and energyalnSTIM
and PIXE raster imaging is performed by means of a pieen XY stage. For STIM, the energy of the transmitted
particles is measured by a miniaturized and radiation hard high resolution gasdordséctor.

WED-IBAO7-5 #108- Contributed Talk Wednesday 1:00 PMBrazos |

PIXE analysis of aerosol samples at GIC4117 tandem accelerator laboratory of Beijing
Normal University

Guangfu Wanty, Lingda YU, Junhan ChlyXufang LF, Renjian Zhangd, BingBing Wd
WKey Laboratory of Beam Technology and Materials Modification of Ministry of Education, College of Nuclear Science and
Technology, Beijing Normal University, Beijing 100875, China
@Beijing Radiation Center, Beijing 100875, China
®Key Laboratory of Regional Climatenvironment Research for Temperate East AsiadfEE), Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China

PIXE Analysis of concentrations of elements with Z>11 in aerosol samplas isf anajor applications of
GIC4117 tandem accelerator in Beijing Normal University, and an extbaaah facility for PIXE/PIGE analysis has been
installed. PIXE analysis results and source apportionment of PM2.5 aerosol fractions collected on Eeflam fidaily
basis over 2010 at one site in north city of Beijing will be shown. This is the first annual daily PM2.5 PIXE results of
Beijing. Positive matrix factorization techniques indentified that the major sources contributions to the PM2.5 are
automdpiles and transport (44.4%), windblown soil (8.9%), smoke from biomass burning (13.7%), road dust resuspended
by the mobile transportation (11.1%), industrial emission (8.7%) and coal combustion (13.2%) during the 2010. Influences
of some special eventsjch as set off firecrackers during Spring Festival, sand storm in spring and straw burning were also
discussed.
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WED-IBA07-P1 #292- Poster Wednesday 5:30 PMRio Grande

Combinatory laser-catapult microdissection (LCM), high-sensitivity native proteén Western blotting, and
microPIXE spectrometry for selenoprotein characterization in pure nerve cell populations

Karen P. Briski, Baher A. Ibrahirh Jack E. Manué) Venkata C. Kummafj Gary A. Glas$
WBasic Pharmaceutical Sciences, The Universitiyafisiana at Monroe College of Pharmacy, 1800 Bienville Drive, Monroe LA 71201,
United States
@|on Beam Modification and Analysis Laboratory, Physics Department, University of North Texas, Denton TX 76203, United States

The essential trace elementiesgum (Se), exerts critical biological effects via incorporation into the
selenoproteome in the form of the amino acid, selenocysteine. Selenoproteins reduce cellular oxidative stress, regulate
redoxsensitive gene transcription, and control thyroid hmmenmetabolism. Oxidative stress is implicated in bioenergetic
and neurodegenerative damage to the brain. Development of strategies for manipulation of these distinct proteins for
therapeutic benefit is hampered by a lack of fundamental knowledge ofaégnd cellular patterns of selenoprotein
expression across regions and cell types within the brain. In this worlciapult microdissection (LCM), high
sensitivity native protein Western blotting, and microPIXE spectrometry are combined to cimraetienoprotein
expression in separate cell populations in brain regions typified by vulnerability versus resistance to oxidative stress.

WED-IBA07-P2 #429- Poster- Wednesday 5:30 PMRio Grande

Trace Element Analysis of Mineral Water Samples though XRF, ICP-MS and PIXE

Akshar Dash® Casey ThurbérVenkata C Kummatj Wickramaarachchige Lakshanth&uido F. Verbeck
Jerome L. DuggdnBibhudutta Rodt Gary A. Glas§ Floyd Del McDaniel
Wlon Beam Modification and Analysis LaboratoBepartment of Physics, University of North Texas, 1155 Union Circle, Denton TX
76203, United States
@Department of Chemistry, University of North Texas, 1155 Union Circle # 305070, Denton TX 76203, United States
®Texas Academy of Mathematics and Smetniversity of North Texas, 1155 Union Circle #305309, Denton TX 76203, United States

This study aims to determine the trace elemental composition of natural mineral water samples using three widely
used concentration analysis techniquesRa§ Fluorscence (XRF), Inductively Coupled Plasiass Spectrometry (IGP
MS) and Particle Induced-Kay Emission (PIXE). The XRF and PIXE analyses arecdestructive techniques, while the
ICP-MS is a destructive technique but highly sensitive to the concenttatiels of different elements and compounds.
About 200 ml samples of natural hot spring water from Hot Springs, Arkansas, were collected during the winter season in
2011. A part of the water samples were prepared through dilution feMI€RBnalysis and tbiugh filtration for XRF
analysis. Elemental concentration analyses of the hot spring water samples were compared to that of tap water samples
prepared through the same dilution and filtration methods. We speculate that the mineral water sample wal contain
smaller concentration (in parts per million levels) of trace elements like Co, Mg, and Pb than tap water, since the mineral
water is in an environmentally natural state. The-M® and XRF results showed the presence of the elements Co, As, Se,
Kr, Mo, Cd, Sn, and W in the hot spring water samples. The respective concentrations of these trace elements were
significantly lower in the natural mineral water samples than in the tap water samples. We plan to investigate the presence
and concentrations of a elements using also the quantitative analysis technique PIXE. PIXE provides accurate analyses
and can be used to analyze liquid and solid samples alike; therefore, we want to compare the analytical results with the two
other techniques.
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WED-IBM04-1 #228- Invited Talk- Wednesday 3:30 PMPecos lI

Nanoscale manipulation of the properties of solids at high pressures and irradiated by relativistic
heavy ions

Maik Lang
Earth and Environmental Sciences, University of Michigan, 1100 N UniversitynAvAror Michigan 48109, United States

During the past few years, research on materials at extreme conditions has become a vibrant field worldwide in
many universities and research institutions. Relativistic heavy ions provide a unique opportuniégscagaicysical
regime quite apart from thermodynamic equilibrium conditions [1]. These projectiles exhibit exceptional properties because
they deposit their kinetic energy (GeV), within an exceedingly short interaction time (sub fs) into narsireetseple
volumes, resulting in extremely high energy densities (up to tens of eV/atom). Here, we describe a new strategy of
combining such ion beams with higinessure techniques by injecting relativistic ions from one of the world's largest
accelerator facities (GSI- Helmholtz Center for Heavy lon Researdbarmstadt, Germany) through a nthick diamond
anvil of a highpressure cell into a pressurized target [2]. This experimental approach allows for the investigation of the
behavior of materials at extrentonditions and opens up unprecedented possibilities for the synthesis of new materials.

lon-beam exposure of different ceramic oxides revealed that radiationed energy deposition into highly
compressed materials (several tens of GPa) are abledifyrdeamatically phas¢ransformation pathways. For example,
the combined use of advandedsitu (synchrotron Xray diffraction and Raman spectroscopy) amdsitu (transmission
electron microscopy) characterization techniques evidenced after irradiatiena pressure up to 65 GHatlie
stabilization of a new metastable higressure phase of gadolinitairconate pyrochlore (G#r,0O;) [2] and (i) the
transformation into higipressure and higtemperature phases of ceria (Geénd zirconia (Zr@) a unexpected low
pressures and/or radiation fluences.

[1] J.M. Zhang, M. Lang, M. Toulemonde, R. Devanathan, R.C. Ewing, W.J. Webé&ater. Res. 252010)
1344,

[2] M. Lang, F.X. Zhang, J.M. Zhang, J.W. Wang, B. Schuster, C. Trautmann, R. Neum&wetkdr, R.C.
Ewing, Nature Materials 8 (2009) 793.

WED-IBM04-2 #95- Invited Talk- Wednesday 3:30 PMPecos Il

Study of the radiation effects in borosilicate glasses

Tieshan WangKunjie Yang, Haibo Peng, Limin Zhang, Genfa Zhang, Liang Chen
School of Nuclear Science and Technology, Lanzhou University, Tianshuinan Road 222, Lanzhou Gansu 730000, China

In order to study the radiation effects of borosilicated glasses in high level radioactive field, various ions and
electron beams were usedsimiulate the radiation irradiation, and nandentation test, mickRaman spectroscopy,
electron paramagnetic resonance and transimision microscopy etc methods, were employed to studystnectoico
evaluation versus irradiation. Different kindsbmrosilicate glasses are studied in this work. Proton arfidkt&” and Xé&*
etc. ion beams were used for simulating alpha particle, recoiled nuclei and also fission fragments, and 1.2MeV electron
beam was used for simulating the be&ay irradiationri the experiments. The irradiation dose is in the range®@&yt0
10"Gy. The average hardness of borosilicate glasses decreases significantly versus the ion irradiation dose and reaches to a
saturation aboutl4% above a critical dose of 3XT. But therds almost no change up to a dose of @by electron
irradiation, and only 4% decrease is found after 1&}Celectron irradiation. A decrease of the averag®-Si angle and
an increase in number of thregembered Si@ring are observed. The polymeation of the silicate network increases with
the electronic energy deposition according to the Raman spectra. These have been correlated to the densification process of
glass.The minor effects of ion irradiation on structure modifications mainly atttibbtibe recovery caused by thermal
guenching during ion irradiation as a consequence of local heat associated with thermal spike effect. The radiation effects
are also observed by EPR. It is evidently ddespendent. The results indicate that the nucleargy deposition is the
major factor of the evolution in the plastic response of the borosilicate glass, while the electronic energy depoggion affec
to the silicate network and migration of the alkaline results in changes of mechanical properties.
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WED-IBM04-3 #115- Invited Talk- Wednesday 3:30 PMPecos lI
Application of pyroelectric crystal to metal ion beam

Susumu ImashukiAkira Imanishi, Jun Kawai
Materials Science and Engineering, Kyoto University, Sakyo, Kyot@®5086, Japan

When a ¢mperature change under a vacuum condition is applied to a pyroelectric crystal, an electric field around
50 kV is produced due to uncompensated charges on the surface of the pyroelectric crystal. In the present study, appling the
produced electric fieldye tried to fieldemit metal ions by dropping ionic liquid containg metal ion on the pyroelectrc
crystal. In the experiments, ionic liquid (EMI,N, EMI = 1-Ethyl-3-methylimidazolium (GH13N,) Tf = CRSO,)
containing zinc ions was dropped on the pyraelecrystal of LiTaQ and electric field was applied between the ionic
liquid and silocon or silver substrate. By XPS measurment, it was confirmed thaNya(HEMI-Tf,N, and Znk were
deposited on silicon substrate. In contrast, ZsNJ£f EMI-Tf,N, ard ZnS were deposited on silver substrate. The results
that deposited compounds were different from substrates is considered to be related to affinities of fluorine and sulfur to
silicon and silver. We can say that silicon has a high affinity for fluonktlat silver has a high affinity for surfur. From
these results, it is considered that various kinds of ions suctfa€ER#*, ZnF', Zn,S**, Tf2N were emitted by appling an
electric field with 50 kV between EMIf,N containing zinc ions and substrates

WED-IBM04-4 #53- Invited Talk- Wednesday 3:30 PMPecos Il
Microstructures of barium titanate irradiated with 1.5 GeV 2% ions

Weilin Jiand, Ram DevanathanKazuhisa SafpManabu Ishimariy Tamas Varga Abdenacer Benyagofib
Wpacific Northwest National Laboratory, Richland WA 99352, United States
@Tohoku University, Sendai Miyagi 98577, Japan
®0saka University, Ibaraki Osaka 58047, Japan
@Grand Accélerateur National d'lons Lourds, Laboratoire CIMAP, 14070 Caen cedex eFran

Barium titanate (BaTig) has been extensively studied for a wide range of potential applications in ferroelectric,
dielectric, semiconducting, and optical devices. Although a few irradiation studies of the material with MeV ions have been
reported irthe literature, those using swift heavy ions (SHI) are still absent to date. Such studies are needed to understand
the physical processes associated with the ion track formation and heat transportr@atgld3aTiQ exhibits different
crystalline phasgin different temperature ranges and is an excellent model material for study of microstructures due to
phase transformation induced by thermal spikes in the transient process.

Irradiation of tetragonally structured BaTi@®as performed at the GANIL fdity using 1.5 GeV**®U ions to ion
fluences of 1.0x10 5.0x13° and 1.4x1& ions/cnf at nominal room temperature. Subsequent sample characterizations
have been carried out using various methods, including helium ion microscopy (Hidj) diffraction KRD), and
transmission electron microscopy (TEM). From TEM, we observed an amorphous core athiyi@pot with a diameter
of ~10 nm. The spot is surrounded by a strained lattice structure -§actssnal TEM examinations exhibit a similar
feature. Vi also observed satellitixe defects around the ion track. HIM study shows that the highestce sample was
broken into pieces at the surface, probably due to pinassformation induced local stress:slitu XRD data suggest that
phase transformatioin a perfect BaTi@crystal from tetragonal structure at room temperature to cubic structure at 403 K
is reversible. In addition, we have also developed interatomic potentials for this system and have performed molecular
dynamics (MD) simulations of theral spikes for various electronic stopping power values. The simulations show similar
damage structures and reveal the stages in microstructural evolution under SHI irradiation. The experimental and
computational results, along with data analysis and dgon, will be presented.
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WED-IBM04-5 #484- Contributed Talk Wednesday 3:30 PMPecos I

Charge changing crosssection of 300 A MeV F&*ion beam in Al target

Renu GuptaAshavani Kumar
Department of Physics, National Institute of Technol&gyukshetra, India

A stack was composed of CR39 and Makrofol foils of size 11.5 x 112&ednaluminum as target for the beam
exposure. The stack was then exposed 8"k beam with energy 300 A MeV at Brookhaven National Laboratory
(BNL) NSRL, USAin 2005 at normal incidence with total ion density of ~2008/cRartial charge changing cressction
of B00AMeVFé'i on beam was cal cul at e-d,-2j.n,-28 bywsing nackmetch technigeet f or ¢
Etched cone tracks due to ion beam and their fragments were analysed by using automated optical microscope under the
magnification 20X with Leica QWin Ptusoftware after etching the detectors in 6N NaOH solution at (70 ¥@.Very
new technique of single side etching was used in the present work to prevent the development of the tracks from the other
side surfaces of the detectors. For calculatinggeghahanging crossection, the diameter distributions of tracks due to
beam and fragments for the detectors before and after the target were obtained and fitted by multiple Gaussians. From
Gaussian fittings, the number of fragments before and after thet t@as calculated within 95.5% confidence levels and
number of incident projectile ions and survived projectile ions were calculated within 99.7% confidence levels. Total
charge changing crosection was calculated and compared with the experimentétsre§others and was also fitted by
BradtPeters theoretical geometrical creextion. Charge of the fragments was detected with better charge resolution. To
show the consistency in measurements, the response of two detectors was given by a relatorebetate ratio p and
restricted energy loss (REL) and was found within the limits of experimental error. The response of the detectors was fitted
by a first degree polynomial.

WED-IBM04-6 #487- Contributed Talk Wednesday 3:30 PMPecos II

Optimizing the Composition Measurement of UltraThin Metal Oxide Films Through the Combination of
Recoil and Forward Scattering

Gregory J SteinBarney L Doyle
Radiation Solid Interactions, Sandia National Labs, 1515 Eubank SE, Albuquerque NMI®EB3%)nted States

lon Beam Analysis (IBA) has routinely been used to characterize this composition of thin films because of its
broad elemental sensitivity and its quantitative approach. Sandia has recently developed a new IBA technique especially
well suitedfor the composition measurement of meigide memristive materials, particularly Ta2®%hat combines
simultaneous Rutherford Forward Scattering (RFS) and Elastic Recoil Detection (ERD), called RFSERD. This new
technique utilizes high energy heavy idram tandersstyle accelerators, and a standard ERD geometry where both the
heavy ions that are scattered by the sample atoms, and the atoms recoiled by the Si beam are energy analyzed using a single
surface barrier detector mounted in the forward directBefore detection, all of the scattered heavy ions and target recoils
pass through a Mylar range foil.

This talk will describe a theoretical treatment of the RFSEREatom collision physics that has led to the
optimal selection ,for a 6MV tandem atamtor, of the incident beam ion (Si or Cl), it's energy (~46 MeV), range foil
thickness (~13 microns) and scatter/recoil angle (30 degrees). This treatment has also indicated that the reprdducibility o
the scattering angle dominates the propagatiarrof in the measurement of stoichiometry, and suggests the need for
control of this angle to ~0.1 degree or standards when the RFSERD technique is used. We will also usddhis ion
collision theory to suggest optimum beam and detector geometriasvide range of other particle accelerators typically
used in IBA labs.

" Sandia National Laboratories is a mydtbgram laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Degpattof Energy's National Nuclear Security
Administration under contract DEC04-94AL85000.
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WED-MAO03-1 #198- Invited Talk- Wednesday 8:30 AMPecos |

BINP projects for cancer therapy and other medical applications

Eugene Levichev
Accelerator, Buddr Institute of Nuclear Physics, Lavrentiev 11, Novosibirsk 630090, Russia

Budker Institute of Nuclear Physics (BINP) is a watiown scientific center located in Novosibirsk city, Russia.
The BINP fields of research include high energy physics, actelagence and technology, synchrotron radiation
generation and utilization, plasma and thermonuclear studies. Besides fundamental science activity, BINP is developing
equipment for application in different areas of medicine, industry, material sciénde, this talk | discuss BINP projects
and achievements for medical applications including carbon ion synchrotron with electron cosliygscanners with
extremely low radiation dose, small electron accelerators for sterilization, BNCT electre@stdémtaccelerator, etc.

WED-MAO03-2 #438- Invited Talk- Wednesday 8:30 AMPecos |
Development of the new IBA S2C2

Patrick Verbruggeh Michel Abg, Sebastien HenrofinYves Jongeh Wiel Kleeven, Sebastien QuétsMatthieu
Conjaf, JeromeMandrillor?, Pierre Mandrillof
Djon Beam Applications s.a., Chemin du Cyclotron, 3, LoulaNeuve 1348, Belgium
@AIMA Developpement, Nice 06200, France

In 2009, IBA took the decision to start the development of a compact superconducting Gyclolman as an
alternative, compact source of protons for protontherapy. This new accelerator will be integrated to future small footprint
proton therapy centers called Proteus Onel®is ambitious project, driven by a small dedicated team and rurigint a
schedule and budget, is challenging in numerous aspects. For instance, several Beam Physics codes needed to be developec
or modified to handle the variable frequency during acceleration. In addition, due to the compactness of the machine, even
the sightest modification on one of its subsystem may have an impact on oBesisles that, the S2C2 is a unique
opportunity to start from a blank page, bring new technologies into the company, create new partnerships and incorporate
novel ideas in the systearchitecture.This communication covers the evolution of the project from initial requirements
and sketches to the latest pictures of assembly and testing in our factory, describing all rgjstesnsb.

WED-MAO03-3 #241- Invited Talk- Wednesday 8@ AM - Pecos |

Application of Novel Acceleration Concepts for Medical Applications

Chandrashekhar Joshi
Electrical Engineering, UCLA, 405 Hilgard Ave, Los Angeles CA 90095, United States

New concepts for particle acceleration have made a greatssimidecent years. One can now envision extremely
compact few hundred MeV electron and ion accelerators that are powered by laser pulses in the near future. Consequently
researchers are beginning to develop new concepts for very high energy electronahdrieadron therepy using laser
driven accelerators. | will discuss the princilples behind these new acceleration schemes, show the state of th@art results
electron and ion acceleration and present some ideas on how these ideas might be appiieztiinaghéeld.
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WED-MA03-4 #202- Invited Talk- Wednesday 8:30 AMPecos |

New techniques and technology for cancer treatment with a proton beam

Vladimir Balakin
ZAO "PROTOM", Akademichesky proezd 2, 110, Protvino 142280, Russia

It is known forseveral decades that the use of proton beams has significant advantages overaghatiorafrom
electron accelerators. However, currently there are a few thousand electron accelerators in use, and only two orfthree tens o
proton acceleratorsThe aimof our manyyearslong work is an attempt to correct this inconsistentwydevelop and
promote the proton beams as the main tool instead of electron beams. To make this happen, the cost of the techniques and
technology of radiation therapy with a proto@am has to be reduced many of timdew technology of treatment: fast
immobilisation system, muHield irradiation and optimised IMPT allow with one treatment room to have higher efficiency
and productivity then any existing proton facilitlaximal energy of proton beam 330 MeV gives the possibility to have
proton tomography in the futur&Ve hope that in not so far future most of the treatment will be on the proton facilities
instead of electron accelerators.

WED-MAO03-5 #473- Invited Talk- Wednesday 8:30 AM- Pecos |
Compact Superconducting Cyclotrons for Medical Applications

Timothy A. Antaya
lonetix Corporation, Hampton NH 03842, United States

Proton Beam Radiotherapy (PBRT) is now beginning to make transition from large regionalgdailitiere
affordable and more widely distributed local one room and two room facilities. This is both in the US and Europe and is
driven by patients and medical groups. Superconducting synchrocyclotrons, owing to their ability to operate at high
magnetic ields and the resulting exceptional compactness are the accelerator of choice for these next generation facilities.
In addition, PBRT treatment gantries need to be more compact and more open, and here again superconducting gantries
with high momentum accégnce appear favorable for scanned beams and are now under development for operation by
2014. The recent supply instability in SPEC isotopes for cardiac imaging, and the need for advanced imaging agents for
Alzheimer's disease diagnosis, is driving imagimghort lived PET isotopes, and a recently commissioning high field
cyclotron appears ready to make possible point of use on demand availability of C11,N13 and O15 tracers. A survey of
recent advances in superconducting technology in these areas miideein this talk, with emphasis on present status,
current limitations and future prospects.

WED-MAQ3-6 #207- Invited Talk- Wednesday 8:30 AMPecos |

Startup of the Kling Center for Proton Therapy

Charles BlochPatrick Hill, Kuan Ling Chen, Akb Saito, Eric E Klein
Radiation Oncology, Washington University School of Medicine, 4921 Parkview Place, Campus Box 8224, Saint Louis MO 63110,
United States

In November of 2011 Mevion (formerly Still River Systems) delivered the S250 Proton Thesagmsy
accelerator to the Kling Center for Proton Therapy at the Siteman Cancer Center in Saint Louis. The Mevion system is
unique, with an imroom gantrymounted superconducting synckogclotron. This is the first true singteom proton
therapy systemral has greatly reduced size as well as cost. A month after its arrival, the installation was complete and the
superconducting magnet was ramped up to full current (~2000 amperes). In March of 2012, full energy beam was extracted
and radiation surveys weperformed to verify the shielding. Once that was shown to be sufficient, Mevion began fine
tuning the system to provide a highly isocentric beam from the 50 ton system. In June tbleafiéfd) system (energy
degraders, contoured scatterers and ramggulators) will be installed and clinical beam measurements will commence.
Monte Carlo simulations (MCNPX) have been performed for the system and validated with beam measurements done at
the factory. Those simulations have been used for a preliminamnissioning of our treatment planning system.
Additionally predictions of the neutron background have been made and validated with factory measurements. Final
commissioning of the treatment planning system and verification of the neutron backgrowearitiomplished with
measurements made later in 2012. Based on current progress, patient treatments are scheduled to begin later this year.
Beam and radiation background data will be presented.
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WED-MAO03-P1 #406- Poster- Wednesday 5:30 PMRio Grande

Associated Particle Neutron Imaging for Elemental Analysis in Medical Diagnostics

Haoyu Wang David Koltick', Huiling Nie?
®physics Department, Purdue University, 525 Northwestern Avenue, West Lafayette Indiana 47907, United States
@school of Halth Sciences, Purdue University, 550 Stadium Mall Drive, West Lafayette Indiana 47907, United States

Associated particle neutron elemental imaging (API) for in vivo and invitro diagnostic analysis is a candidate to
measure elemental disease signatuResults are presented of phantoms that sugest API can produce elemental images
with spatial features as small as a few milimeters even when limiting patient radiation expostemtarsl with
elemental sensitivity relevant to medical diagnostiéile the human body is composed of complex mechanical,
chemical and organizational interactions involving molecules with up to 100s of billons of atoms, it is surprising localized
elemental content presents diagnostic information on disease presence. Asaigatmntal concentrations have been
observed to depend on cancer location for breast, liver, colon, kidney, lung and prostate. In vivo observation of these
elemental anomalies would provide a diagnostic tool for disease presence. In vitro observapoovidayrapid margin
analysis during surgery to reduce the need for surgical reintervintion. Investigation into the pathways underlying these
anomalous elemental concentrations may provide new and possible novel therapeutic targets. Measured aleasental di
signatures range fromgdpm to over 100ppm.

WED-MA04-1 #139- Invited Talk- Wednesday 1:00 PMPecos |

The iRCMS rapid cycling synchrotron

Joseph Lidesttj Dejan Trbojevig Derek Lowenstefn Richard JohnsdnStephen Pegds
®syperonducting Magnet Division, Brookhaven National Laboratory, Building 902, Upton NY 11973, United States
@collider-Accelerator Department, Brookhaven National Laboratory, Building 902, Upton NY 11973, United States

©®Best Medical International, 7643 Futten Road, Springfield VA 22153, United States

I will describe the status and plans for the IRCM#e ion Rapid Cycling Medical Synchrotrebeing designed
and developed under a Cooperative Research and Development Agreement (CRADA) between Balstidéedational,
and Brookhaven National Accelerator.

WED-MAO04-2 #157- Invited Talk- Wednesday 1:00 PMPecos |

Dielectric Wall Accelerator for Proton Therapy

Yu-Jiuan Chen
Lawrence Livermore National Laboratory, 7000 East Avet1D, LivermoreCA 94550, United States

We are developing a compact dielectric wall accelerator (DWA) for the intensity modulated proton therapy with a
goal of fitting the DWA in a single room. We have developed a transport scheme to transport the proton bunch & the DW
and to focus the charge bunch on the patient without using any external focusing lenses. The transport scheme allows us
change the proton beam spot size on the patient easily and rapidly. Slanting the conductorgrafitéghinsulator stack
with an angle provides a dipole field and an acceleration field. We are using this fact to develop-BWttaeam
scanning method. These beam transport developments will be presented.

The Compact Particle Accelerator Corporation has developed an architegitwduoe pulsed proton bunches
suitable for cancer treatment. Subsystems include a RFQ injection system with a pulsed kicker to select the desired proton
bunch and a linear DWA with stacked Blumleins to produce the required voltage. The Blumleins dredswitis solid
state laser driven optical switches, which are an integral part of the Blumlein assemblies. A master timing system to
synchronize the RFQ with the DWA has been successfully developed. Other subsystems include a laser, a fiber optic
distribuion system, an electrical charging system and beam diagnostics. An engineering prototype has been constructed
and it has been fully characterized. Results obtained from the engineering prototype support the development of an
extremely compact 150 MeV systecapable of modulating energy, beam current and spot size on a shot to shot basis
within the next two years. The engineering prototype and experimental results will be presented.

*This work performed under the auspices of the U. S. Department of Engtg@mience Livermore National
Laboratory under Contract DEC52-07NA2A27344.
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WED-MA04-3 #268- Contributed Talk Wednesday 1:00 PMPecos |

Cyclotron-Based Neutron Source for Boron Neutron Capture Therapy

Toshinori Mitsumtd, Hiroshi Tsutsdi Satou Yajima, Hiroki Tanaka, Yoshinori Sakurdj Akira MaruhasHi
®Quantum Equipment Division, Sumitomo Heavy Industries, L] ¥ateCho, NishiTokyo Tokyo 188685, Japan
@Research Reactor Institute, Kyoto University, 2, AsasNighi, Kumatoi-cho, Sennaigun Osaka 590494, Japan

Kyoto University Research Reactor Institute (KURRI) and Sumitomo Heavy Industries, Ltd. have developed a
cyclotronbased neutron source for Boron Neutron Capture Therapy (BNCT). It was installed at KURRI caogaksin
prefecture. The neutron soruce consists of a proton cyclotron name2DHMbeam transport system and an irradiation &
treatment system. In the cyclotron,ibhs are accelerated and extracted as 30 MeV proton beam of 1 mA. The proton beam
is tranported to the neutron production target made by beryllium plate. Emitted neutrons are moderated by lead, iron,
aluminum and calcium fluoride. Aperture diameter of neutron collimator is in the range from 100 mm to 250 mm. The peak
neutron flux in the watgehantom is 1.8x1tneutrons/crfisec at 20mm from the surface at 1 mA proton beam. The netrons
source have been stably operated for 3 years with 30 kW proton beam. Variglisipattests including animal tests have
been done by using the cyclotdsasedheutron soure witf’B-p-Boronophenylalanine. Clinical trials of malignant brain
tumors will be started in this year.

WED-MAQ04-4 #54- Invited Talk- Wednesday 1:00 PMPecos |

A new type of accelerator for charged particle cancer therapy

Thomas Rbert Edgecock
ASTeC, STFC Rutherford Appleton Laboratory, Chilton, Didcot Oxon OX11 0QX, United Kingdom

So-called nonscaling Fixed Field Alternating Gradient acceleratorsHRAGs) show great potential for the
acceleration of protons and light ions the treatment of certain cancers. They have unique features as they combine
techniques from the existing types of accelerators, cyclotrons and synchrotrons, and hence look to have advantages over
both for this application. However, these unique featureannthat it was necessary to build one of these accelerators to
show that it works and to undertake a detailed conceptual design of a medical machine. Both of these have now been done.
This presentation will describe the concepts of this type of acamlesabw results from the proof-principle machine
(EMMA) and describe the medical machine (PAMELA).

WED-MAOQ04-5 #413- Contributed Talk Wednesday 1:00 PMPecos |

Compact CW FFAGs for combined Proton and Carbon Therapy and Proton Computed Tomoggzhy

Carol Joanne Johnstdnélywel Owef, George Coutrakdn
Wparticle Accelerator Corporation, 809 Pottawatomie Trail, Batavia IL 60510, United States
@Univesity of Manchester, Manchester, United Kingdom
®Northern Illinois University, 1120 East Bl Rd, Naperville IL 60563, United States

The advantage of the cyclotron in proton therapy is its continuous (CW) beam output which reduces complexity
and response time in the dosimetry requirements and beam controls along with a clear advantaigbeampestanning.
Present compact isochronous cyclotrons for proton therapy reach only 250 MeV as required for patient treatment, but this
energy is low for full proton Computed Tomography (pCT) capability. PCT specifications requiB8300eV in order
for protons to transit the human body. Recent innovations irsaaling FFAG design have achieved isochronous (CW)
performance in compact machine designs at these higher energies. Further, lower energy beams can be efficiently
extracted for proton thapy thus avoiding the beam loss associated with degrading the higher eneMg\38@am down
to treatment energies. These advances in CW accelerator technalegyden extended successfuliyriclude carbon
therapy machine designs and a combined protobon system has also been successfully integrated. These new advances
in CW accelerators for proton and carbon therapy are presested h
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WED-MA09-1 #96- Contributed Talk Wednesday 3:30 PMPecos |

Improvement of Extraction Efficiency from a Compact Synchrotron for Proton Beam Therapy by
Applying Particle Tracking Analysis

Futaro EbinaMasumi Umezawa, Kazuo Hiramoto
Hitachi Research Laboratory, Hitachi, Ltd;12 Omikacho #chome, Hitachshi Ibarakiken 3191221, Japan

Various types bsynchrotrons are used for particle beam therapy. In particle beam therapy, especially in proton
beam therapy, downsizing of the accelerator system is major cors@ampact synchrotron dedicated for proton beam
therapy is presented. The synchrotrohdsizontally weak focusing and consists of 4yge zeregradient dipole magnets
and 4 quadrupole magnets. The circumference of the ring is a little shorter than 18 m, and the energies are up to 230MeV.

Beam extraction from the synchrotron is performgdriB~driven slow extraction technology. Two sextupole
magnets set in adjacent straight sections form a horizontal separatrix which is fixed during the beam extraction. Horizontal
RF voltage excites betatron oscillation of the circulating beam, and prexoeeding the separatrix are extracted by an
electrostatic deflector and a horizontal septum dipole magnet. To achieve adequately high extraction efficiency, the
relationship between the extraction efficiency and the horizontal chromaticity of the riragnatgzsed by particle tracking
simulation. The horizontal chromaticity with maximum extraction efficiency is half of the theoretical value because of the
distortion of the horizontal separatrix for the extraction. With this chromaticity, the-spiabfthe extracted particle is
independent of the momentum deviation of the particle, and the separatrix across the electrostatic septum electrodes is
superpositioned.

WED-MAQ09-2 #278- Contributed Talk Wednesday 3:30 PMPecos |

Automated Beam Tuning Function to Correct Beam Axis Shift with High Accuracy in Proton Beam
Therapy System

Masumi_Umezawa Satoshi TotaKe Koji Matsud&, Chihiro Nakashinfa Kiminori Ig&f, Kazuo Hiramotd
Kazumichi Suzukj Michael T Gillir?
BHitachi Research Labattory, Hitachi, Ltd., 72-1 Omikacho, Hitachi Ibaraki 3191221, Japan
@Hitachi Works, Hitachi, Ltd.,-d-1 Saiwaicho, Hitachi Ibaraki 3178511, Japan
®Department of Radiation Physics, The University of Texas, MD Anderson Cancer Center, 1840 Gl BpéinHouston Texas
770542002, United States

Purpose:In order to maintain the desired dose distribution in clinical irradiation field of proton beam therapy
system, automated beam tuning(ABT) function, which enables to maintain the high acafreem® position and
gradient at the irradiation nozzle, had been developed and applied to the passive scattering nozzles employed in Proton
Therapy Center Houston(PTid).

Method: The passive irradiation nozzles employed in P @tilizes dualring doublescattering method to
expand the irradiation fields laterally. In this expansion method, the required beam axis accuracy is quite high. @n the othe
hand, in hospitabased proton center such as PRICthere may be no time to tune all of the beam paraméteing
treatment. Therefore, ABT function had been developed and applied to correct the beam axis shift at the irradiation nozzle
and the entrance of the rotating gantry. Beam axis correction algorism, which had been developed originally by Hitachi,
calaulates the exciting current of two sets of steering magnets installed in beam line based on the measurement results of
two beam position sensitive monitors.

Results: Before applying this ABT function to daily treatment session, we had conducted venifitegt. The
results showed the beam axis shift can be corrected as expected. In daily clinical sessions, beam checking procedure is
performed prior each patient treatment field. In the procedure, small portion of the beam is irradiated to the beasn monitor
and checked its properties while beam block in the nozzle stop the entire proton beam. In the case that the beam axis is
outside of tolerance, ABT function runs automatically and corrects the beam shift. From the trend of recorded values of
steering maget, it was clear that the beam properties from synchrotron have been stable and reproducible.

Conclusion: The ABT function had been developed and successfully applied to daily treatment-i.PTC
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WED-MAQ9-3 #229- Invited Talk- Wednesday 3:30 PMPems |
Production of High Specific Activity ***Re for Cancer Therapy Using a WQ Target in a Proton Beam

Michael E FassbendeBeau D Ballarl Jonathan W EngteF Meiring Nortiet, Kevin D Johf, Eva R Birnbaurh
Cathy S Cutlet, Silvia S Jurisson Alan R Ketring, D Scott Wilbu?
Wchemistry Division, Los Alamos National Laboratory, PO Box 1663, Los Alamos NM 87544, United States
@University of MissourColumbia, Columbia MO 65211, United States
®University of Washington, Seattle WA 98105, UnBeates

Rhenium186 is ab” emitter with a haHife of 90.64 h and & endpoint energy of 1.07 MeV. The isotope is
suitable to treat cancers with small dimensions (mm range). Moreovegntsssion at 13715 keV is in the energy range
sui t abl ecamemarand!SBET mam. Current production methods rely on the neutron capture induced reaction
Re(n,2) in a reactor and ar e as s oY theabelithiting ihe dpplidatonvof s pe c i f
the isotope to palliative treatments. Productionciarged particle irradiation of enrich8W results in d*Re product
with a much higher specific activity; allowing its use in therapeutic nuclear medicine. A test target of pressed, sintered
"WO; (25.2 g; 2.54 mm thick) was proton irradiated atlthe Alamos Isotope Production Facility (LANPF) to
evaluate radionuclide product yields, impurities, irradiation parameters and wet chemical Re recovery for a bulk
production. We demonstrated th&Re can be isolated in 97% yield from irradiaf®/O; targets within 12 h of end of
bombardment (EOB) via an alkaline dissolution followed by anion exchange. Tungsten (VI) oxide can be easily recycled
for recurrent irradiations. A°Re batch yield of 42.7 + 2.2 mCi/mAh (439 + 23 MBq/C) (with respeti®w content) was
obtained after 24 h in an 18.5 mA proton beam. The target entrance energy was determined to be 15.6 MeV. The specific
activity of '®®®Re at EOB was measured to be 1.9 kCi (70.3 TBq)xiinidsed upon our studies BfNVO;, we anticipate
the utilization of enriched®WO3; and a proton beam of 250 mA for 24h will provide batch volumes of 256 mCi (9.5 GBq)
of '®Re at EOB with a specific activity approaching the theoretical value of 35kCixh{ir295 TBgxmmot).

WED-MAQ09-4 #306- Contributel Talk- Wednesday 3:30 PMPecos |

Development of the MinkSHINE/MIPS experiment at the Low Energy Accelerator Facility,
Argonne National Laboratory

Sergey Chemerisg¥harles Jonah, Amanda Youker, Andrew Hebden, Nicholas Smith, Peter Tkex,Baiheg,
Vakhtang Makarashvili, Bradley Micklich, Elizabeth Krahn, John Krebs, Delbert Bowers, Allen Bakel,
George Vandegrift
Chemical Science and Engineering, Argonne National Laboratory, 9700 S Cass Ave, Lemont IL 60439, United States

ArgonneNational Laboratory (ANL) is conducting experiments to support Babcock and Wilcox Technical
Services Group (B&W) and Morgridge Institute for Research (MIR) as part of the National Nuclear Security
Administration (NNSA) Global Threat Reduction Initiativ€&TRI) program to accelerate the establishment of a reliable
domestic supply of M®9 produced without the use of high enriched uranium (HEU).

B&W is developing the Medical Isotope Production System (MIPS); in this system9\®produced in an
LEU-fueled aqueous homogenous reactor (AHR) by the fission283) MIR is currently developing the Subcritical
Hybrid Intense Neutron Emitter (SHINE), which creates-898oby neutrorinduced fission of LEU in an aqueous solution
contained in a subritical acelerator driven reaction vessel. Both uranyl nitrate and sulfate solutions are being considered
for use in these systems.

The minkSHINE/MIPS experiments planned at Argonne's Low Energy Accelerator Facility (LEAF) will provide
important design data fdioth systems. We will measure the production rate and composition of radiolytic gases generated
during operation of the system under varying conditions of power density, solution temperature, -apdcstaditions;
monitor changes of solution compositiperoxide concentration, iodine, and nitrogen speciation, pH, conductivity, solids
formation), vs. time, temperature, and fission power; and demonstrateddeery from the irradiated solution at the end
of irradiation.

This presentation will review ehdesign of the main components of the RSRINE/MIPS setup, results of the
Monte Carlo computer simulations, and the current status of these activities.

Work supported by the U.S. Department of Energy, National Nuclear Security Administration's (NSSia&s)
of Defense Nuclear Nonproliferation, under Contract 8E02-06CH11357.
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WED-MAQ9-5 #242- Contributed Talk Wednesday 3:30 PMPecos |

Design and Experimental Activities Supporting Commercial U.S. Electron Accelerator
Production of Mo-99

Greory E. Dalé, Segey D. ChemerisdvGeorge F. VandegrfitKeith A. Woloshuh, Charles T. Kelsey 1Y Peter Tka
Charles D. JonghEric R. Olivas, Ken P. Hurtlé, Frank P. RomerfpDale A. Dalmak James T. Harvey,
Vakhtang Makarashuvili
®Los AlamosNational Laboratory, PO Box 1663, Mail Stop H851, Los Alamos NM 87544, United States
@Argonne National Laboratory, 9700 S. Cass Avenue, Argonne IL 60439, United States

Los Alamos National Laboratory (LANL) and Argonne National Laboratory (ANL) are wgriogether with
NorthStar Medical Technologies, LLC as part of the National Nuclear Security Administration (NNSA) Global Threat
Reduction Initiative's (GTRI) program to accelerate the establishment of a reliable domestic supp§faviouclear
mediine, produced without the use of highly enriched uranium (HEU). The metastable daughter produ68ofTiglo
99m, is the most commonly used radioisotope in nuclear medicine. This radioisotope is used in approxirtitietstafo
all nuclear medicine ingng procedures, amounting to approximately 50,000 diagnostic nuclear medicine procedures
performed every day in the United States (US). Until recently, the entire US supply@8 ko nuclear medicine has been
produced in aging foreign reactors usingUHtargets. Recent maintenance and repair shutdowns of these reactors have
significantly disrupted the supply of M@0 in the US and much of the rest of the world.

Experiments are being performed by LANL and ANL to demonstrate and validate the techoolpgmdiicing
Mo-99 using higkhpower electron accelerators utilizing the a0 0 ( 9 -9%rgadtion in an enriched MIDO target. The
photons for this reaction are generated by bremsstrahlung as the electron beam from the accelerator collides with the target
Subjects currently under investigation include target cooling, maximizing the production rate, quantification of side
reaction products, and processing targets after irradiation. To date, five scaled target irradiations have been penfprmed usi
the eletron accelerator facility at ANL. Following an upgrade of the accelerator, a scaled production run is scheduled over
the summer to produce greater than 30 Ci of®@dn a 24hour irradiation using an enriched M®O target. This
presentation will reviewhie current status of these activities.

WED-MAQ09-P1 #244- Poster- Wednesday 5:30 PMRio Grande

Development of the Compact Proton Beam Therapy System dedicated to Spot Scanning with Real Time
Tumor Tracking Technology

Masumi_Umezawa Rintaro Fujmoto', Tooru Umekawh Yuusuke Fuijfi, Taisuke TakayanagiFutaro Ebing
Takamichi Aok, Yoshihiko Nagamirfe Koji Matsudd, Kazuo Hiramoth Taeko MatsuuraNaoki Miyamotd,
Hideaki Nihongi, Kikuo Umegal, Hiroki Shiratd
WHitachi Research Laboratory, Hitachi, Ltd.-Z-1 Omikacho, Hitachi Ibaraki 3191221, Japan
@Hitachi Work, Hitachi, Ltd., 8l-1 Saiwaicho, Hitachi Ibaraki 3178511, Japan
®Department of Medical Physics, Hokkaido University Graduate School of Medicine, KilisHi5, Sapporo Hokkaido
0600815, Japan
@Department of Radiation Medicine, Hokkaido University Graduate School of Medicine, Kita 15 Nishi 7, Sapporo Hokkaido

0600815, Japan

Purpose: The spot scanning technique in proton therapy has advantage swgieesr controllability for the
irradiation dose distribution. In order to maximize its advantages, Hokkaido University and Hitachi Ltd. has started the join
development of the Reéime Tumortracking Proton Therapy (RTPT) system by integrating-tiead tumortracking
technology and proton therapy system dedicated to discrete spot scanning techniques.

Method: In order to realize compact and costiuced proton therapy system, Hitachi has concentrated to develop
the synchrotrotbased accelerator systday taking advantages of spot scanning technique, for example, the quantity of
proton beam and maximum energy can be reduced less than that for the passive scattering technique. In order to control the
dose distribution irradiated to the moving tumors weplot scanning, RTPT system have the ability to gate the proton
beams from the synchrotron only when the actual positions of fiducial markers are within the planned position. In this gated
irradiation, we have focused on the issues to maximize irradiaficiency and minimize motion dose errors.
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Results: This integrated system consists of the nedégigned synchrotron accelerator, beam transport system,
the one compact rotating gantry treatment room with robotic couch, and one experimental roerfutoreétresearch. The
maximum range of 30g/chand irradiation field size of 30x40cm. The synchrotron has its circumference of 18m, which is
20% less than that of the Hitachi's conventional synchrotron design. From the viewpoint to improve irradicigoeeff
the new control function which enables multiple gated irradiations per synchrotron operation cycle has been applied and
confirmed its efficacy by the irradiation time estimation.

Conclusion: The RTPT system has been designed under the collalzosatidy of Hokkaido University and
Hitachi, Ltd. This newlydesigned system will be able to maximize the advantages of spot scanning technique from the
view of both clinical and economical point.

WED-NBAEO06-1 #246- Invited Talk- Wednesday 1:00 PMBrazos Il

Review of FELs and Synchrotrons as Accelerator Applications in Industry and Research

William A. Barletta
Dept of Physics & US Particle Accelerator School, Massachusetts Institute of Technology, 77 Massachusetts Avenue, CAmbridge M
02139, UnitedStates

Synchrotron radiation sources have had a profound effect on both science and technology from their beginnings
decades ago as parasitic operations on accelerators for high energy physics. Now the general area of photon science has
opened up new e@pimental techniques which have become the mainstay tools of materials science, surface, protein
crystalography, and nanotechnology. With the promise of-bHght beams from the latest generation of storage rings and
free electron lasers with full cotence, the tools of photon science promise to open a new area of mesoscale science and
technology as well as prove to be a disruptive wildcard in the search for sustainable energy technologies. This review will
survey a range of applications and explorgrieater depth the potential applications to EUV lithography and to
technologies for solar energy.

WED-NBAEQG6-2 #243- Invited Talk- Wednesday 1:00 PMBrazos Il

Time-Resolved XRay Photoelectron Spectroscopy Techniqudsr Real-Time Studies Of Intramolecular
And Interfacial Charge Transfer Dynamics

Oliver Gessnér Andrey Shavorskiy, Amy Cordone% Josh Vuraweis', Katrin Siefermanh Daniel Slaughtér
Felix Sturnf, Fabian Weise Matthew Stradér Hana Chy Ming-Fu Lin*“4 Camila Baellar*, Champak Khurnij
Marcus P. Hertleitf, Travis Wright, Jinghua Gutd, Hendrik Bluhm, Tolek Tyliszczak’, Giacomo Coslovich
Joseph Robinsdf, Robert Kaindl, Robert W. SchoenletpAli Belkacent, Daniel M. Neumark®, Stephen R. Lawe"*®,
Dennis Nordlung Hirohito OgasawafaAnders Nilssof) Oleg Krupitf, William F. Schiottet, Joshua J. Turn&r
Philip A. Heimanfi, Marc MesserschmittMichael P. Minittf, Martin Beyé, Sheraz Gf) Jin zhan§ Nils Husé
Wyltrafast Xray Science Laboratory, Chemical Sciences Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley
CA 94720, United States
@Chemical Sciences Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley CA 9472@tataded
®Materials Sciences Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley CA 94720, United States
®Department of Chemistry, University of California Berkeley, Berkeley CA 94720, United States
®Department of Physics, Ureitsity of California Berkeley, Berkeley CA 94720, United States
©®)SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park CA 94025, United States
(MHelmholtzzentrum Berlin fuer Materialien und Energie GmbH, Berlin 12489, Germany
(8)Departm3nt of Chemistry, University of California Santa Cruz, 1156 High Street, Santa Cruz CA 95064, United States
®Max Planck Research Department for Structural Dynamics at the University of Hamburg, Center for Free Electron Laser Science
(CFEL), Notkestrass&5, Hamburg 22607, Germany
(9advanced Light Source, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley CA 94720, United States

X-ray based spectroscopy techniques are particularly well suited to gain access to local oxidation states and
electronic dynamics in complex systems with atomic pinpoint accuracy. Traditionally, these techniques are applied in a
guaststatic fashion that usually highlights the steathte properties of a system rather than the often fast dynamics that
define thesystem function on a molecular level. Novelay spectroscopy techniques enabled by free electron lasers
(FELs) and synchrotron based pumobe schemes provide the opportunity to monitor intramolecular and interfacial
charge transfer processes in reale and with element and chemical specificity. Two complementarydongin xray
photoelectron spectroscopy techniques are presented that have been applied at the Advanced Light Source (ALS) and the
Linac Coherent Light Source (LCLS) to study charge fieararocesses in dysensitized nanostructured semiconductor
films, which are at the heart of emerging ligtatrvesting technologies.
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WED-NBAEO06-3 #367- Invited Talk- Wednesday 1:00 PMBrazos Il

Materials Processing R&D with a Free Electron Laser

Michael J. Kelley, Richard F. Haglund, Jr.
DFree Electron Laser Division, Thomas Jefferson National Accelerator Facility, 12000 Jefferson Avenue, Newport News VA 23606,
United States
(Z)Dept. of Physics and Astronomy, Vanderbilt University, 6301 SteweéDanter Lane, Nashville TN 3723807, United States

A unique light source to explore and develop lds®sed processes may be based on a free electron laser driven by
an energyrecovering linac. It can address much of the vast "white space" betwgeentput wavelengths of conventional
fixed-frequency lasers. The greatest success of conventional lasers is in delivering great energy intensighiontever
pulse duration with increasing average power. They serve as sources cfespatically dese electronic excitation,
which can be converted to heat, especially in metalgontrast, the inherent tunability of the FEL provides opportunity
for channeling energy into specific vibrational pathways in a material to achieve desired effectaic @agerials offer a
significant example, attracting as they do growing attention forgemxération photonics and electronics, with some
applications already commercialized. Present fabrication techniques based on solvents or evaporation set limits on
materials selection. Tuning the FEL to an IR absorption band, on the other hand, offers a path to-ssdéetivie energy
deposition, enabling pulsed laser deposition, processing, and analysis of otherwise intractable nmgberidig.FEL now
cominginto operation at JLab will offer further opportunities, as it will be able to drive electronic transition directly as well
as the vibrational transitions accessible with the IR FEL.

Authored by Jefferson Science Associates LLC under U.S.DOE ContrabiEN&BC05-060R23177

WED-NBAE06-4 #400- Invited Talk- Wednesday 1:00 PMBrazos |l

X-PEEM reveals novel biomineral properties at the nanescale

Rebecca Ann Metzler
Physics and Astronomy, Colgate University, 13 Oak Dr., Hamilton New York 13346, Staited

The ability to collect both spectroscopic and micrographic data simultaneously through the use of the synchrotron
based techniquesray absorption neagdge structure (XANES) spectroscopy any photoemission electron
microscopy (XPEEM) enal#s an unprecedented view of biomaterials in general and biominerals in particular. Biominerals
are complex composite materials consisting of both mineral and organic components that are arranged in unique and
extraordinary structures. Here we demonstitagecapabilities of XXEEM and XANES by examining two different
biomineral systems, sea urchin spicules and red abalone nacre, and revealing that XANES spectroscopy at the calcium L
edge is sensitive to calcium carbonate polymorph and at the carbdge<s able to detect orientation of individual
calcium carbonate crystals. Through the use-6fBEM and XANES spectroscopy we are able to obtain great insight into
the systems being studied.
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WED-NP051 #154- Invited Talk- Wednesday 8:30 AM Trinity Cental
The Francium Facility at TRIUMF

S. Aubir, J. A. Beht, R. A. Collistef, E. GomeZ G. Gwinnet, V. V. Flambaurfy D. G. Melconiafi L. A. Orozcd,
M. R. Pearsof) G. D. Sprouse M. Tandecki® J. Zhan§ Y. Zhad
®pept. Physics, Collegef dVilliam and Mary, Williamsburg VA 23185, United States
@TRIUMF, 4004 Wesbrook Mall, Vancouver BC V6T 2A3, Canada
®Dept. of Physics and Astronomy, University of Manitoba, Winnipeg MB R3T 2N2, Canada
®School of Physics, University of New South Wagsney 2052, Australia
®Department of Physics and Astonomy, Stony Brook University, Stony Brook NY 11794, United States
®)aser Spectroscopy Laboratory, Shanxi University, Taijuan Shanxi, China
™MJ0int Quantum Institute, Dept. of Physics and NISTyekhsity of Maryland, College Park MD 20742, United States
®Pphysics Department, Texas A&M University, College Station TX 77843, United States
®Instituto de Fisica, Universidad Autonoma de San Luis Potosi, San Luis Potosi SLP 78290, Mexico

The Franciunfacility at TRIUMF is a dedicated instrument for trapping Fr atombknenin the ISAC hall.
TRIUMF produces Fr by bombarding targets of uranium carbide with protons. Yields of hundreds of millions per second of
the longedlived isotopes (20 minutes) entine facility, which includes a Faraday cage to isolate from RF and microwave
interferences. It is currently under construction but we expect commissioning in the late summer of 2012. The facility
should prepare samples of neutral Fr for atomic specfpgsstadies of the weak nuclear interaction. The approximately 15
KeV Fr ions will land on an Yt foil for neutralization and then proceed to be captured in a magneto optical trap where their
temperature should be a few tens of microkelvins. These cold atitirbe moved into a science chamber where the
environment should facilitate precision measurements of the anapole moment of a series of Fr isotopes. The results should
provide information about the neutral weak currents inside the nucleus at very lgyesn@/ork supported by NSERC
and NRC from Canada, NSF and DOE from the USA.

WED-NP052 #311- Invited Talk- Wednesday 8:30 AM Trinity Central
Nuclear Structure Studies with Radioactive lon Beams in the Mass A = 80 Region

E. PadillaRodal, R. F.GarciaRuiz}, A. GalindeUribarri?, J. M. Allmond, J. C. BatcheldérJ. R. Beerfe C. Bingham,
K. B. Lagergef, P. E. Muellef, D. C. Radfor§, D. W. StracenérR. L. Varnef, C.-H. Yu?
@instituto de Ciencias Nucleares, UNAM, Circuito Exterior@l#., S/N, Mexico City Mexico City 04510, Mexico
@physics Division, Oak Ridge National Laboratory, 1 Bethel Valley Road, Oak Ridge TN 37831, United States
®Joint Institute for Heavy lon Research, Oak Ridge National Laboratory, 1 Bethel Valley Réeidga TN 37831, United States
®0ak Ridge Associated Universities, Oak Ridge National Laboratory, 1 Bethel Valley Road, Oak Ridge TN 37831, United States
®Department of Physics and Astronomy, University of Tennessee, 401 Nielsen Physics Buildiridg Kib&7996, United States

To get a comprehensive picture on how the shell structure evolves when we move towardsricbutraei in
the A = 80 region, we have measured a series of spectroscopic profge(@és: B (E2), Q andg-factors at tke Holifield
Radioactive lon Beam Facility (HRIBF). The beams, instrumentation and techniques developed at HRIBF specifically for
this purpose have allowed us to systematically study the behavior of these observables along isotopic and isotonic
chains using both stable and radioactive nuclei under almost identical experimental conditions. Recent results on
Coulomb Excitation oh-rich nuclei along theN = 50 shell closure and the static quadrupole moment of the Tirst 2
"®Ge will be presented.
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WED-NP053 #375- Invited Talk- Wednesday 8:30 AM Trinity Central

Development of the SuperORRUBA detector array and the measurement of single particle statesi6e

S. AHN"? A. S. ADEKOLA®, D. W. BARDAYAN?, J. C. BLACKMON, K. Y. CHAE?, K. A. CHIPPS,

J. A. CIZEWSKEP, J. ELSON, S. HARDY?, M. E. HOWARD, K. L. JONES, R. L. KOZUB', B. MANNING?®,
M. MATOS®, C. D. NESARAJA, P. D. O'MALLEY?, S. D. PAIN, W. A. PETERS, S. T. PITTMAN;, B. C. RASCG,
M. S. SMITH, L. SOBOTKA, I. SPASSOVA
®university of Tennessee at Knoxville, Knoxville Tennessee 37996, United States
@0ak Ridge National Laboratory, Oak Ridge Tennessee 37831, United States
®Rutgers University, New Brunswick New Jersey 08903, United States
®0oak Ridge Associad Universities, Oak Ridge Tennessee 37830, United States

®)Colorado School of Mines, Golden Colorado 80401, United States
®)guisiana State University, Baton Rouge Louisiana 70803, United States
(MTennessee Technological University, Cookeville Teree38505, United States
(S)Washington University in St. Louis, St. Louis Missouri 63130, United States

The study of nuclei far from stability elucidates the evolution of nuclear shell structure, and also affects estimates
of heavy element nucleosynthesisupernova explosions. Studying transfer reactions in inverse kinematics with
radioactive ion beams is a powerful technique for these types of studies. Rare isotope beams often have relatively low beam
intensities, and this places difficult requiremerrisdetection systems for reaction products. The detectors must provide
large solid angle coverage in the laboratory along with good position and energy resolution. The SuperORRUBA (Oak
Ridge Rutgers University Barrel Array) detector array has been dexkfopsuch measurements and is comprised of 24
doublesided norresistive silicon strip detectors. This configuration features low thresholds and improved resolution over
detectors employing charge division. As a first implementation of this systeftj(ffi&e p)®'Ge neutron transfer reaction
was measured at the Holifield Radioactive lon Beam Facility (HRIBF) at Oak Ridge National Laboratory (ORNL). The
gloGnstruction, commissioning, and performance of the array will be presented, as well as the $tatasadfsis of the

e data.

*This work was supported in part by the U.S. Department of Energy Office of Nuclear Physics, Stewardship

Science Academic Alliance of the National Nuclear Security Administration and the National Science Foundation.

WED-NP®-4 #179- Invited Talk- Wednesday 8:30 AM Trinity Central
Single-neutron levels near the N=82 shell gap
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P.D. O'Malley, S. D. Pain, E. PadillaRodaf, W. A. Petery S. T. Pittman D. C. Radford A. RatkiewicZ,

K. T. Schmitt, D. Shapird M. S. Smith
@pepartment oPhysics and Astronomy, Rutgers University, Piscataway NJ 08854, United States
@Department of Physics, Tennessee Technological University, Cookeville TN 38505, United States
®Physics Division, University of Tennessee, Knoxville TN 37996, United States
®JIHIR, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States
®Pphysics Division, Oak Ridge National Laboratory, Oak Ridge TN 37831, United States
©Physics Department, Colorado School of Mines, Golden CO 80401, United States
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Nuclei with afew nucleons beyond shell closures are important in understanding the evolution epaitigle
structure, which is critical to the benchmarking of nuclear models. With radioactive ion beams, studies near the double shell
closure!®sn have been madessible. While the singlaeutron states it¥°Sn with N=83 have recently been verified to be
highly pure [1], it is important to study further from the N=82 closkell. The (d,p) reaction was measured with the
radioactive ion beams 0t°Sn and"?®Sn ininverse kinematics at the Holifield Radioactive lon Beam Facility (HRIBF) at
Oak Ridge National Laboratory, utilizing the SuperORRUBA silicon detector array. Angular distributions of reaction
protons were measured for several staté§'8n and'*°Sn inorder to determine angular momentum transfers and deduce
spectroscopic factorsSuch i nf ormation is critical f osroeessbrdfol ati ng di
constraining shell model parameters in the A=130 region.
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