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Welcome

On behalf of thelocal organizing committee, it is our pleasure to welcome you to th&?22
InternationalConference oion Beam Analysi3wentytwo IBA conferences and 42 years since
the first one has been organized in 1973 is by itself quite a success. And in spite of that long
time period, the IBA flag representing all the countries that previously orgdnihis
conference is just like new. Fortunately this also applies to the &€ldur research, showing

how ion beams are still a unique tool in many different application areas from materials to
biomedicine, from environment to cultural heritage and others.

This 22" IBA conference is being organized® w dzS S NJ . 2 Othe2lédest redeafch (i A (0 d
institute in Croatiathat celebrates this year its &5anniversary Organization would not be
possible without generous suppog from the Croatian Ministry of Science, Education and

Soorts, International Atomic Energy Agen@nd from many sponsors and exhibitors.

In the past he content of the IBA conferences opened an enormous market for users of ion
beam accelerators and associated analysis technigéth more than 230 participantsiBA
2015is on agood track to continue to do so. This year we have acceptede than 330
abstracts from 42 countries, which will be presented in 22 oral and 2 poster sessions. We are
grateful to welcome 6 plenary and 11 invited speakers as well. Scientific sessiotvesilall
important aspects of the ion beam analysis, from fundamentals ofsaia interactions,
computer programs and simulations, new experimental developments and applications of IBA
in different research areas. Conference includes also micro andpmabes, accelerator mass
spectrometry, complementary technigues as well as related materials modification sulfpects.
Monday, after Poster session 1, a panel organized by the IAEA on lon Beam Techniques
Roadmap will be held?eer reviewed papers of thegsentations given at the conference will

be traditionally published in a special volume of Nuclear Instruments and Methods in Physics
Research BFor the second time, witlthe help from Elsevier, prizes for the best manuscript
written by doctoral studentsand young scientists will be awardeatlring the conference
banquet

IBA 2015 will be heloh Opatija, one of the oldest tourist resorts on the Croatian Adriatic coast.
Built mainly at the turn of the ZBcentury with welimaintained public gardens, tHéuminated
12-km-long coastal promenade known as the "Lungomaf@atija has remained in complete
harmony with nature until the present dayso we believe that you will enjoy your stay not only
because of the rich scientific prograifhe social programwill include conference outing to the
Istrian peninsula where visit tdhe charminglittle town of Motovun, views at the Roman
monuments in Pula and tasting local food will be an excellent opportunity to spend enjoyable
moments with colleagues and friendSome of them weéhave met alreadyon previous IBA
conferencessomeof them we will meet for the first time here in Opatija.

Finally, we hope that you will enjoy the conference and all that Opatija can offer.
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Locatiors¢ map

All sessions will be held in the Congress eertamaris. Plenary talks, invited talks and
contributed talks will be held in the Orhideja halh the first floor and Mimoa Il hallon the
second floorFor more details ples see the Scientific Programhe poster sessions and coffee
breaks will be held in the Mimaz | and Ill halls together with industrial exhibition. The
conference registration will be located in front of the Orhideja hall.

* _ CONGRESS CENTRE TAMARIS
Ground floor: Lavanda I, Lavanda 11,
Lavanda 111, Business centre
1% floor: Orhideja hall
2" floor: Mimoza 1, Mimoza 11, Mimoza 11t

1. Grand Hotel 4 opatijska cvijeta™"*
2. Hotel Royal****

3. Hotel Continental****

4. Hotel Agava™™**




Exhibitors and Sponsors

The exhibitors and sponsom@re very important part of every scientific conferendéot only

that through the exhibition scientist get acquainted withthe latest achievementsn the
equipment and instrumentation,his support enableslsothe cost of the rgistration to be

kept to a minimum and provides additional support for the conference events, students and
other activities. We are truly grateful to tHellowing sponsorsand exhibitors
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The largest and most diverse manufacturer of particle accelerators

HV HIGH VOLTAGE ENGINEERING EUROPA B.V.

Products
HVE designs, manufacturers, sells and markats ion beam technology based equipment for the
sciantific, educational and industrial research communities. The major product lines are:

lon Accelerator Systems

= Air insulated accelerators up to 500 KV

=  Singletron single ended accelerators up to 6.0 MVITV
= Tandetron tandem accelerators up to 6.0 MWITV

Research len Implanters
=  Beamn enaergies 10 - 60 MaV and higher
=  Beamn powers up to 25 KW

Systems for lon Beam Analysis
=  Rutherord Backscattering Spectrascopy {RBS)

= Particle Induced X-ray Emission {PIXE}
= Muclear Reaction Analysis {MRA)
= Elastic Recoil Detection {ERDY

Madium Energy lonscattering Spectroscopy (MEIS)

Accelerator Mass Spectrometers
3H, TBa, 10Be, 14C, 26A1, 325i, 36CI, 41Ca, 53Mn, 795a, 1291, 236U elc.
analysis for usa in
= Archealogy
=  Deceanography
=  Geosciances
= Material sciences
Biomedicine
Etc.

Systems for Micro-beam applications
= Tandetron and Singletron based systems

Neutron Generator Systems
= D and Pulsed Beam Systems

Electron Accelerator Systems
=  Singletron electron accelerators up to 6.0 MWITWY

Components
lon and electron accalerator tubes, ion and electron sources,
beam handling & maonitoring equipmant, efc.

MORE High Veltage Engineering Europa B.V.
ENERGY P.0. Box 99, 3800 AB Amersfoor, The Metharands
FOR Phona: +31-33-4619741. Fax +31-13-4615281
RESEARCH info@highvoleng.com s www.highvollang.com




Redefining the Boundaries of
Conventional Materials Research

Accurately create and characterize devices at the nanoscale

FEI's Helios NanoLab™ G3 DualBeam™
SEM/FIB characterizes samples at the
nanoscale with clearest contrast, even
when they are beam sensitive or non-
conductive, and delivers the fastest,
most accurate milling and deposition
for prototyping and sample preparation
applications.

Learn more at FEl.com/Helios-G3

» Reveal the finest detail: Rapid access

to sub-nanometer detail, even from
difficult materials.

= Fast, accurate fabrication: Create

complex functional 3D prototype
devices in the shortest amount of time.,

» |Increase productivity: Prepare the

highest quality ultra-thin samples for
HR S/TEM or atom probe.

“*FEI
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Oral Presentations

Fenary talks a& 45 minutes long (380 minutes presentation and 510 minutes discussion)
and invited talks are 30 minut long (25 minute presentation and 5 minutes discgisn).
Contributed talks a 20 minutes long (327 minutes presentation and & minutes discussion).
All the talks should beaccompanied byowerPoint orPDFslides We will transfer the talk to
the conference computer.

Projection Capability

Lecture Hills Orhideja and Mimoza Il will be equipped with a PC and LCD projection system. The
PC will accept USB drives and will have Microsoft PowerPoint and Adobe Reader. You must
have your presentation loaded before the start of your session.

Poster Displays

The size allocated fgpostersis 90 cm (width)y 110 cm ength). There will be two poster
sessionsthe first one willbe held onMonday from 15:30 to 17:30 andhe secondone on
Tuesday from 15:40 to 17:4®oster presenters should be available aithdisplayduring this
time. Posters should bset upin the morningof the presenting dayand taken down af0:00
the same dayPlease display your poster in the slot assigned with nounber. Please contact
the conference registration deskyou needassistance.

Awardssponsored bythe Croatian Center of Exdehce for Advanced Materials arfsensors
(CEMS) and IGNOFfor the best student posterwill be presented during the conference
banquet. Representatives of CEMS, KORFand IBA International Adsory Committee will
reviewstudentposters during the poster sessions.

Conference Proceedings

The IBA 2015 conferengaroceedingswill be published as apecialvolume of the journal
GbdzOf SFNJ LyadNHzySyida FyR aSiK2RaAYRY! i 8Y&é a
submitted papers must be clearly written in excellent English and contain only original work,
which has not been published by or is currently under review for any other journal or
conference.

All manuscripts and any supplementary mateisalould besubmitted throughthe Elsevier

Editorial System (EE®apers will be reviewed to the same standards astlh@ regular NIMB

LI LISNE® tfSHasS 02yidl Ov@ilb.@)lfor otRed publivagod refatedw | R 2
guestions.

Internet Access

Free internet access is available in the entire hotel and congresercent
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http://ees.elsevier.com/nimb_proceedings/default.asp
http://ees.elsevier.com/nimb_proceedings/default.asp
mailto:iva@irb.hr

Registration and Welcome Reception

Registration will be open on Sundigm 14:00 to 18:00and at 8:00for other conference days
The welcome reception will be held front of the Hotel Royabn Sunday, June 14, from 18:00
to 21:0Q

Morning and Afternoon Breaks

Morning and afternoon breaks with refreshments will beld on the scond floor in the
Congress cest Tamaris Mimoza | and 11l HaNgithinthe poster and exhibition area.

Luncles

Lunches will be provided in the Restaurant Camelasiand Hotel 4 Opatijska cvijetan
Monday, Tuesday and Thursd&@n Wednesday, luncill be provided during the conference
outing.Lunches are included in the conference fee.

International Committee Meeting

A meeting of thdBAInternational AdvisoryCommittee will be held on Tuesday, Jutt; after
the poster session. The meeting ik held in the Antica Ostaria de Ugo, Hotel Gantal at
19:00.

Conference Outing

The Conference outing will be held on Wednesday, June 17 starting from 11:00. Lunch packages
will be provided for all participants. The outing will start by visiting dwan. At Motovun, IBA
participants will have a tour around the old town, each group with tloewn guides. A short

break after the tourwill be givenfor a drink at thecentral square or to chec&everal small

stores with Istrian delicacieshich are locted at the city gates

Then we will visit Pulahe town situded at the southern tip othe Istrian peninsula. The rich
itinerary of its three thousand year old history, begins and ends withRbman amphitheatre

While strolling through Pul&ola you will come across numerous monuments of Roman

F NOKAGSOGdZNBY GKS ¢NAdzYLIKEFE ! NOK 2F GKS { SNHA
Gates, the Temple of Augustus, Arena and Small Roman €headtre town cengr. At the end

of the Istrian tour, IBA participants will have the opportunity to try a selectiotraxditional

Istrian specialitiegn a small village neathe city of Rovinj.

Additional excursion pions are available on requestPlease contact the conference
registration desk for more information.

13


http://en.wikipedia.org/wiki/Pula_Arena
http://www.dreamistria.com/food-istria-5-delicious-specialities/
http://www.dreamistria.com/food-istria-5-delicious-specialities/

Conference Banquet

The conference banquet will be held in the Hotel Royal Ballroom on Thursday, Jun&dl@0at
Banquet is included in the conference fee. We would like to thank High Voltage Engineering
Europa B.V. for sponsoring this great event.

Other Detalls

We kindlyaskparticipants tostick closely to theallocatedduration of oral presentation antb

the scheduling for posters. This is particularly important as we have a relatively high attendance
and adensely packegrogram. Please wear your conference badge at all times. We have made
special arrangements regarding lunch and refreshments, and lyadge needs to be visible at
these venuesThe Local organizing committee will be pleased to help and advise on travel,
touring and other arrangements, or on any problem.

Meeting Questions

If you have any questionglease contactt y | ok &gofe fom the local organizing
committee. Here are some cell phone numbers that may be useful:

Ly | savidest®b.hr+385 98 480 671

L@l . 23R yiza@kboh 4885 BRIZOA1685
aAift | 2,awa@ird.ir3-385 98 1710 330

{ G285 LI 2sfatnic@ifbyirk385 99 317866
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22" International Conference on lon Beam Analysis (IBA 2015) program

Congress centre Tamaris, Grand Hotel 4 opatijska cvijeta, Opatija

Sunday, June 14, 2015

14:00¢ 18:00

Registration¢ Congress centre Tamaris

18:00¢ 21:00

IBA 2015 Welcome reception in front of the Hotel Royal

Monday, June 15, 2015

8:00¢ 16:00 Registrationg Congress centre Tamaris
8:10¢ 8:30 Opening remarks andlelcome address
L@JF . 23Rl yREBAM0615 ehairR2 JA 6
¢ 2YS [|RBIDideitdr General
lan Vickridge; chair of the IBA International Advisory Committee
Session 1: Plenary session 1 (Orhideja Hall)
/| KFANY L@ . 23RIFIYy20A06 wlR2OA06
8:30¢ 9:15 PL-1 Marek Rubel, KTHRoyal Institute of Technology, Stockholm, Sweden
"The Role and Application of lon Beam Analysis for Studies of Pkerimay
Components in Controlled Fusion Devices
9:15¢ 10:00 PL2 Andre Vantomme, KU Leuven, Belgium,
060 years of iorrhanneling in materials sciengavhere do we go nexg?
10:00¢ 10:30 | Coffee break (Mimoza | and Il Halls)
Session 2: Cross sections Session 3: Channeling
(Orhideja Hall) (Mimoza Il Hall)
Chair: Matej Mayer Chair: Andre Vantomme
10:30¢ 11:00 | I-1 Akx Gurbich, IPPE, Obninsk, I-2 Debdulal Kabiraj, Inter University
Russia, Accelerator Centre, India,
dSigmacCalc recent development an| 6Study on dependence of structural
present status of the evaluated evolution on $sensitivityof
crosssections for IBA semiconductors by-8&B$
11:0011:20 O-1 WeiKan Chu, University of O-4 Daniel J. Silva, IFIMUP and IN
Houston, USA, Institute of Nanoscience and
Gaz2dli @a wdzi KS NJF| Nanotechnology, Universidade do
WaveParticle Duality of MeV Porto, Portugal, and KU Leuven,
Carbon, and Boron lon Scattering | Belgium
from Thin Graphite Fail oDrawing the geometry of 3d
transition metalg boron pairs in
silicon by means of electron emissig
channeling experimenés
11:2011:40 O-2 Michael Kokkoris, Nainal O-5Wenjie Yang, Australian Nation:
Technical University of Athens, University, Australia,
Greece, OGAtom location and ion damage
OA Review on Benchmarking of studies of gold hyperdoped silicon v
Proton Elastic Scattering ion implantation followed by pulsed

Implementation in the cases 8%'Si, | laser melting
19F,natB and”atOé
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11:4012:00 O-3 Paraskevi Dimitriou, O-6 Barney L. Doyle, Sandia Nation
International Atomic Energy Agency Laboratories, USA,
Austria, GL2Y [/ KIyyStAy3
AAEA CRP on Development of a
Reference Database for Particle
Induced Gammaay Emis®n (PIGE)
spectroscopy
12:00¢ 13:30 | Lunch Restaurant Camellia, Grand Hotel 4 opatijska cvijeta)
Session 4. Secondary lon Mass Session 5: Art and Archeometry
Spectrometryg from keV to MeV (Mimoza Il Hall)
(Orhideja Hall) | KFANY ¢A3Il ~YAd
Chair: Roger Webb
13:3014:00 I-3 Kenji Kimura, Kyoto University, | I-4 Thomas Calligaro, Ceatfor
Kyoto, Japan, Research and Restoration of the
dgTransmission secondary ion mass| Museums of France, Paris, France,
spectrometry using 5 MeVsgionst | don beam analysis of light element;
in cultural heritage materiafs
14:0014:20 O-7 Sofia Gorondy Novak, CEA, O-10 Chris Jeynes, University of
France, Surrey, UK,
a |-HRDA versus SIMS to study 0Glass deterioration mechanisms
helium profiling in pure bcc metaa ¢ using TotalBA of Rosslyn glass
14:2014:40 O-8 Toshio Seki, University of Kyotq O-11 Dubravka JembriaSimdN NA §
Japan, Academy of Fine Arts, Austria,
G! YOASY G ! yI f &aA|dMeV SIMSa tool to study modern
withWet{ L a { ¢ paint materials and their stabili¢y
14:4015:00 0O-12 CarolineCzelusniakNFN
Sezione di Firenzdtaly,
oDevelopment of the timeesolved
ion beam luminescence technique
and itsapplication to the provenance
studies of lapis lazudli
15:00¢ 15:30 | Coffee break (Mimoza | and Il Halls)
15:30¢ 17:30 | Poster Session 1 (Mimoza | & 11l Halls)
17:30¢ 19:00 | IAEA Panel on lon Beam Techniques Roadmap (Orhideja Hall)

Panel ceordinator: Aliz SimonlAEAPanel MembersNuno Pessoa Barradg
Massimo ChiarDavid Cohenlan VickridgeRoger Webb

17



Tuesday, June 16, 2015

8:00¢ 16:00 Registrationg Congress centre Tamaris
Session 6: Plenary session 2 (Orhideja Hall)
Chair: StiepkoFT A Y A 8
8:30¢ 9:15 PL-3 Hans Arno Synal, ETH Zurich, Switzerland,
oProgress in Accelerator Mass Spectrométry
9:15¢ 10:00 PL-4 Jiro Matsuo, Kyoto University, Kyoto, Japan,
dSecondary lon Mass Spectrometric Analysis of Soft Materials
Current Chainges and Future Applicatiohs
10:00¢ 10:30 | Coffee break (Mimoza | and 11l Halls)
Session 7: Imaging with keV ions | Session 8Environmental and Earth
(Orhideja Hall) Applications
Chair: Barney Doyle (Mimoza Il Hall)
Chair: Massimo Chiari
10:30¢ 11:00 | I-5 Gregor Hlawacek, Helmholtz I-6 Silvia NavaNFN, University of
Zentrum DresdefRossendorf, Florence, Italy,
Germany, OState of the art of IBA analysis of
dMaterials analysis using channelin( high ime resolution aerosol
and ionoluminescence in a helium | sampleg
ion microscopé
11:00¢ 11:20 | O-13Patrick Philipp, Advanced O-16 Keizdshi, Tohoku University,
Instrumentation for lon Nano Japan,
Analytics (AINA), Luxembourg, oApplication of micreon-beam
OSIMS on FIB instruments: a power| analysis to investigate the
tool for highresolution high distribution of Cs in silt particles for
sensitivity analytics at the nano environmental remediation of
scale Fukushima
11:20¢ 11:40 | O-14Rene HellerHelmholtz O-17 Guy TerwagnéJniversity of
Zentrum DresdefRossendorf, Namur, Belgium
Germany, G! LILIX AOIF GAz2zYy 27F
don Beam Analysis in the Helium Iq and paleontology
aAONR&O2LISE
11:40¢ 12:00 | O-15Ernst Jan Vesseur, FEl, 018 Mohamad Roumie,
"Applications and benefits of a Xe | Accelerator Laboratory, Lebanese
plasma FIEBEM' Atomic Energy Commission, Nation
Council for Scientific Research,
Beirut, Lebanon,
OEvaluation and mapping of PM2.5
atmospheric aerosols in Arasia regi
using PIXE and gravimetric
measurements
12:00¢ 13:30 | Lunch Restaurant Camellia, Grand Hotel 4 opatijska cvijeta)
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Session 9Experimental
developments and novel IBA
techniques (Orhideja Hall)
Chair:Theva Thevuthasan

Session 10: Stopping and Stragglin
(Mimoza Il Hall)
Chair: Nuno Barradas

13:30¢13:50 | O19t I G NA O1 wS A OK || O-24 Peter SigmundJniversity of
Bundeswehr, Germany, Southern Denmark, Denmark,
dncreased Accuracy and Sensitivity &Structure in the velocity
in Hydrogen Analysis dependence of heavipn energyloss
stragginge
13:5014:10 O-20Hao Shen, Institute of Modern| O-25David N Jamieson, University
Physics, China, Melbourne, Australia,
oDevelopments and applications of | dDirect imaging of straggled ions fo
nuclear microprobes in Chiaa top-down fabricaton of Si:P qubits
dzaAy 3 FG2Y LINRO6S
14:1014:30 O-21 Jaakko Julin, University of O-26 Moni Behar, Federal University
wWe gN&ail et N~ CAYyf I|ofRioGrande do Sul, Brazil,
0Advanced pulse processing for dStopping power study dfl and He
Timeof-Flight ERD in Hydropaxyapatite films: A study
with implications in iofbeam
therapye
14:3014:50 0O-22Tilo Reinert, University of Nortl O-27 Pedro GrandgFederal
Texas, USA, University of Rio Grande do Sul,
dPerformance Tests of a Scalable | Brazil,
Multi-Detector Digital Spectrometer| dNeutralization and wake effects or
with Eight Channets the Coulomb explosion depth
profilinge
14:5015:10 0O-23 Martina SchultdBorchers, ETH| O-28 Abdelkader Guesmia, iThemb
Zurich, Switzerland, Labs, South Africa,
GwSOSy i LINE 3INSD A &| éEnergy loss straggling of Cu, Si, O
{La{ &aSddzLd I G 9 ¢|andC heavyions throughlSjthin
foils over a range of energies Q.6
MeV/n by Timeof-Flight
spectrometng
15:1015:40 Coffee break (Mimoza | and Il Halls)
15:4017:40 Poster Session 2 (Mimoza | and 11l Halls)
19:0022:00 IBA International Advisory Committee Meeting

(Antica Ostaria de Ugo, Hotel Continental)
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Wednesday, June 17, 2015

8:00¢ 16:00 Registrationg Congress centre Tamari
Session 11: Computer Simulations | Session 12: Modification and
and Analysis (Orhideja Hall) Damage (Mimoza Il Hall)
Chair: Kai Arstila Chair:Devesh Avashti
8:30¢ 9:00 I-7 Udo von Toussaint, MaRlanck |Ooo [ A2y St ¢K2YS
(Orhideja) L vy & i A (asinaphysik, &rehing, | CEA Saclay France,
Germany, G/ 2YOAYlGA2Yy 27
8:409:00 “Modern data analysis techniques f{ techniques for the investigation of
(Mimoza Il) ion beam analysis the SNEEL phenomenon in{on
irradiated materiad €
9:00¢ 9:20 O29¢ Al 32 Co { Af @I O34Pnhilipp Ernst, University of
da Universidade de Sao Paulo, Bra] DuisburgEssen, Germany,
OMultiSIMNRA: a computational too| 6Graphene tdGraphane Transition
for selfconsistent ion beam analysig Induced by Highly Charged lon
using SIMNRA Irradiatiore
9:20¢ 9:40 O-30Micaela Fonseca, LIBPhys, O-35 Ettore Vittone, University fo
Caparica, Portugal, Torino, Italy,
OERYAProfiling: a code for depth | GA new protocol to evaluate the
profiling of light elements in charge collection efficiency
inhomogeneous samples by PEGE | degradation in semiconductor
devices induced by MeV ion beam
irradiation¢
9:40¢10:00 |O31CNJI yoe2 A a { OKA § 0O36Javier Garcihopez, University
' YABSNBAGS RS a 2| of Sevilla, Spain,
OdSpectrum simulation of ragh and | 6A modified driftdiffusion model for
nanostructured targets from their 2[ evaluating the carrier lifetimes in
and 3D image by Monte Carlo radiationrdamaged semiconductor
method<s detectorg
10:00¢10:20 |OoH al NAZ2I 2 NBE 2| 037Gyorgy Vizkelethy, Sandia
Rijeka, Croatia, National Laboratories, USA,
a + L-Lab 4.0: Computer program | éDetermination of recomimation
for Simulation and Quantitative radius in Si for Binary Collision
analysis of PIXE, XRF and RBS Approximation (BCA) codes
Spectra
11:00¢ 22:00 | Conference outing Istria tour ¢ Motovun & Pula guided tour
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Thursday, June 18, 2015

Session 13: Plenary session 3 (Orhideja Hall)
WI 1 OA &

/| KFANXY aAif 2

8:30¢ 9:15

PL-5 Peter Bauer, Johannes Kepler University, Linz, Austria,
"Quantitative Low Energy lon Scatterimgccomplishments and challendes

9:15¢ 10:00

PL-6 Lyudmila Goncharova, University of Western Ontario, London, Cang
"Highresolution ion depth préling: beyond higkk material$

10:00¢ 10:30

Coffee breaKkMimoza | and Il Halls)

Session 14: Microprobe and
Nanoprobe Analysis
(Orhideja Hall)

Chair: Lucile Beck

Session 15: MEIS, LEIS
(Mimoza Il Hall)
Chair: Lyudmila Goncharova

10:30¢ 11:00

I-8 Andrew Bettiol NUS, Singapore,
dSuperresolution imaging with
focused MeV ions: Fluorescence ar
Structural imaging

I-9 Denis Jalabert CEA/INAC,
Grenoble, France,

OMEIS analysis at the nanoscale,
advantages/disadvantages versus )
Rays and TEM

11:00¢11:20

0O-38 Pablo Jobim, Fedral University
of Rio Grande do Sul, Brazil,
Elemental signature of memory reci

O-41 Sahar Mirzaei, ANU, Australia,
dStructural properties of SiGe
nanoparticles in LPCVRINGE

11:20¢ 11:40

0O-39 Claire Pacheco, ftee de
Recherche et de Restauration des
Musees de France, France,
Ge2ol NRa w. { k9. {
AGLAE facility: a new implement to
apprehend Cultural Heritage
YFEGSNRFf &¢

O-42Victor AlarcorDiez, Sorbonne
' YABSNBAGSEaSE !''ta
France,

ABA analysis of Irordoped BiSe
topological insulatat

11:40¢ 12:00

onn L@F . 20A6S3A
Croatia,

G/ LI oAtAGASEA 27
resolution Xray spectrometer at the
A2Y YAONRLINROSE

O-43Thomas Grehl, IGNNOF GmbH,
aNyaidSNE DSNXI ye
OTRBS modelling of LEIS speetra
fundamentals and applicatioas

12:00¢ 13:30

Lunch(Restaurant Camellia, Grand Hotel 4 opatijska cvijeta)

Session 16: New detectors
(Orhideja Hall)
Chair: Gyorgy Vizkelethy

Session 17: Molecular and chemicq
imaging (Mimoza Il Hall)
Chair: Andrew Bettiol

13:30¢ 14:00

I-10 Timo Sajavaara, Wrersity of
we gNalet NI CAyfl
OPIXE using large area transition
edge sensor array

I-11 Katarina Voged A { dzO> !
of Ljubljana, Slovenia,
oComplementing Xay and MS base
techniques in studies of trace
elements in biological systems

14:00¢ 14:20

O-44 Tomihiro Kamiya , Japan Atorm
Energy Agency , Japan,

0Study of diamond membrane
detector aiming at highbgfficient
and positionsensitive particle

detection for ion beam applicatiogs

ont “%RN} @12 {A1S
Institute, ZagrebCroatiag

G{dzo YAONRY Y2t SO
cells by combined use of MeV SIMS
and STIM
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Session 18: lon induced luminiscen
(Mimoza Il Hall)
Chair: Andrew Bettiol

14:20¢ 14:40 | O-45Daniel Spemann, University off O-48 Zhaohong Mi, CIBA, NUS,
Leipzig, Germany, Singapore,
dConcept of singleon detector for dLanthanidedoped nanocrystals as
deterministic ion implantation at the| bio-probes for ion beam induced
nanoscalé fluorescence imagirg
14:40¢ 15:00 | O-46Jan Pallon, University of Lund,| O-49 Diana BachillePerea,
Sweden, Iy A @S NESud, SNRSANRPS A
dTechnology steps to fabricate a thi| France,
Silicon Carbide membrane based | donoluminescence as a sensor of t|
particle detectog defects creation and damage
kinetics: application to fused A f A
15:00¢ 15:30 | Coffee break (Mimoza | and Il Halls)
Session 19Materials science Session 20Energy Applications
(Orhideja Hall) (Mimoza Il Hall)
Chair:Pedro L. Grande /| KFANY ¢2y6A ¢IR
15:30¢ 15:50 | O-50Craig M. Comrie, University of| O-55 Elisabetta Carella, CIEMAT
Cape Town, South Africa, UNED, Spain,
O0RBSChannelling analysis into the | cDeuterium behavior in ceramics fol
effect of thermal annealing on GeS Cdza A 2 Y NESRSNJ
strained layer$ irradiation: a comparison beteen
different characterization
techniques
15:50¢ 16:10 | O-51 D.NdFaye, IPFN, University ol O-56 Yonggiang Wang, Los Alamos
Lisbon, Portugal, National Laboratory, USA,
dMechanisms of damage formation| dDeuterium Retention Studies in lor]
in AlGaN alloys implanted with Ar | Beam Damaged ¥
and Eu ions
16:10¢ 16:30 | O-52 Noriaki Toyoda, Unversity of | O-57 Eduardo Alves, IST,
Hyogo, Japan, Univesidade de Lisboa, Portugal,
GLaA2f L G§SR RSTS O drotal IBA a quantitative tool to
cluster ion impact and their use for | study plasma wall interactiogs
templates of carbon nanotube
ANR G OKE
16:30¢ 16:50 | O-53 Sergio Costa Miranda, KU O-9 Lucile Beck, JANNU&arkce,
Leuven, Belgium, oHydrogen behavior in materials
oRutherford backscattering study of| after single and tripldeam
bAot Gkt RODS ¥ 2 NJ| irradiations characterized by SIMS
YR xwl Yl Yy
16:50¢ 17:10 | O-54 Agenor Hentz, Instituto de O-59 Suntharampillai Thevuthasan,

CNAAOFZ ! YADSNAA
Grande do Sul, Brazil,

OStructural changes in qguantum dot
core-shell CdSe/ZnS by thermal

treatmentg

Qatar Environment and Energy
Research Institute, Qatar Foundatic
dn Situ NRA, RBS, XPS and UPS
Studies of Hydrogen Diffusion in Fi(
Single Crystads
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19:00¢ 22:00

Conferene banquetg Hotel Royal Ballroom

Julian Demarche, University of Surrey, Guilford; tkogperiodicity and the
SLIAAGSYAO ReylFYAOa 2F L2y .Sty |
Best Poster Awards

Best Manuscript Awards

adzZaAO0Y 5Ay2 ! yi2yAd 9 O yE8ORSax

Friday, June 19, 2015

Session 21: Facilities and Instrumentation (Orhideja Hall)
Chair:Hidde Brongersma

8:30¢ 8:50 O-60Nicolae C. Podaru, HVE, The Netherlands,
oRequirements on ion source performance for ion beam andlysis
8:50¢ 9:10 0O-61 Andreas Markwitz, GNS Science, New Zealand,
don beam analysis of advanced coating products and air particulate raat
9:10¢ 9:30 0O-62 Nemitala Added, University of Sao Paulo, Brazil,
oExternal milibeam imaging applications at LAMBE
9:30¢ 9:50 0O-63 Chaohui Lan, Institute of Fluid Physics, China Academy of Engine€
Physics, China,
don Component Diagnosis of Metal Hydride Cathode Vacuum Arc lon S
by Using an #Cavity Minitype Magnetic Mass Spectrometer
9:50 ¢ 10:20 | Coffee breaKMimoza | and Il Halls)
Session 22: Analysis of light elements by IBA (Orhideja Hall)
Chair: Michael Kokkoris
10:20¢ 10:40 | O-64 William A. Lanford, University at Albany, USA,
oNuclear Reaction Analysis for H, Li, Be, B, C, N, O and F with an RBS
Conpleteness Cheek
10:40¢ 11:00 | O-65Masahiro Saito, Toray Research Center, Shiga, Japan,
OGTOFERDA analysis on the effect of water for SEI formatioriamLi
batteries
11:00¢ 11:20 | O-66 Jacek Jagielski, Institute for Electronic Materials Technd\agignal
Centre for Nuclear Research, Poland,
Gl @RNR3ISY NBESFHaS FNRY ANNI RAFGS
Lyl fearac
11:20¢ 11:40 | O-67 Manfredo H. Tabacniks, Institute of Physics, University of Sao Pau
Brazil,
G. 2NRY |jdzF MGRT dBRYE2VY 2y AY SEY | yI
11:40¢ 12.00 | Closing remarks
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PL-1: The Role and Application of lon Beam Analysis for Studies of Plasatang Components
in Controlled Fusion Devices

M. Rubel(1), E. Alveg2), S. Brezinsdlg), J.P. Coa@d), M. Mayer(5), P. Peterssofl), A.
Widdowson(4) and JET Contributors**

EUROfusion Consortium, JET, Culham Science Centre, Abingdon, OX14 3DB, UK

1) Fusion Plasma Physics, Royal Institute of Technology (KTH), 1@@KiHo8h, Sweden

2) Instituto Superior $tnica Universidade de LisboB)49001 Lisboa, Portugal

3) InstitutT NNXM-H8zK K 9 Y SNHA ST 2 NAOKdzy 33 -p@Z N O Ky A DIKSy DNEINY |
4) CCFE, Culham Science Centre, Abingdon, OX14 3DB, UK

ByMaxPlanckL y & G A Gdzi FNNX fFavYlILKeaAl= ypnty DIFNDKAy3I:

First wall materials in controlled fusion devices undergo serious modification by several physical
and chemical processes arising from plagmall interactions. This includes material erosion,
transpot of eroded species in the plasma anddeposition leading to the formation of mixed
material layers. Detailed information is required for the assessment of: (i) material lifetime; (ii)
accumulation of hydrogen isotopes in wall materials, i.e. fuel inmsnt(iii) dust formation.
These issues are crucial for the economy and safety of reactor operation. As a consequence,
these are the driving forces for detailed study of plasimeing materials (PFM) and
components (PFC).

A large variety of materials reach methods are used to determine the morphology and
properties of wall components and probes retrieved from fusion devices after entire
experimental campaigns (plasma operation of up td 4D or shoriterm tests in order to
perform relevant experimentsand to obtain broad characterization of materials. lon beam
analysis techniques play a particularly prominent role here because of their isotope selectivity
in the lowZ range (410), high sensitivity and possible combination of several methods in a
singlerun.

The aim of the talk is to provide an overview of experimental procedures and results obtained

in the examination of materials from JET (the largest tokamak), TEXTOR and ASDEX Upgrade.
¢CKS LINBaSyidlFrdAz2y Aad aiNHzOGdNBRe 2SRYBAYRKES KBS
GK26é¢ GKS Iyl feégasSa IPiabascd NRANREBSRPIXE (giarlard adSmickaR f ¢
size beam) and HIERDA in fuel retention and material migration studies is presented. The use of
tracer techniques with rare isotopes.(e *°C, **N, *20) or marker layers on wall diagnostic
components is described. Development of equipment to enhance research capabilities and
issues in handling of contaminated materials are addressed.
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PL-2: 50 years of ion channeling in materials sciercwhere do we go next?

A. Vantomme

Inst. Kern en Stralingsfysica, KU Leuver3@01 Leuven, Belgium

When nuclear physicists started abandoning their small accelerators in the sixties, research
activities in ion beang solid interactions were boomingdmong others, it was discovered that
energetic charged particles can be steered through a single crystal over a long distance, without
undergoing any largangle scattering. This effect, wé&thown as (ion) channeling, was
computationally predicted by Raison and Oen, experimentally confirmed by 3 groups
independently and to a large extent theoretically explained by Lindgandmerely a couple of
years (19621965)! Since then, numerous variations of the channeling effect have been used
and even proven racial in a wide scala of materials science investigations. Any material
property which is related to (a deviation of) its crystallinity can be investigated with the same
RSLIKE StSYSyidltx Aa202LAO0OX NBaz2f dzi Acdyegl & (K¢
Rutherford backscattering spectrometry, partigsfeluced Xray emission, nuclear reaction
FylFfeaAaX Ly GKAa GFrf1z ¢S Attt RgeStt 2y |
along the strength of the ion channeling technique, even beydrdstandard use. These
include examples where ion beam analysis has been driven to its extremes, where the
experiment was performed in exotic conditions, or where fmamventional schemes or
approaches were useglincluding progress in the experimentaltag and in simulations of the
channeling effect. Moreover, we will reflect on the future of ion channeling during the decades
to come. In particular: what will the role of channeling be in a research era which largely
focuses on structures and propertias the nanometerscale? It is anticipated that channeling

will remain competitive with and complementary to other characterization techniques
providing (local) structural information, including synchrotio&ised approaches and statd-

the-art electron micoscopy.
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PL-3: Progress in Accelerator Mass Spectrometry

H-A. Synal

Laboratory of lon Beam PhysidsTH Zurich, Ott&ternWeg 5, 8093 ZurichSwitzerland

The technical evolution of Accelerator Mass Spectrometry (AMS) instrumentation over the last
ten years is summarized. A key characteristic of AMS is destruction of molecular interferences
and subsequent analyses of atomic ions. It makes the extreme abundance sensitivity possible
(in specific cases, below isotopic ratios of18). This can be reaed with instruments having
jdzAGS Y2RSa YlIaa NBaz2ftgAy3a LI2oSN oakka f Sas
molecular interferences are destroyed in multiple collisions with stripper gas atoms or
molecules, and a high yield atomic ions is reachteehargies of a few hundred keV. Thus, AMS
instruments develop towards lab size or tabletop devices. The use of He as stripper gas has
further improved performance with respect to overall detection efficiency and reproducibility

of measurement conditiondn parallel, implementation of permanent magnets into dedicated
radiocarbon AMS system is progressed. This reduces complexity of the instruments and
significantly reduces operation and installation costs. For radiocarbon, He stripping has
potential to further down size instruments and reduce the ion energy below 50 keV. | will
summarize the latest achievements. But, low energy AMS is not limited to radiocarbon only and
there is a great potential fof°Be, 2°Al, 9 and actinides measurements at compact AMS
systems. These developments have launched the wide spread use of AMS in various research
fields and has resulted in a boom of new AMS facilities. The related impact to the wide variety
of applications of AMS in modern research is not covered.
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PL4: Seondary lon Mass Spectrometric Analysis of Soft Materials
Current Challenges and Future Applications

J Matsuo (1,2)

(1) Quantum Science and Engineering Center, Kyotoetify, Uji, 6120011 Kyoto, Japan.
(2) SENTANJapan Science and Technology Agéd8y), Chiyoda, 10075 Tokyo, Japan.

Secondary particle emissiaimder ion irradiation provides unique opportunities fonaterial
analysis Secondary ion mass spectrometry (SIMS) is now widely uselénmental analysis of
semiconductors and metalChemical analysis ofoft materialssuch as polymersprganic
semiconductorsand biologicalmaterials,is now in strong demand because of the increasing
importanceof these materials in emerging technologieewly developedion beams, such as
clusterand swit heavy ions, areised for organie and bicSIM{1, 2]. These beams have higher
secondarymolecularion emission yields than conventionalonomer ionbeamsin the keV
energy in range because of their dense excitation duringn impact. h the last decack,
molecularimaging andmoleculardepth profilingtechniqueshave been developedor organic
materials, andbeams of smalinetal cluster ionsor large Arclusters ionsvith energyin the keV
rangeare now widelyused in commercial SIMSstruments.

We hae demonstratedthe technigque of molecular imagingith swift heavy ion beams (MeV
SIMS) in biological material analysis. In this methdaigh-energy ionacceleratoris combined
with an orthogonal acceleration timef-flight mass spectrometer (eioFMS)that uses quasi
continuous beams, enabling high mass(Q®00) andhigh lateral resolution (~Inm) with a
finely focusedbeam Furthermore,swift heavyion beams (>MeV) have a high transmission
capability in matter, which allows their use for analysisaétile samples such as liquidslidg
liquid interfaces andwet biological samples underambient pressure (00,000 Pa This
technique creates newossillitiesof ion beam analysis.

Currentchallengesand future applicationsof the SIMSechniquewith these new ion beams
will be discussed.

[1] J. Matsuo, S. Torii, K. Yamauchi, K. Wakamoto, M. Kusakari, S. Nakagawa, M. Fuijii, T. Aoki
and T. Seki, Applied Physics Express 7, 56602 (2014)

[2] J. Matsuo, S. Ninomiya, H. Yamada, K. Ichiki, Y. Wakamatsu, & .TH&eki, T. Aoki, Surf.
Interface Anal.42, 1612 (2010)
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PL-5: Quantitative Low Energy lon Scatteringccomplishments and challenges

P. Bauer

Institut f. Experimentalphysik, Atodzy R h o SNFf NOKSY LIK&aA|1 I W2KIyySa Y

Some fifty years ago the wedbktablished ion beam techniques were applied at keV energies
using noble gas ions and enhanced surface sensitivity was observed [1,2,3]. Very soon, Low
Energy lon Scattering (LEIS) developed to a widely used tool for araflysisicture and
composition of solid surfaces [4,5] and references therein. Two features contribute to the great
success of LEIS: first, its superb surface sensitivity and second, the fact that for most
applications the yield of ions back scattered fromeoatomic species is independent of the
other atoms present in the surface (absence of matrix effects), e.g. [6,7] and others.

Quantitative surface composition analysis is based on accurate knowledge of the differential
scattering cross sectiods/dW and the fraction of ions amongst the backscattered particles.
Due to the low ion energies involved, a realistic model is required for the influence of electronic
screening on nuclear scattering. For this purpose, the universal potential has been &hbe/n

a good choice as long as not too low ion energies are employed [8]. To apprehend why in
general LEIS is not sensitive to band structure effects requires understanding of the prevailing
charge exchange processesnainly Auger neutralization and reizzation in a close collision

[5]. Recently, it has been demonstrated that due to distinct neutralization efficiencies of
different allotropic forms of carbon [9] the concentration of organic carbon on graphene can be
quantified when an optimized setp isused [10].

Very recently, interesting LEIS applications to ultrathin subsurface layers were reported. To gain
quantitative information in this case one has to successfully handle additional processes:
electronic stopping and multiple scattering relatptbcesses such as deptiependent angular
spread and increase in path length, loss of the unique relationship between final energy and
scattering depth for a specific collision partner. It will be pointed out how to gain quantitative
information on electrmic stopping and how the influence of stopping and multiple scattering
can be handled by use of Monfearlo simulations [11].

[1] V. Walther and H. Hintenberger, Z. Naturforschg. 18a,¢8E3 (1963).

[2] S. Datz and C. Snoek, Phys. Rev. 134, A83% (1964).

[3] D.P. Smith, J. APpl. Phys. 38, 33@7 (1967).

on8 W&o hQ/2yy2N Ay { dzNF I @310,Widy VCH(ADRNFIIKOS { OA
Wandelt.

[5] H.H. Brongersma et al., Surface Science Reports 62 (2097063

[6] H.H. Brogersma and P.M.Mul, Chem. Phys. Lett. 14,3884 (1972).

[7] W. Heiland and E.Taglauer, J. Vac. Sci. Techn. §,6230(1972).

[8] D. Primetzhofer et al., Nucl. Instr.Meth. 269, 1291295 (2011).

[9] S.N. Mikhailov et al., Nucl. Instr. Meth. B30 ¢ 214 (1994).

[10] S. Prusa, LEIS Users meeting 2014, May 22, 2014, Enschede, Netherlands.
[11] P. Bruner et al., J. Vac. Sci. Techn. A33, 01AG¢PAA1227 (2015).
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PL6: Highresolution ion depth profiling: beyond higtk materials

L. Goncharva

Department of Physics and Astronomy, University of Western Ontario, London, Ontario, N6A 3K7
Canada

Progressive reduction of dimensions and introduction of novel materials in-38ub
semiconductor technology nodes demands continuous improvement gh-feisolution ion

depth profiling (HRDP). One of the challenges here is that electron transport properties of these
diverse materials are closely linked to the basic interactions at the interface. We will
demonstrate novel application of HRDP methods, udiclg medium energy ion scattering
(MEIS), low energy ion scattering (LEIS), nuclear reaction profiling (NRP) and secondary ion
mass spectrometry (SIMS) to highmetal gate, highmobility (IIFV) channel materials and
ultra-shallow junctions. We will presit the application of MEIS in combination with18
isotope labeling to follow oxygen migration in highmetal gate ultrathin stacks. Recently it

was established that deposition of an oxyggettering overlayers such as Ti on top of the high

k metal oxdle can result in reduction and even possibly elimination of the interfacial layer. Both
oxygen exchange and interfacial silicon oxides growth rates were examined as a function of
time, temperature, chemistry and crystallinity of dielectric layer. We findt tincorporation
oxygen is suppressed with addition of silica and nitrogen. Whereas presence of interstftials (O
OH) is responsible for the fast O incorporation at the interface and interfacial oxide growth. We
will also discuss application of complentary lowenergy ion scattering and timef-flight

SIMS surface analysis to determine (a) Higthin film growth mode for different deposition
techniques; (b) the feasibility of backside SIMS ol highmobility channel stacks to obtain

high depth reslution at the source/drain /HV interface.
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I-1: SigmaCalc recent development and present status of the evaluated esestons for IBA

A.F. Gurbicli1,2)

(1) Institute for Physics and Power Engineering, Bondaregka, Obninsk, 249032, Russia
(2) National Research Nuclear University MEPhI, Kashirskoe shosse 31, Moscow, 115409, Russia

The evaluation of the crossections for any particular reaction consists in the elaboration of
the most accurate possible cresections through incorporation of the all relevant
experimental data in the framework of nuclear physics theory. The SigmaCalc Web site was
developed as an interface to the evaluated crssstions in order to provide IBA practitioners
with an access to # evaluated data. Initially it was hosted by Surrey University, UK and then
by the IAEA while this was technically possible. After a devastating hacker attack in 2012 the
SigmaCalc site was shut down along with other nuclear data services located aEfhsdiver

and after a long period of outage it was moved first back to Surrey University and then to the
server of the Institute for Nuclear Power Engineering in Obninsk, Russia, where it is currently
hosted (http://sigmacalc.iate.obninsk.ru). In the new) 2ersion of SigmacCalc the results of the
evaluations performed during the SigmaCalc outage as well as the evaluations recently made
including the crossections for PIGE were added. Many corrections were made in the
previously evaluated crossections ftlowing a feedback from the SigmaCalc users and the
results of benchmarks, i.e. integral experiments which consisted of measurements of charged
particle spectra from well characterized uniform thick targets followed by standard simulations
using microscogi crosssections. The idea of benchmarking is to verify the validity of the data
for the purpose they are intended for through their use in a typical application. A database of
the available benchmarks was incorporated into SigmaCalc and a feature wdspbel/¢o
compare spectra simulated using the evaluated csmsions against benchmarks. In order to
provide users with possibility to compare evaluated differential csmsgions with the
available results of the crosection measurements the preseniam of the calculated cross
sections was modified to combine them with experimental data taken on the fly from IBANDL.
In the case of the data for PIGE there is also possibility to compare the evaluated data both with
experimental crossections and with Hick target yields, the evaluated cressctions being
converted into the thick target yield on the fly. Though a majority of most wanted cross
sections have already been evaluated there are still numerous gaps. Also the extension of the
evaluated crossections up on energy is vital in some cases. The work on the-sea$i®n
evaluation and SigmaCalc site development is in progress with the ultimate goal of making
SigmaCalc a versatile tool which will meet all needs of the IBA community in theseotisa

data.
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I-2: Study on dependence of structural evolution o &nsitivity of semiconductors by-BBS

D. Kabiraj (1)S. Hooda (1), S. Ojha (1), S. Mishra (2), A. Roy (2), D. Kanjilal (1)

(1) Interuniversity Accelerator Center, Aruna Asaf Ali Matgw Delhi, India, 110067
(2) Department of Physics, Indian Institute of Technology, Kharagpur, India, 721302

Studies of structural modification in GaAs, InP, Ge single crystal wafer irradiated by swift heavy
ions (SHI) and prdamaged Ge single crystal f@aon further irradiation with SHI are reported

in detail. The irradiation by 100 MeV Ag was performed at room temperature with ion fluence
ranging from 1& to 10" ions/cnf at beam current of 2 pnA. The damage evolution of
irradiated samples was stuell by Rutherford back scattering channelingR@S) technique. In

all the materials electronic energy loss)(8f 100 MeV Ag is approximately same, ranging
between 1614 keV/nm and nuclear energy loss)(88 approximately 0.1% ot.SNe observe
negligibe damage formation in single crystal GaAs [1] and Ge whereas InP undergo heavy
damage at higher fluences as detected BRBS measurement. Three sets of Ge samples with
subthreshold, at threshold and above threshold fluences of amorphization, as estinbgted

RBS were prepared by 100 keV Ar irradiation. After SHI irradiation of these samples, it is
observed that first set of samples (sthreshold amorphization) has undergone substantial
recrystallization whereas in the second set of samples recrystallizas restricted to the
region close to amorphou®-crystalline boundary. Apart from results ofRBS, Raman
spectroscopy, high resolution transmission electron microscopy (HRTEM) and associated Fast
Fourier transform (FFT) pattern studies confirm retaifization. In the case of heavily damaged
samples no change in amorphous phase is recorded. However, the instead swelling of the
sample is observed after Ag irradiation. The relative swelling is found to increase steadily with
increasing ion fluence up 2 & PmsN? and then to saturate at a maximum value of 20%
G KAIKSEG ¥iondzSn OHe reguls ane Bxplained on the basis of thermal spike
model.

[1] Shramana Mishra, Sudipta Bhaumik, Jaya Kumar Panda, Sunil Ojha, Achintya Dhar, D
Kabiraj, Anushree Roy. Nucl. Instr. Meth. Phys. Res. B 316 (2013) 192.
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I-3: Transmission secondary ion mass spectrometry using 5 MgMdDs

K. Nakajima (1), K. Nagano (1), K. Narumi (2), Y. Saitoh (2), K. Hikat&if@ura (1

(1) Department of Micro Engineering, Kyoto University, Kyoto-8340, Japan

(2) Takasaki Advanced Radiation Research Institute, Japan Atomic Energy Agency, 1233 Watdmpuki
Takasaki, Gumma 374292, Japan

(3) National Metrology Institute of JapaNational Institute of Advanced Industrial Science and
Technology, 41-1 Higashi, Tsukuba, Ibaraki 38565, Japan

There has been an increasing demand to extend accessible mass range in secondary ion mass
spectrometry (SIMS) particularly for biological dsdmedical molecular imaging. During the
pasttwo decades variouskindsof large clusters, such ag@ns, argon gas cluster ions, water
cluster ions,and metal cluster ions have been used as primary ions. It stesvnthat these
cluster ions enhanceneission of intact large molecular ions comparex monatomic ion
bombardment In SIMS, secondary ions emitted frensample in the backward direction with
respect to the direction ofa primary ionare generallymeasured. If a specimen of selt
supporting thin film is used, the secondary ions emitted in the forward direction upon
transmission of the primary iorenalso be measuredso far, there have been only few studies
about the transmission SIMBoussofianeBaudin et afound smallenhancement of seandary

ion yield in the forward direction compared to the backward directjdh The origin of the
enhancement was suggested to be the larger stopping power at the exit surface due to higher
charge states achieved during the passage.

In this presentatio, we demonstrate that large enhancement of the secondary ion yield of
intact biomolecules can be achieved by combining the cluster iBnBlgV Go) with the
transmission SIMS [2We measured secondary ions emitted in the forward directicom
phenylalanine amino acid films deposited @eltsupporting amorphousiN, films. We found
significant enhancement of the intact phenylalanine ion yield and large suppression of fragment
ions compaed to the backward directionThe origin of the observe@nhancemat and
suppressiomwill bediscussed ithe conference.

[1] K. BoussofianeBaudin, A. Brunelle, P. Chaurand, S. Endigra, J. Depauw, P. Hakansson

and Y.Le Beyec, Nucl. Instr. and Methods in Phys. Res. B, 88 (1994) 61.

[2] K. Nakajima, K. Nagano, Miz8ki, K. Narumi, Y. Saitoh, K. Hirata, and K. Kimura, Appl. Phys.
Lett. 104 (2014) 114103.
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I-4: lon beam analysis of light elements in cultural heritage materials

T. Calligard1,2)

(1)) SYiNB RS NBOKSNODKS Si RS NI 3 BaladaiildukrePofte do$ & Y dza S S
[A2y&as mn vdzZa A CNIlyee2ia aAlGiSNNYYRI tpnnm tFNREAEZ
(2) PSL Research University, Chimie ParisT&RS, Institut de Recherche Chimie Paris, UMR8247,

75005 Parisk-rance

IBA application to Art and Archeology is a vibrant innovating field. While PIXE remains the
predominant technique owing to an easy implementation in air, alternate ones such as BS,
ERDA and NRA exhibit attractive features, notably an uedvalbility to nondestructively
qguantify light elements. Elenmts from hydrogen to fluorine are often present in cultural
heritage materials where they play a key role; their direct determination is thus highly relevant.
While external beam implementation of NRA, EBS and ERDA is challenging, progress made over
yearspermits to carry them out at ambient pressure with a quality reaching that obtained in
vacuum. After a quick review of the IBA techniques suitable for the measurement of light
elements in heritage materials, this contribution focus on specific developmemdsresults
obtained with a small accelerator (less than 2 MV) and classical ion beams (excluding deuterons
and heavy ions), in the present case with the AGLAE facility of the C2RMF.

Hydrogen is the first and most important light element. It is implied hiydration and
weathering processes affecting, for instance, the surface of ancient glass. Concentration in
hydrogen can be determined using ERDA with He beams to provide insights on the preservation
state of historical objects and hydrogen depth profien be used as an authentication criterion

to detect fakes. Boron, a fluxing agent used in modern glassmaking was found to be also an
important tracer in Renaissance glazed ceramic; its measurement by PIGE allowed
discriminating between historical ceranpcoductions. Identification of organic matter usually
requires sampling for identification by @S or IRTF, but quantification of organic compounds

is particularly difficult. EBS permits to determine raestructively the absolute carbon content
which isvery useful, for example, in the estimation of the binder/pigment ratio in paintworks.
The dating of ancient bones by-18 AMS requires the presence of sufficient preserved
guantities of ancient collagen. Quantitative concentrations of nitrogen can beiraddausing

the reaction*b 6 h ¥QJo @uantify the presence of this amino acid, providing a quick and
non-destructive test before undertaking the dating of prehistoric bones.
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I-5: Materials analysis using channeling and ionoluminescence in aihelon microscope

G. Hlawacek

HeImhoIthentrum Dresdemg Rossendorf, Institute of lon Beam Physics and Materials Research,
b dzGT ySNI[FYRAGNIGS nnannX nmMoHy 5NBaRSy> DSNX¥YIlye

Helium ion Microscopyl] is a versatile microscopy technique that provides higholution
imaging and nanonachining in combination with a high surface sensitivity and large depth of
focus. It utilizes a narrow beam of Hens to achieve a lateral resolution of less than 0nB.
Backscattered Helium ions (BSHe) and secondary efec(iSE) can be used to obtain an image
of the specimen.

When using crystalline samples channeling of the particles can occur. This effect can be
exploited in several ways in the HIM. First of all it is possible to map out the different
channeling directios and intensities and thus obtain information on the crystal structure of the
sample. A simple geometrical model is introduced that can predict the channeling directions
and relative intensities observed in the H[R]. By exploiting channeling and makiage of the
dechanneling contrast thin surface layers can be made visible in SE as well BSH¢Im¥ges
used this to observe composition and structural changes inVl 2hin silver layer on Pt(111).
Work function differences as small as A@V betweenAg and Pt rich areas on the surface
reveal the position of monpb atomic surface steps. A regular arrangement of areas with
reduces the channeling probability reveals the surface reconstruction of thettddNL which

has a periodicity of only 5:8m.

lonoluminescence on the other hand allows to obtain information on defects in the bulk of the
material. | will show results obtained for a variety of materials including semiconduletprs
rare earth containing perovskites and ionic crystals. The types ottefecre identified and

the influence of the scanning conditions on the IL signal has been investigdtatfe used IL

to map out the interaction volume of the beam in NaCl, and demonstrate the possibility of
subsurface patterning. In our setup using a K8/ H& beam and NaCl only 3vac/rinare
needed to obtain a detectable IL sigfél.

[1] Hlawacek, G., Veligura, V., van Gastel, R. & Poelsema, B. Helium ion microscopy. J. Vac. Sci.
Technol. B Microelectron. Nanom. Struct. 32, 020801 (2014).

[2] Veligur, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. Channeling in
helium ion microscopy: Mapping of crystal orientation. Beilstein J. Nanotechnol. &G61

(2012).

[3] Hlawacek, G. et al. Imaging ultra thin layers with helium ionosaopy: Utilizing the

channeling contrast mechanism. Beilstein J. Nanotechnol. 338@7(2012).

[4] Veligura, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. Investigation of
ionoluminescence of semiconductor materials using heliommicroscopy. J. Lumin. 157, 821

326 (2015).

[5] Veligura, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. A high resolution
ionoluminescence study of defect creation and interaction. J. Phys. Condens. Matter 26, 165401
(2014).

[6] Vdigura, V. et al. Creation and physical aspects of luminescent patterns using helium ion
microscopy. J. Appl. Phys. 115, 183502 (2014).
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I-6: State of the art of IBA analysis of high time resolution aerosol samples

S. Nava (1)G. Calzolai (2), L. Carrardy, M. Chiari (1), M. Giannoni (1), F. Lucarelli (1)

(1) INFNFlorence and Department of Physics and Astronomy, University of Florence, via G. Sansone 1,
50019Sesto Fiorentino, Italy

(2) Department of Physics and Astronomy, University of Florenc&.\8ansone 1, 5004%esto

Fiorentino, Italy

Most environmental studies on particulate matter (PM) are based ch 84ta. However many

PM emissions as well as atmospheric transport and dilution processes may change within a few
hours. As a consequencée measurement of the PM composition with higher time resolution
gives a better insight on aerosol emission, transport and dilution processes, as well as a better
guantification of the human exposure. Furthermore, receptor models, which are used for the
aerosol source apportionment, need series of samples containing material from the same set of
sources in different proportions: increasing the time resolution provides samples that have
greater betweensample variability and this strongly enhance the cajpi@dsl of these
techniques. PM samplings with 1 h time resolution can be performed by the Streaker sampler
P9 Lydod /2NLIDOP 2AGK (GKAA& RSOAGQSHBn KBS0 | BNNRGRK
are simultaneously collected on two rotating substrata: this produces a circular continuous
RSLI2aAlGA2Y 2F ta 64aaiNBlF{1&é0 2y oboshdaks withial 3Sa o
properly collimated ion beam, which scans the deposit in steps corresponding to 1 h of aerosol
sampling, provides the aerosol composition with hourly time resolution. It is worth noting that
IBA techniques are unrivalled in the analydishis kind of samples, which cannot be analysed
chemical methods. At the 3 MV Tandetron accelerator of the LABEC laboratory aerosol Streaker
samples have been analysed by Particle Induceay>Emission (PIXE) since a long time, and the
external beam setip dedicated to these analysis has been continuously improved to increase
the measurement sensitivity and throughput (hourly time resolution studies produce a high
number of very low mass aerosol samples: 168 for stage for weak). The adopted stratagy is th
use of a quite high proton current (18D0 nA) and a twaletector system, optimized for o

and mediumhigh-Z elements, to balance for the different cross sections. Si(Li) detectors have
been replaced by SDDs, as they provide better resolution witdestocooling and can cope

with higher counting rates, and, recently the SDD used for medighZ elements has been
duplicated to double the statistics. The optimised setup, together with a convenient choice of
beam energy and suitable collecting subsirasllows obtaining good statistics in less then 1
min per thour sample. Particle Induced Gamirey Emission (PIGE) is also routinely used,
simultaneously with PIXE, to correct the underestimation of PIXE in quantifying the
concentration of the lightest etectable elements, like Na or Al, due tgay absorption inside
aerosol particles, while the use of elastic scattering for H, C, O and N detection in these samples
is still under development. A detailed description of the experimentalugetand of the
adopted measurement conditions will be given, together with some examples of application in
recent PM field campaigns.

39



I-7: Modern data analysis techniques for ion beam analysis

U. von Toussaint

MaxPlanckL y & G A G dzi FNNJ t f | & Y|, 83R48 &drchifg, Gegnbry | Y I Yy & G NI & a S

Many experimental methods in ion beam analysis have reached a very high standard with
respect to physics understanding and hardware capabilities and often further progress is
expected to be only incremental. An area which stillds the promise for significant progress

is, however, the optimized collection and improved analysis of the gathered data. Recent
developments in the handling of -plosed and/or undetermined problems based on sparse
regularization or fast inference metds still wait to be explored within the ielbeam
community. Several examples, mostly centered around -NRRAsurements will demonstrate

the potential of the new approaches to idream analysis.
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I-8: Superresolution imaging with focused MeV ions: Fluoresee and Structural imaging

A. Bettiol

Centre for lon Beam Applications, Department of Physics, National University of Singapore, Singapore
117542.

Imaging fluorescence generated by MeV ions in biological systems such as cells and tissue
sections requies a high resolution beam (< 100 nm), a sensitive detection system and a
fluorescent probe that has a high quantum efficiency and low bleaching rate. For cutting edge
applications in bioimaging, the fluorescence imaging technique needs to break the optical
diffraction limit allowing for sukeellular structure to be visualized, leading to a better
understanding of cellular function. In a nuclear microprobe this resolution requirement can be
readily achieved utilizing low beam current techniques such as Bwariransmission lon
Microscopy (STIM). In recent times, we have been able to extend this capability to fluorescence
imaging through the development of a new high efficiency fluorescence detection system. This
paper discusses the current staté-the-art in superresolution fluorescence microscopy using
focused MeV ion beams at the Centre for lon Beam Application (CIBA), NUS Singapore.
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[-9: MEIS analysis at the nanoscale, advantages/disadvantages verftsyX and TEM

D. Jalabert ()

(1) Univ. Grenol# Alpes, INAGP2M, LEMMA-$8000 Grenoble, France
(2) CEA, INASP2M, LEMMA 88000 Grenoble, France

Numerous analyzing methods have been successfully and widely employed in material sciences
in order to obtain chemical, elemental, morphological andustural information in bulk
materials as well as in layers of various thicknesses. The emergence, since the middle of the
80s, of nanoscience poses new questions for analysis techniques, including IBA, in terms of
spatial resolution and sensitivity. Théatlenge posed by the analysis of nanostructures is
different in each case. Rather than attempting to describe all the possible situations, | will focus
on the structural study of single crystal nanostructures.

GaN quantum dots deposited on (and embedd@) AIN give an interesting example of
structural analysis at the nanoscale. Indeed, the strain state of these quantum dots embedded
in a matrix is an important parameter which governs to some extent their optical properties.
The most usual wurtzite crystagraphic phase of these two materials exhibits both
piezoelectric and spontaneous polarization. Because of the elevated value of the piezoelectric
constants, a huge internal electric field is currently observed in nitride heterostructures. As a
consequene of the resulting quantum confined Stark effect, a strong red shift is induced,
leading to luminescent emission at energies smaller than the GaN gap value for dots higher
than 2.5 nm.

Amongst the different available techniques to measure strain, the Géoeaé Phase Analysis
(GPA) of HRTEM images, has the advantage to provide strain map of the nanoobject with, in
principle, an atomic resolution [1]. However, large strain fluctuations are observed in the strain
map along the c axis and, in addition, thepested vertical strain gradient is not visible on
these images. The comparison with the electron diffraction techniques, namely CBED and
NBED, will also be discussed.

An alternative possibility is the use ofray diffraction, in grazing incidence to enltanthe
contribution of the dots (and AIN capping) with respect to that of the substrate. More precisely,
by varying the scattering power of a selected element, for instance Ga, it is possible to localize
specifically GaN regions in reciprocal space. $hisel purpose of Multiwavelength Anomalous
Diffraction (MAD) measurements, which consists in recording the scattered intensity as a
function of the energy across the absorption edge of an element, namely Ga in the present
case. The position of the Ga siggmaaximum along the [1Q0] direction is directly related to

the average implane strain state and structure in the QDs [2]. The diffraction peak
corresponding to the GaN QDs is clearly due to the presence of-plane strain gradient
within the dots butalso to the finite lateral size of the dots (about #fn). Therefore, the
extraction of a strain profile is not straightforward and model dependent.

By contrast, Medium Energy lon Scattering (MEIS) can measure the deformation profile of
quantum dots witha depth resolution in the monolayer range [3]. Indeed, ion blocking reveals
the angular position of a nucleus with respect to the scattering center that can be directly
related to the outof-plane to inplane lattice parameters ratio. Of course, the ionalre spot

size is much larger than the dots and the MEIS measurement averages the strain profile over

42



| 6 2 dzii10° dots.PFrom this point of view, MEIS is similar teays techniques but the
contrary to Xrays, the depth strain profile along depth withinethdots can be accurately

measure and its dependence clearly appears comparing the profile of uncapped dots in figure
1(a) to the one of capped dots in figure 1(c). Another example of a MEIS structural analysis will

be given by the measurement of-plane and outof-LJ | yS Y2 al oOAGe 27
and the comparison with XRD results.
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FIG. 1.(left) Scheme of the scattering geometry in the Q) plane for MEIS experiments. (a)
Depth profile of the ratio c/a in one plane of uncapped GaN.Q@®sDepth profile of the ratio
c/a in one plane of GaN QDs capped with 20 MLs of AIN. Experiment performed Kabreree
Research Institute of Standards and Science, Daejeon (South Korea) [3].

[1] E. Sarigiannidou et al., Appl. Phys. Lett. 87 (2005) 20311
[2] J. Corauet al.,Phys. Rev. B 74 (2006) 195302
[3] D. Jalaberet al.,Phys. Rev. B 72 (2005) 115301
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[-10: PIXE using large area transitiedge sensor array

ad tlFft2allFNAZ ad YNeK]Il Z YO Y)\yydzyaésjﬁa: adLDd |
T. Sajavaara

5SLI NIYSyd 2F tKearoazr | yAGSNERAGE 2F We@NajetN:

In the field of PIXE the division between the usehaftwo detector types has for a long time
been clearmost commonlySi or Ge ased energy dispersive (ED) detwstareused when a
broad energy range and large solid angle are needed, and wavelength dispersive (WD)
detectors are used to obtain ultimate energy resolution. The limitations of the WD detectors
are the narrow energy rage and small solid angle.

Today energy dispersive transiti@ilge sensors (TES) have matured to the state that they are
used in number of applications, thanks to their superior energy resolution and sensitivity. Here
S LINBaSyild (RXE wsugMentsetdpNin whieH TES detector arrays are used
to detect Xrays in proton and heavy ion PIXE. The energy resolution of a TES detector, when
used in PIXE, is over an order of magnitude better comperadicon drift detectors (SD@)nd
comparable ¢ that of WD detectors. This makes it possible to recognize spectral lines in
materials analysis that have previously been impossible to resolve over large energy range (1.0
15 keV), and even obtain chemical information from the analyzed sample. Our A§@rsavith

total active area of 15.6 mfrare cooled to the operation temperature of about 65 mK.

Ly GKA& LI LISN §KS RSaradys St SOGNRByAOa FyR RI
described. The merits of the TES detector array in theyaigabf different materials research
problems from thin films to cultural heritage objects will be presented. The benefits and
shortcomings of the TES detector in comparison to WD and silicon drift detectors will be
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discussed.

Figure 1: The reference matal NIST SRM1157 (Tool steel) measured withkdBEEStOr in
vacuum using 2 MeV protons and with S8é&ector in air using 3 MeV protons.

[1] M.R.J. Palosaaet al., Journal of Low Temperature Physics 176 (2014) 285.
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I-11: Complementing Xay and MS basd techniques in studies of trace elements in biological
systems
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(1) Biotechnicalaculty, Dept. of biology, Jamnikarjeva 101, 1000 Ljubljana, Slovenia
(2) Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia

(3) Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia

(4) National Institute for Chemistry, Hajdrihova 19, 10ibljana, Slovenia

(5) University of Nova Gorica, Vipavska 13, 5000 Nova Gorica , Slovenia

(6) FOM Institute AMOLF, Science Park 104, 1098 XG Amsterdam, Netherlands

Trace elements are essential components of biological structures, but at the samehiaye t
can be toxic at concentrations beyond those necessary for their biological functions. In
addition, the toxicity can be extended to other nessential elements of very similar atomic
characteristics that can mimic the properties of a trace elementc@@ement malnutrition
FFFSOGa Y2NB GKIy KIEF 2F (GKS ¢2NI RQa LJ2 Lz |
traffic and extensive use of fertilizers have resulted in exceedingly high concentrations-of non
essential elements in food crops, posingks to human health. In order to be able to develop
and improve phyteechnologies that enable production of safe and quality food, knowledge on
the basic mechanisms involved in trace and {essential element uptake, transport,
accumulation and ligand efronment in plants is needed. Such studies are fuays supported

by highly sophisticated techniques (midPdXE, SRiicro-XRF, LACPMS, (micreXAS, TOBIMS

and MeVfSIMS) enabling imaging of element distribution and speciation in plant tissues and
cells with high spatial resolution and sensitivity, as well as imaging of organic molecules that
play a role in metal detoxification and are altered due to metal toxicity. Selected case studies of
metal distribution and speciation in selected model plant spgcachieved by interdisciplinary
work, will be presented.
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IAEA Panel on lon Beam Techniques Roadmap

Panel ceordinator:

Aliz Simon, International Atomic Energy Agency, Vienna International Centre, Vienna, Austria,
Aliz.Simon@iaea.org

Panel Members:
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Massimo Chiari, INFN Sezione di Firenze, Italy
David Cohen, ANSTRew lllawarra Rd, Menai, NSW, 2230, Australia

lan Vickridge, Institut des NanoSciences de PaRd|Cet CCNR, France

Roger Webb, Surrey lon Beam Centre, University of Surrey, Guildford, GU2 7XH, UK
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JulienDemarcheSurrey lon Beam Centre/K

lon Beam Techniques (IBTencompass a suite of analytical and modification techniques in
which energetic (0.1 to 100 MeV) beams of charged patrticles (Z=1, 2 and higher) are directed
onto a material to be analysed or modified. In analysis, the composition and in some cases
structure of the material are inferred from the nature of detected induced radiation: the type

of particle, and its probability distributions, as a function of incident beam energy and direction,
and detected particle energy and angle. IBTs have been used fob0weears now, and much

of the underlying physics, data, and machinery are considered to be mature.

Individual accelerators often find application across a broad range of disciplines and domains.
The underlying technology associated with megavolt aceses is thus common across many
fields of application, so that developments and evolution driven by one particular application
will feed through to other areas.

The aim of this Panel to discuss where further concerted research efforts are likely tamlead t
improved performance or new competitive IBTs, in view of the development dbmrBeam
Technigueskoadmap. Therpnmary Goals of the Roadmap are:

T ¢2 {1SSL) ! OOStSNIG2N) . AaSR L2y .SIY ¢S
SYRSI @2 dzNJ

¢2 AYLINROSE pFeLSAWEQAKI yOS 2F L. !

To show significant impact of IBTs on societal problems

To significantly increase human knowledge

To ensure transmission of competencies across generations

To promote internationally the adoption of Best Practice

= =4 4 4 A

The conference pécipants will have an opportunity to provide their feedback on the
technological developments during the conference, and also in the form of a questionnaire.
Please also visit théAEA Accelerator Knowledge Port&br more information on the IBT
Roadmapand provide your feedback even before/after the conference:
http://nucleus.iaea.org/sites/accelerators/Pages/default.aspx
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O-1: Mott vs Rutherford Scattering: Wawarticle Duality of MeV Carbon, and Boron lon
Scattering from Thin Graphite Foil

W.-K. Chu (1)Q.Y. Chen (2), K.B. Ma (deceased) (1)

(1) Department of Physics and Texas Center for Superconductivity at Univeksdysibn, Houston,
Texas 77204002, USA
(2) Dept. of Phys, SYS Univ, Taiwan, and Univ. of Houston, USA

In Rutherford scattering experiments, we always treat ions as particle where classical
mechanics such as conservation of energy and conservation ofemom during scattering
holds. Mott Scattering is a special case in which ion projectile is identical to the target atom
such as & scattered from &, and Quantum interference occurs due to the ambiguity of
scattered particle and the recoiled particles A consequence, angular dependence of the
particle yield is highly oscillatory, and this is recognized and documented before. It is interesting
to note that the de Broglie wavelength of MeV particle is extremely small. For example, 4 MeV
C?has a wavelegth of 8.3 fm, yet behaves like a wave while scattered frdfn C

In this talk, we will show experimental results df €C? scattering experiment vs'Bscattered

from graphite. One is understood by QM, while the other is purely classical. This szatter
experimental comparison demonstrates the waparticle duality of ion beam. We will draw
O2YLI NRazy 2F A2y o0SIY ¢ @S LINBPBLISNIASa gA0K
going thought a double slits. In the talk we will also propose futureegmpents to explore

more QM wave nature of ion beam.

O-2: A Review on Benchmarking of Proton Elastic Scatterilmgplementation in the cases of
natSi’19F1natB andnato

M. Kokkoris (1)M. Axiotis (2), KA. Kantre (1), A. Lagoyannis (2), V. PanetaA(1)
Stamatopoulos (1), R. Vlastou (1), K. Prek&igalas (2)

(1) Department of Physics, School of Applied Science and Mathematics, National Technical University of
Athens, Zografou Campus, 15780 Athens, Greece
(2) Tandem Accelerator Laboratory, INPESR 'Demokritos’, Aghia Paraskevi 15310, Athens, Greece

¢CKS AYLXSYSyllFidAz2zy 2F +ff L2y .SIFY !ylLfeara
on the accuracy of the available differential cross sections for the reactions involved.
Unfortunately, the existing experimentally determined differential cressction dataare in

many cases quite scarce and/or discrepant, thus their reliability is highly questionable. On the
other hand, the evaluated crosections, when available, are the most reliabiees to be used

in analytical studies, since they involve a critical assessment of the experimental datasets,
followed by a proper tuning of the corresponding nuclear model parameters. However, it is
important to point out that most of the evaluated datasesire still not adequately validated. A
carefully designed benchmarking experimental procedure (i.e. the validation of differential
crosssection data via the acquisition of thitkrget spectra followed by their simulation) is
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thus mandatory. Benchmarkingan also provide the necessary feedback for the adjustment of
the parameters of the nuclear model used in the evaluation process, and can help in assigning
realistic uncertainties to the cross sections. Moreover, in the absence of evaluated cross
sections it can indicate recommended experimental datasets.

Recently, a dedicated effort was made to thoroughly document this procedure [1], followed by
a technical meeting organized by IAEA. In the present review an attempt is made to present the
recommended #ps and to critically assess the problems of the benchmarking process in the
following cases:

(1) In"Si(p,p), for E=1.53.5 MeV, where channeling perturbations in crystalline wafers, if not
carefully treated, can seriously affect the accuracy of iieasurements, while the size of
the powder used in pressurized tablets can affect the shape of resonances in the
experimental thicktarget yield spectra,

(2) in **F(p,p) and "B(p,p), for E=1.52.5 MeV, where, for the removal of the important
underlyngh -particle backgroundDE/E telescopes have been implemented, and

(3) in"™O(p,p), for E=1.54 MeV, where target related effects (e.g. roughness) need to be
taken into account.

[1] V. Paneta, J. L. Colaux, A. F. Gurbich, C. Jeynes, M. Kokkorisstluahd Meth. B328
(2014), p. 17.

O-3: IAEA CRP on Development of a Reference Database for Pdritleed Gammaay
Emission (PIGE) spectroscopy

P. Dimitriou (1)H2 @ . SO{SNJ 0 HU0UZ Lo . 23RIYy20A06 wlR20A0
Kaluee (6), A.Z. Kiss (7), A. Lagoyannis (8), A.P. de Jesus (9), J. Raisanen (10), D. Strivay (11), A.
Zucchiatti (12)

(1) Nuclear Data Section, International Atomic Energy Agency, Vienna, Austria
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(3) Department of Experimental Physics, Institute Rudjer Boskovic, Bijenicka cesta 54, Zagreb, Croatia

(4) Istituto Nazionale di Fisica Nucleare, Via Sansone 1, Sesto Fiorentino, 50019 Firenze, Italy

(5) Kharkov Institute of Physiand Technology, National Science Center, Kharkov 61108, Ukraine

(6) Nuclear Science and Technology Research Institute, PO Box83839=¢hran, Iran

(7) Institute of Nuclear Research (ATOMKI), Bem ter 18/c, PO Box 51, 4001 Debrecen, Hungary

(8) NationalCenter of Scientific Research "Demokritos”, P.O. Box 60228, 15310 Athens, Greece
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(10) Division of Materials Physics, Department of Physics, University of Helsinki, PO Bdar, Fin
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Particleinduced Gammaay Emission (PIGExipowerful analytical technique that exploits the
interactions of rapid (~I1L0 MeV) charged particles with nuclei located near a sample surface to
determine the composition and structure of the surface regions of solids by measurement of
characteristic p2 YLJi + Nl ead ¢KS LRISYdGAlt FT2N RSLIWGK L
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recognized, however, the implementation has been limited owing to insufficient knowledge of
the physical data and lack of suitable uéeendly computer codes for the applicatis.
Although a considerable body of published data exists in the nuclear physics literature for
y dzOt S NJ NBI OGiA2y ONRaa aSOGA2ya HAGK to-NI &a
date, comprehensive compilation specifically dedicated t& #pplications. A number of PIGE
crosssection data had already been uploaded to the lon Beam Analysis Nuclear Data Library
(IBANDL) (http://wwwnds.iaea.org/ibandl) by members of the IBA community by 2011,
however a preliminary survey of this body of uakiated experimental data has revealed
numerous discrepancies beyond the uncertainty limits reported by the authors. Using the
resources and coordination provided by the IAEA, a concerted effort to improve the situation
was made within the Coordinated Reseh Project on the Development of a Reference
Database for PIGE spectroscopy, from 2011 to 2015. The aim of th@aSR® create a data
fAONI NBE FT2NJ L2y . SIY !vylIfeara GKIFG Ozyanl Ay a
emission cross sections that would be made freely available to the user community. As the CRP
has reached its completion, we shall presést main achievements, including the results of
nuclear crossection evaluations and the development of a computer code that will become
available to the public allowing for the implementation of a standiess PIGE technique.

O-4: Drawing the geometryf 3d transition metalg boron pairs in silicon by means of
electron emission channeling experiments

DJ. Silva (2), U. Wahl (2), J.G. Correia (3), V. Augustyns (2), T.A.L. Lima (2), A. Costa (3), E.
Bosne (3), M.R. da Silva (4), L.M.C. Pereira (2praEo (1)

(1) IFIMUP and Hwmistitute of Nanoscience and Nanotechnology, Universidade do Porto, Portugal
(2) KU Leuven, Instituut voor Kelen Stralingsfysica, 3001 Leuven, Belgium

(3) Centro de Ciencias e Tecnologias Nucleares, Instituto Supencdddniversidade de Lisboa,
2686953 Sacavem, Portugal

(4) Centro de Fisica Nuclear, Universidade de Lisboa, Lisbo®084Bortugal

The behavior of transition metals (TMs) in silicon is a subject that has been studied extensively
during the last sixdecades. Their unintentional introduction during the Si production, crystal
growth and device manufacturing have made them difficult contaminants to avoid. Once in
silicon they easily form deep levels, either when in the isolated form, where they acstas fa
diffusers, or when forming precipitates. These effects usually reduce the efficiency of-silicon
based devices, being dramatic, in particular, in photovoltaic applications. To mitigate these
effects, the industry has relied on a class of procedures basegettering techniques where

TMs are immobilized away from the active region of devices, e.g. by psype layers rich in
immobile boron dopants which easily pair with positively charged TM impurities through
Coulomb interactions. Although some elecal properties of Thboron pairs have been
investigated experimentally, the information about their geometries is still scarce. In that
respect, electron paramagnetic resonance [1] and Mossbauer spectroscopy [2] measurements
have suggested a configuratiavhere one of the most important TM in Si, Fe, is located on
interstitial sites with tetrahedral symmetry next to substitutional boron acceptor dopants.
Furthermore, density functional calculations have suggested the existence of a breathing mode
relaxation around the boron atom within thisarrangement [3]. A direct experimental
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confirmation of such a configuration is, however, still missing.

In this work we assess experimentally the lattice location of some TMs in silicon when pairing
with boron acceptors.One effective way is to use the electron emission channeling technique
GKSNBE (GKS f20FrGA2y 2F NIRA2FOGAQGS Aaz2dG2L1Sa
particles emitted by the probe atoms. In the present investigation, we used the TM isotopes
*Mn, *%Fe, *’Co and®Ni. We have observed that the lattice location of all TMs changes
profoundly with doping. In particular, we have found that the majority®in, **Fe and'Co is
located on sites near the tetrahedral interstitial site prtype silion, along the whole used
annealing temperature range. On the contrary, in the cas&Nfthe interstitial fraction was
much reduced. This confirms that the charge state of the TMs plays a major role in their
immobilization, since Fe, Co and Mn are mossipvely charged imp-type silicon while Ni is
assumed to be neutral. We have found that the detected displacement with respect to the ideal
tetrahedral interstitial site is in accordance with the predicted displacements of transition
metalboron pairs. V& discuss in detail the application of the emission channeling technique in
this system in extracting information about the geometries of such pairs.

[1] W. Gehlhdfet al, Solid State Phen. 32 (1993) 219
[2] H. P. Gunnlaugssat al.,, Hyperfine Interact169 (2006) 1315
[3] M. Sanatet al,, Phys. Rev. B 76 (2007) 125204

O-5: Atom location and ion damage studies of gold hyperdoped silicon via ion implantation
followed by pulsed laser melting

W. Yang (1)J.P. Mailoa (2), A.J. Akey (2), D. Recht (3) Aiz) (3), T. Buonassisi (2), J.S.
Williams (1)

(1) Australian Natl Univ, Res Sch Phys & Engn, Dept Elect Mat Engn, Canberra, ACT 0200, Australia
(2) MIT, Dept Mech Engn, Cambridge, MA 02139 USA
(3) Harvard Univ, Sch Engn & Appl Sci, Cambridge, MA QZE88

Previously, we have demonstrated that silicon hyperdoped by gold through ion implantation
followed by pulsed laser melting (PLM) shows enhanced absorption in the infrared, making it a
promising material for photodetector devices [1]. It has been hlgpsized that this enhanced
absorption relates to discrete stiand gap levels introduced by substitutional gold in silicon,
though this relationship is not yet quantified. We note also that high concentrations of gold
may lead to cellular breakdown vialste partitioning during rapid solidification following PLM

[2]. To optimise device performance, we employ Rutherford backscattering spectrometry
combined with channeling (RBS/C) to determine the degree of substitutionality for
supersaturated gold of défent doses, implant conditions and laser powers. Angular scans
from major axes were undertaken for precise atom location. Furthermore, we investigate the
mechanism of cellular breakdown and its impact on optical absorption by combining RBS and
transmissio electron microscopy analysis. Finally, we explore the effect of excessive helium
ion damage during the REBS®anneling analysis on the atom location of the metastable
supersaturated gold in silicon.

[1] J. P. Mailoa et al., Nature Communications 5,13@2D14)
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[2] D. Recht et al., Journal of Applied Physics 114, 124903 (2013)

O-6: lon Channeling Revisited

B.L. Doyle

Sandia National Laboratories, 8718856-Albuquerque, NM, USA

An MS Excel program has been written that calculates virtually athanneling parameters

for any ion and energy on any cubic bcc, fcc or diamond lattice crystals for <uvw> axes and [hkI]
planes up to (555). All of the tables and graphs in the three lon Beam Analysis Handbooks that
previously had to be manually looked updaread from were programed into Excel in handy
lookup tables, or parameterized, for the case of the graphs, using rather simple yet accurate
functions. The program offers an extremely convenient way to calculate axial and planar half
angles, minimum yidk, and the effects on hatéingles of amorphous overlayers. The program
can automatically generate standard stereographic projections of axial and planar channeling
with the haltangles graphically represented to scale. The program can also generate a new
orthogonal projection of channeling that shows the channeling probability as a function of
polar and azimuthal crystal orientation angles. This projection is used to theoretically predict
accidental (i.e. unintentional) channeling probabilities for randpnoriented crystals or
crystallites. This becomes an important issue when simulating the creation by energetic
neutrons of point displacement damage and extended defects using beams of ions. The
program is open source and can be downloaded from the website

http://www.sandia.gov/pcnsc/departments/iba/ibatable.html

O-7: HIERDA versus SIMS to study helium profiling in pure bcc metals

S.Gorondy Novak (1) ¢ ® [ 2dzad2dztr Ny O0HOUZ C® [ SLINBGNB OH
(2), H. Lefardeuland 1)
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Helium effects on microstructural and mechanical properties are key issues im fissiosion
materials research. Due to its extremely low solubility in most metallic alloys, helium strongly
interacts with preexisting and radiatioiinduced defects, leading to structures degradation. In
order to extend the longevity of structural matats in the advanced reactors, it is necessary to
comprehend the helium diffusion down to the atorrscale.

Pure bcc metals (V, Fe, Ta, Nb and Mo) were implanted“#iithions at energies ranging from
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45 keV to 90 keV with a fluence equal to 5¥li0ns/cnf. After implantation, He depth profiles

were deduced either from high energy heavy-ioduced elastic recoil detection analysis-(HI
ERDA) or from secondary ion mass spectrometry (SIMS) profiles. Both techniques give similar
results: all samples exhibit projected range of around 200 nm, in agreement with TRIM
theoretical calculations. The latter results were then compared with the He bubble distribution
obtained by Transmission Electron Microscopy (TEM). TEM micrographs reveal that the
nanometric bubblesre homogeneously distributed in the microstructure.

The main aim of this study is to compare the experimental conditions and performances
allowed by the use of HERDA and SIMS in quantitative analysis of helium in pure bcc metals.
Complementary postmplantation annealing treatments are carried out to characterize the
*He-depth profile evolution.

O-8: Ambient Analysis of Liquid Materials with W&IMS

T. Seki (1)M. Kusakari (1), M. Fujii (2), T. Aoki (3), J. Matsuo (2)

(1) Department of Nuclear Emgiering, Kyoto University, Uji, 600011 Kyoto, Japan.

(2) Quantum Science and Engineering Center, Kyoto University, Up0&11Kyoto, Japan.

(3) Department of Electronic Science and Engineering, Kyoto University, Nishik@s1&1Kyoto,
Japan.

A meaurement system that operates at ambient conditions is required for the analysis of
biological samples and sogiiquid interfaces, because the samples contain relatively large
amounts of volatile materials, such as water, alcohols, and fatty acids. |Partiiticed Xay
emission (PIXE) has been used to analyze such samples in air, but this technique does not
provide molecular information. Recently, an ambient secondary ion mass spectrometry (SIMS)
system has been developed, but volatile liquid (wet) sasmre difficult to measure using
conventional SIMS, because samples must be dried and introduced into a high vacuum
chamber. The mean free path of ions with energy in the keV range is very short in low vacuum
and these ions cannot penetrate the surfaae.cbntrast, wet samples can be measured using
heavy ions in the Me¥nergy range without dry sample preparation because of the high
transmission capability of these ions at low vacuum pressure. -bfergy ion beams also
excite electrons near the surface denhance the ionization of higimass molecules and thus
fragmentsuppressed SIMS spectra of ionized molecules can be obtained. We have developed
an ambient analysis system with secondary ion mass spectrometry for wet sampleS (V&)X

that operates fromlow vacuum to atmospheric pressure using Menérgy heavy ion beams.

The system is equipped with fine nozzles that avoid vacuum degradation at both the primary
beam incidence side and the secondary ion measurement side, even when the target chamber
is filled with gaseous He at atmospheric pressure. Water evaporation was suppressed in He at
atmospheric pressure and a solution of benzoic acid could be measured usingrds)y

heavy ions without dry sample preparation.
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O-9: Hydrogen behavior in materialsfiéer single and triplebeam irradiations characterized by
{La{ FTYR xwlYly

L. Beck (1)D. Brimbal (1), T. Loussouarn (1), P. Trocellier (1), S. Miro (1), F. Jomard (2)
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Yvette Cedex, France
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Implantation of hydrogen in materials is used for several applicationdegtrenics for doping

or thin film production and for nuclear studies to simulate gas accumulation during reactor
operation. In the last case, interaction of hydrogen with the host matrix can cause damage
through embrittlement, hardening, and swelling. Ing and after implantation, hydrogen
diffuses and can be trapped, resulting in possible changes to its chemical bonding or molecular
structure. In order to characterize the behavior of hydrogen implanted in depth in materials, we
have combined two techniggs. SIMS (Secondary ion mass spectrometry) is used for profiling H
FNRY GKS &dz2NFIFOS (2 Foz2dzi p xY AYy RSLIGK gAd
applied on crossections of the samples. Mappings of Raman spectra as a function of the depth
are dotained along the ion path evidencing possible maktionds or limolecular structure.

This methodology has been applied to different materials: Si, SIiC, Fe and ODS st2éb(¥e
4%Y¥0s). We have observed in silicon the formation ofHSand hydrogesvacancy bonds. In

SiC, we have observed in additiodH®onds. In iron and the ODS steel, H profiles have been
measured by SIMS but no Raman bands have been obtained in case of single beam irradiation.
These results show that hydrogen is present in atoroienf Conversely, when ODS steel is
irradiated in triple beam condition (Fe He, H), H molecules are detected at a depth
corresponding to the ion ranges, suggesting a synergistic effect between H and He or H and
damages. Dual irradiations (FeH) ard (H€, HY) are in progress to discriminate these effects.

O-10: Glass deterioration mechanisms using Tet2A of Rosslyn glass

A. Hamilton (1)C. Jeynes (2Y.V. Palitsin (2), G.W. Grime (2), M. Bambrough (3)

(1) Department of Civil and EnvironmahEngineering, University of Strathclyde, Scotland
(2) University of Surrey lon Beam Centre, Guildford, England
(3) Scottish Glass Studios, Glasgow, Scotland

LaAy 3 { eziNNGBrhiggafocusséd microbeam with a largage motorised sample
manipulata and a high countate spectrometry system for both particle anera§ detectors,

we have analysed deteriorated stained glass from the Rosslyn chapel (built in 1446). The glass
LI ySta oSNB YIydzZFl O0dzNBR | N2 dzy R mwyistdefined hyl K |
Pbrich monochrome paints fired into the glass. Many panels have suffered extreme image
loss due to an aggressive internal environment, and this work aims to uncover the lost imagery
by revealing the NA A Y | € | NI A d8USidgTotallBAA(seliconsisténibr Beand
analysis) methods we have demonstrated that the lost grisaille leaves an (invisible) surface
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enrichment of grisaille components, and that the lost image can efficiently be recovered by
PIXE (particknduced Xray emision) with high acuity, providing invaluable guidance for the
restorers and conservators.

CNRBY (GKS fFNBS RIFGF OdzSa
pixels, front and back surfaces) we will
extract PIXE/EBS spectra of selected areas,
infer the composition modification as a
function of depth from the surface, and
interpret these profiles by modelling the
grisaille technique used and the expected
| glass deterioration mechanisms informed by

' - our knowledge of the environmental history
Heauly damaged glasspanelfrom the Rosshyn Chapel: o the panel. Currently there are gni few
combining the images from both the front (intermal) surface, andthe  studies with reliable elemental depth profiles,
back (external) surface containing the halo painted in silver. . .

using spot analyses (not mapping).

This project is partially funded by The Rosslyn Chapel Trust (Registered Charity number
SC024324) Lord and Lady Rosslyn, Owners and Trustees, and WREN Heritage Fun
(www.wren.org.uk)

O-11: MeV SIMS a tool to study modern paint materials and their stability

D.Jembri{l A YO NNH SADP o{Mi0] SGAOG OHUI bd al NJ2OAO3F O6HOZX
wlk R2GA06 OHO

(1) Institute of Science and Tecnology in Art, Acayl of Fine Arts, Schillerplatz 31810 Vienna,
Austria

(2) Laboratory for lon Beam Interactions, Rudjer Boskovic Institute, Bijenicka-B908R Zagreb,
Croatia

(3) Institute of Chemical Technologies and Analytics, Vienna University of TechnologigeGerkt
PkMcMI ! mimncn ASYyylrI ! dzAa G NRL

Development of the modern industry in the 2@entury caused production of a large variety of
synthetic organic materials (binders and pigments) that have been used extensively by modern
and contemporary artistsDegradation mechanisms and aging of those materials are typically
studied with methods that can provide some information on the molecular structure like Gas
Chromatography Mass Spectrometry (GC/MS), Pyrey8I8VIS, FTIR or Raman spectroscopy,
Atomic Fore Microscopy (AFM), and Nuclear Magnetic Resonance (NMR). In the present work
for the first time, potential of the Secondary lon Mass Spectrometry (SIMS) technique with MeV
heavy ion excitation was explored for identification of synthetic organic matevisésl for

paints materials. Sethade paint mockup samples were prepared by mixing different pigment
powders with alkyd and acrylic binders on glass slides as well as some commercially available
paint formulas. Additionally, the moeakps were artificiallyaged using enhanced outdoor
conditions of UV radiation. Three sets of samples were analysed using MeV SIMS setup at the
heavy ion microprobe in Zagreb: unaged, aged for two (UV1) and four months (UV2). As a
primary ion beam focused 5 MeV*Sivas used. W will demonstrate that different synthetic
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organic pigments and binders can be easily identified by their molecular masses with MeV
SIMS. Also, measurements have shown that it was possible to distinguishing among different
blue phthalocyanines (PB 15:9 @ell as between different binders (alkyd and/or acrylic) in the
prepared moclkups. At present, the potential of chemical imaging of aged paint surfaces
compared to unaged ones is tested and first results will be reported.

This work is supported by thHey A 1@ (G KNRdzZAK Yy24f SR3IAS CdzyR 6!
LI AYyd YFGSNAFE&E YR GKSANI adrFroAfAGe dzaAy3a aS$

* Present address: SY 1 SNJ T2 NJ bdzOf SI NJ ¢ SOKy2f 23ASax ¢SO
Campus, D000 Rskilde, Denmark

O-12: Development of the timeresolved ion beam luminescence technique and its
application to the provenance studies of lapis lazuli

C. Czelusniak (1). Palla (2), L. Carraresi (1), M. Massi (1), M. Fedi (1), L. Giuntini (1),IL. Caste
(1), F. Taccetti (1)

(1) INFN Sezione di Firenze, Via Sansone 1, 50019 Sesto Fiorentino (Fi), Italy
(2) INFN Sezione di Pisa, Largo B. Pontecorvo 3, 56127 Pisa, Italy

A setup for timeresolved ion beam induced luminescence (TRIBIL) has been deveibfies
pulsed beam facility of the 3 MV Tandetron accelerator of the LABEC laboratory. Measurements
are performed exploiting the pulsed beamline DEFEL [1], consisting of two electrostatic
deflectors operating together to produce a pulsed beam from a ommtiis one. By controlling

the beam current it is possible to obtain a variable and finely controlled number of particles per
bunch. The new TRIBIL setup, here described, is based on a photomultiplier tube (PMT)
detecting in vacuum the light emitted by tharget. Optical filters in front of the PMT window
allows for wavelength discrimination. The signal from the PMT is sent to the VME sampling ADC
(CAEN/V1724). The digitizer (250 Ms/s sampling rate) was programmed to start acquisition in
coincidence with tlke signal from the DEFEL system, corresponding to the bunch creation. The
I OljdzA aAdA2y GAYS gAY Ragranget a/usedefinalieRiggiradalsy Ban A Yy
be used to acquire longer signals. With luminescent targets, for each trigger sigoatawe a
waveform whose initial part is acquired before the ions hit the target (baseline determination),
while the rest of the signal correspond to the light burst induced by the beam bombardment
and to its decay after the excitation is turned off. Puaghforward a study started in 2007 [2,

3], TRIBIL has been applied to the provenance study of lapis lazuli, gpresmous stone
admired for its blue color. Lapis lazuli has been used since the early civilizations as an
ornamental stone and it can be fodnonly in a few places (Afghanistan, Siberia, Chile). As
shown in previous studies [3], the lonoLuminescence (IL) technique can help to discriminate
materials of different origins, being the emitted light dependent on the nature and traces of the
minerals composing the stone. We have thus proposed the use of TRIBIL to contribute to
finding new markers of lapis lazuli provenance, since it can separate overlapping features not
distinguishable through steaestate luminescence. Lapis lazuli of known certifiedvenances

were studied. Since IBIL is dependent on dose and dose rate [4], we used these parameters to
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characterize the components of the luminescence decay. Preliminary results show differences
in the TRIBIL signals collected from samples of diffe@ovenances: it was possible to
highlight that the Chilean lapis lazuli is characterized by decay times longer than those of all the
other provenances. IBIL allied with lifetime measurements can thus constitute a strong and
innovative method to discriminatamong diverse provenances.

[1] F.A. Mirto and L. Carraresi, 2008, NIM B (266) 2113.

[2] E. Colombo et al., NIM B 266 (2008) 1683532

[3] A. Lo Giudice et al., 2009, Anal. Bioanal. Chem. (295) 2211
[4] P.D. Townsend and Y.Wang, 2013, Energy P ¢4t) 64

O-13: SIMS on FIB instruments: a powerful tool for higgsolution highsensitivity analytics
at the nano scale

T. Wirtz, D. Dowsett,-IN. Audinot, S.E. Moorth{. Philipp

Advanced Instrumentation for lon Nasmnalytics (AINA), Luxembourgsiitute of Science and
Technology (LIST), 41 rue du BriddR2 Belvaux, Luxembourg

FIBbased instruments become of increasing importance in materials and life sciences. They are
an ideal tool for high resolution 2D and 3D imaging and for nanofabritdtianemachining

and deposition, etc.), yet their analytical capabilities are currently limited. By contrast,
secondary ion mass spectrometry (SIMS) is an extremely powerful technique for surface
analysis owing to its excellent sensitivity, good dynamamge, high mass resolution and its
ability to differentiate between isotopes. Adding SIMS capability to FIB instruments offers not
only the prospect of obtaining elemental information at much higher resolution than sthte
the-art SIMS instruments, but laivs for a direct correlation of SIMS images with high
resolution secondary electron images. Past attempts of integrating mass spectrometers on FIB
instruments were rather unsuccessful because of poor detection limits which were due to (i)
low ionizationyields of the sputtered matter, (ii) extraction optics with low secondary ion
extraction efficiency, and (iii) mass spectrometers with a low duty cycles and/or transmission.
In order to overcome these limitations, reactive gas flooding duringSIVES hasbeen
investigated and compact higberformance magnetic sector mass spectrometers with
dedicated higkefficiency extraction optics developed by our group. Secondary ion yields have
been maximised by using,®@ooding for positive secondary ions and Cs dliog for negative
secondary during the SIMS analysis. Compared to Ga or noble gas primary ion species without
flooding, the ionisation probabilities have been increased by up to 4 orders of magnitude,
which leads to detection limits varying from 3007 for lateral resolutions between 10 nm and

100 nm. Images recorded with poorer lateral resolution but excellent detection limit (e.g. 1
ppm @ 50 nm) can be correlated with secondary electron images recorded at high lateral
resolution using Ga, He, Ne or el®n beams, overcoming the trae®f between detection

limit and smallest feature size. The SIMS-addchas been optimised for FERMS applications.

The extraction optics have maximum efficiency without distorting the primary ion beam and
are coupled toa specially designed compact magnetic sector mass spectrometer with a high
mass resolution (>2000), full mass rangeUHand detection of several elements in parallel.
The results are very encouraging and the prospects of correlating SIMS withebdjition
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imaging and nanofabrication instruments are very interesting. fggolution microscopy and
high-sensitivity elemental mapping are combined on a single instrument, which represents a
new level of correlative microscopy.

O-14: lon Beam Analysis ithe Helium lon Microscope

R. Heller (1)N. Klingner (1), S. Facsko (1), J. von Borany (1), P. Gnauck (2), G. Hlawacek (1)

(1) Institute of lon Beam Physics and Materials Rese&tehmholtzZentrum DresdetfRossendorf e.V.,
D-01328 Dresden, Germany
(2) CartzeissMicroscopy GmbH, 123447 OberkochenGermany

Helium ion microscopes (HIM) have turned into a frequently used imaging device in several
laboratories around the world. Beside a sub naneter resolution and its high field of depth

the latest geneation of HIM devices (Zeiss Orion NanoFab) offers the ability to make use of
Neon ions enabling additional opportunities in terms of surface modifications on the nm scale

[1].

While the image generation in a HIM is based on evaluating the amount of sagoeléctrons

the information carried by the baekcattered He/Ne projectiles (BSP) is not taken into
consideration at the moment. Thus the HIM offers excellent topographic imaging capabilities
but chemical information (in terms of elemental compositior)tloe surface is not accessible.
Nevertheless backcattered particles carry that information and may be used to provide
additional contrast mechanism(s). First attempts to measure BSP energy spectra were done by
Sijbrandijet al. [2] and gave evidence fothe general feasibility but also revealed that a
guantitative chemical analysis of thin layers would require development of more sophisticated
detection concepts than those used in their experiments (silicon surface barrier detector).

In the present comnibution we show the development and the implementation of a Tiofie

Flight backscattering spectrometry (TeBS) technique within our HIM. Pulsing the primary ion
beam by using the existing beam blanker with a customized pulsing electronics enables us to
generate pulses as short as below 10 ns. BSP detection is done by means of a micro channel
plate detector. Our measurements demonstrate that this technique is capable to achieve an
energy resolution as good as 2 keV (for 30 keV He incident ions) byasisulisly keeping the

spatial resolution in the order of a few 100 nm. We further show that with some slight
modification the presented setup can be utilized to acquire ToF spectra of sputtered particles
as well, thus enabling lateral resolved T®IMs withn the HIM.

[1] G. Hlawacek, V. Veligura, R. van Gastel, and B. Poelsema, J. Vac. Sci. T3(Bnd20’4

020801.

[2] S. Sijbrandij, B. Thompson, J. Notte, B. W. Ward and N. P. Economou, J. Vac. Sci. Technol. B,
26(6), 2008 21032106
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O-15: Applications and benefits of &e plasma FEBSEM

E.J.R. VesselR, Dobbe, T.L. Burnett, R. Kelley, B. Winiarski, K. Mani

FEI Company, Achtseweg Noord 5, 5651GG Eindhoven, the Netherlands

The combination of a focused ion beam (FIB) with a scanning electronscop® (SEM) in a
FIBSEM or DualBeam instrument provides a wide range of applications for material
characterization. Sealled FIB tomography[1,2] has enabled 3D imaging of structure,
crystallography (via EBSD) and chemistry (by EDS) invaluable foreaofaolyaracterization
applications. However theonventionalgallium ion FIB also presents some limitations. First,
there are many scenarios in materials science that require analysis across length scales up to
many 100s of microns that lie beyond what a ©n FIB can typically access, relating to grain
microtextures, grain neighborhoods, grain boundaries, inclusions and cracks. Second,-gallium
based FIB at 30 keV induces a ~20 nm damage layer in crystalline samples that can hamper
subsequent analysis.

In this paper we discuss the application of a DualBeam system equipped with a Xe Plasma beam
FIB, the FEI Helios PFTBis Xé beam provides higher currents and higher sputter yield
(leading to a 2660R (i K NP dz3 K LJdzl) ash wellJnisP dfySificsyy (redutematerial
damage.

2SS RSY2yauN)r 4GS GKS LISNF2NXIFyOS 2F GKS tcCL.
tomography study of steel samples. The results show that PFIB tomography produces low levels
of surface damage as evidenced by good channeling contraselhss clear Kikuchi patterns

from the machined surface.

Other ongoing experimental studies across a wide range of materials from paint to ceramics
suggest the Xe PFIB can routinely, quickly and with high material quality provide 3D serial
section tomograns over dimensions of many hundreds of microns. This not expyands the
accessible length scales for BBM material characterizatioit,also means an improvement of

the results compared to Ga FIB thanks to a remarkable surface finish quality.

[IIM.5d ! OKAOZ [ 1 2f1 SNE . & WoDihefigoda2y>x 9 [ & t
aAONRAUGNHOGdzNT £ / KIFNF OGSNAT FGA2y ' aAy3a Cc20dAaS
32, Issue 05, May 2007, pp 4986

[2] Burnett, T.L., McDonald, S.A., Gholinia, A.,rGeR., Janus, M., Slater, T., Haigh, S.J., Ornek,

C., Almuaili, F., Engelberg, D.L., Thompson, G.E., Withers, P.J., Correlative Tomography.

Scientific Reports, 2014. 4: p. 4711
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O-16: Application of micraon-beam analysis to investigate the disbution of Cs in silt
particles for environmental remediation of Fukushima

K Ishii (1) S Itoh (2), T. Hatakeyamd?2), D. Sata(2), T. Ohnuma (1)T. Yamaguch (1), .Frai (1),
H. Arai (1), SMatsuyama (2) A. Terakawa (2) S-Y. Kim(2)

(1) ResearckRenter for Remediation Engineering of Environments Contaminated with Radioisotopes,
Graduate School of Engineering, Tohoku Univer&i6/01-2 AramakiAzaAoba, Aobe&ku, Sendai 980
8579, Japan

(2) Department of Quantum Science and Energy Engineeringklidiniversity, 6-01-2, Aramaki Aza
Aoba, Aob&u, Sendai, 988579, Japan

After the great east Japan earthquake on 11 March 2@hé big tsunamicausedFukushima
Datichi nuclear power plant accidenfThe northeastern region of Japan (maifykushina
prefecture) was contaminated witthe radioisotopesof 4,133, 132Te, **Cs and"*"Cs Among
these radioisotopes’*!, *4 and **Te disappeared soon due to their short half liv@se half

life of 1**Cs, andf **'Csare 2 years and 30 years, respively. Tie contaminatedsoil of 5 cm in
thickness from the ground surfades been removed anits total volumewas estimatedabout

23 10" m°. It isa burden toFukushima resident® reservea very largeplace tosecuresuch a
huge quantity of contanmated soil. Therefore,it is needed to reducéhe volume of
contaminated soillt was known that Radioactive cesium atoms have been adsorbed with the
silt particles in the soil. We developed a methods by which the decontaminated soil volume /
the cortaminated soil volume was ~ 0.@amely, the volume reduction rate was ~ 0.1 [1]. By
classifying soil particles, we found that the specific activity of silt particle depended on
diameter[2] and proposed that, in the case of the silt particles with the diamefdess than
10~30mm, radioactive cesium atoms were distributed over the whole and, in the case of larger
than 10~30mm, over the husk§3], respectively.

The use of PIXET is proposed to investigate the distribution of Cs in the silt particle. In
consderation of decrease of-Ky production cross sections and salfsortion of Xray in the

silt particle in the case of 3 MeV proton bombardment, RCIEcan be applied to the silt
particles with the diameter of less than about 10 milie extractedsilt particles from the
muddy water obtained by washing the soil and then we spratfesl solution of cesium
carbonate(CsCQ). Weusedthe microbeam formation system of Tohoku universioyPIXECT

and obtained 2Bprojection data of @ ~ 34& at intervals of 18 On the basis of the filtered
backprojection method, we reconstructed cressctional images reflecting the distribution of
Cs in the silt particle of about 1&m diameter and found that Cs atoms were uniformly
distibuted in the silt particle. This supgied the previous result of the classification method of
soil particles. To investigate the interior structure of the silt particles with the diameter of
larger than 10mm, we apply an Xay CT using a micronr&y source produced by miciion-
beam bombardhent [4]. The existence of Cs is expected to be emphasizedhendifference
image between a/-K-X-ray (4.94 keV) imagand a Crk-X-ray (5.41keV)image owing to the
strong absorption of Cks-absorption edge (5.01keV).

[1] K.Ishii et al. IJPIXE, @912) 13-19.

[2] K.Ishii et al.Nuclear Inst. and Methods in Physics Research, B2R1) 70-75.
[3] K.Ishii et al., to be published in IJPIXE.

[4] K.Ishii et al.Nuclear Inst. and Methods in Physics Resed&9 (2006) 726-729.
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O-17: Application of IR to taphonomy and paleontology

G. Terwagne (1A. Cincotta (2), P. Godefroit (3), J. Yans (2)

(1) PMRLARN, Department of Physics, University of Namur, rue de Bruxelles 61, 5000 Namur, Belgium

(2) Department of Geology, University of Namur, rue de 8tex 61, 5000 Namur, Belgium
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Recent discoveries of fossil feathers preserved with some theropod skeletons provided new
insights on the origin of the plumage in neavian dinosaurs. In this study, we performed
geochemical analysis on fossil feathers in order to characterize their composition and,
therefore, their preservation state. The fossil soft tissues are preserved aroenskéieton of

a new specimen of the Jurassic paravian theropaathiornis huxleyiFeatherchemistryhas

been revealed by combining IBA techniques: Prdtaduced Xray Emission (PIXE), Nuclear
Reaction Analysis (NRA) and Rutherford Backscattering (R&§isnBy combining NRA, RBS
and PIXE induced by deuterons, we demonstrate that it is possible to measure quantitatively
light and heavy elements in the fossil feathers as well as in the sediments around the fossil.
PIXE and RBS were acquired simultangowgth a proton beam of 3.0 MeV, allowing
identifying the elemental composition of the plumage and the surrounding matrix. They both
contain elements as C, O, Cu, Cr, Fe and Ca. The melanin pigment found in all extant feathers
contains chelated Cu. Thegsence of such element in the spectrum of the fossil could indicate
melanin remains preserved in th&nchiornisplumage. RBS permitted to observe enriched
carbon and oxygen layers on the fossil plumage and thus, to differentiate the fossil tissues from
the surrounding sediment. The combined analysis showed we can quickly determine the
elemental enrichment and depletion, and the structure of the fossil feathers using techniques
that are new in the field of paleontology.

0O-18: Evaluation and mapping of PMR2atmospheric aerosols in Arasia region using PIXE and
gravimetric measurements

M. Roumie (1)M. Chiari (2), M. Ahamad (3), D. Arafah (4), N. Hamdan (5), T. Hussein (4), A.
Karydas (6), G. Calzolai (2), S. Nava (2), B. Nsouli (1), S. Rihawi (3),iH4paad8hakhashiro
(6), A. Simon (6), A. Srour (1), M. Sultan (7), Th. Zubaidi (7)

(1) Accelerator Laboratory, Lebanese Atomic Energy Commission, National Council for Scientific
Research, Beirut, Lebanon

(2) INFNFlorence and Department of Physics agtronomy, University of Florence, via G. Sansone 1,
50019 Sesto Fiorentino, Italy

(3) Atomic Energy Commission of Syria, Damascus, Syria

(4) Department of Physics, Jordan University,Amman, Jordan

(5) Physics Department, Faculty of Arts and Sciences, éanddiniversity of Sharjah, Sharjah, United
Arab Emirates

(6) International Atomic Energy Agency, Vienna, Austria

(7) Ministry of Sciences and Technology, Baghdad, Iraq
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Air pollution is a worldwide problem that can affect the environment and human health.
However, in Arasia region (Arab countries in Asia) there is lack of enough data and study
dealing with this issue. It is obvious from the few studies conducted in the Eastern
Mediterranean region that Particulate Matter (PM) levels in air are much hititger in other

regions, even when compared to the Western Mediterranean. Besides, atmospheric aerosols of
PM10 and PM2.5 (aerosol particles with aerodynamic diameter less than 10 anaim2.5
respectively) are tranboundary and can effectively contribute @ir pollution in a certain
localized areas. Thus, the current work is a part of a study conducted among several Arab
countries in west Asia, under an IAEA regional technical cooperation project for Arasia region. It
consists of a simultaneous samplingaf®n Yy R taw®p dzaAy3 'y L{!t
combined inlet. Few months ago, the first regional campaign, within the -RR&Z0/072
project, was launched simultaneously in Lebanon, Iraq, Jordan, Syria and United Arab emirates,
using a unified samplg and analysis protocol. For the moment, it is based orh@4
sampling, every six day and is focused on the sampling of PM2.5 from a single location in each
country, supposed to represent the urban background of air quality. The different PM2.5
samples ollected on Teflon filters were analyzed by PIXE technique at the external beam
facility of LABEC laboratory of INFN in Florence (Italy) using a 3 MeV proton beam and the
dedicated array of 3 Silicon Drift Detectors in order to determine their elementaposition.

The following elements were detected simultaneously: Na, Mg, Al, Si, S, CI, K, Ca, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn and Pb, beside some other occasional elements found in particular samples.
Furthermore, a gravimetric measurement was done &tedimine the total aerosol mass. This
project is unique as it addresses a gap in the available data and information about regional
background pollutants. It aims to produce for the first time a data base of PM elemental
concentrations in the region that i help in future studies on air quality and consequent
pollution. In this work, it will be shown the first results of this opportune regional study.

0O-19: Increased Accuracy and Sensitivity in Hydrogen Analysis
M. Moser (1)P. Reichart (1)C. Greuél (1), A. Bergmaier (1), F. Schiettekatte (2), G. Dollinger
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Protonproton (pp) scattering has proven to be the most sensitive ion beam method for
hydrogen depth profiling [1]. For microscopic imaging in 3 dimensions it is in fact the only
usable method because of its low radiation damage potentiml &S compatibility of using a
large solid angle detector arrangement at a proton microprobe [2].

The high sensitivity is achieved by a narrow coincidence filter set on the detection of both
protons from a ppscattering event. In order to reduce backgmul from accidental
O2AYOARSYyOSa IRRAUGAZ2YIf O2yaidNIAyGa | NB NBIJc
particles to each other, that is well defined due to equal masses of the scattered patrticles, using

an angular resolving strip detector. glefficiency in the detection of ppvents, however, is
reduced for tight filters due to multiple (small angle) scattering of the scattered protons for
long path length in particular when analyzing hydrogen in samples containing high Z elements.

62



Hence, thedetection efficiency is a function of depth and the filter tightness. Additionally,
detector effects due to its granularity and calibration uncertainties have to be carefully
controlled.

Accuracy in quantification strongly depends on knowing all of tleéfsets. Thus, we introduce
CORTEO [3] Monte Carlo simulations to calibrate the efficiency in dependence of matrix
composition, sample thickness, depth of origin of a-gopttering event and detector
granularity. The agreement of simulations with measudegth profiles is demonstrated using
multilayered sandwich targets.

[1] P. Reichart, et al., Science 306 (2004) 1537.
[2] P. Reichart, et al., Nucl. Instr. and Meth. B197 (2002), pp1494
[3] F. Schiettekatte, Nucl. Instr. and Meth. B266 (2008)1880;1885

0O-20: Developments and applications of nuclear microprobes in China

G. Du (1)H. Shen (2)

(1) Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou730000, China
(2) Institute of Modern Physics, Fudan University, China
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Since then, techniques and applications of nuclear microprobes in China have been developed

and progressed for more than thirty years. There are seven acceldrag®d mclear

microprobe facilities available in China now. They are able to provide micro beams with ion
energies from 1 MeV to 1 GeV. These microprobes have been utilized to obtain spatial
information or radiation effect in solids and biological samples. Inamd in vacuum
microprobes were constructed. Techniques of ion beam analysis methods, single ion hit were

also developed for these applications. This paper describes their technological performance. It

also presents the latest progress of applications G (Inertial confinement fusion) target,

CdZnTe detector, information safety and so on.

O-21: Advanced pulse processing for TiroeFlight ERD

J. JulinT. Sajavaara
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Timeof-flight ERD instrumentation is often based on traditional psaksing ADCs and time to
amplitude (TAC) converters. An advanced timestamping data acquisition setup for these ADCs
allows the monitoring of bearnduced damage and setting the coinambe criteria post
acquisition [1]. The use of gas ionization chambers (GIC) as an energy detectoiERO dfas
become popular recently. To make the most of the detector, it makes sense to capture not just
the pulse height from the anode of the GIC, bull traces of anode, Frisch grid and cathode
pulses. The timing and shapes of these pulses can be used to achieve position sensitivity [2] and
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even particle species discrimination. A complete data acquisition and pulse processing setup
for TOFO9 w5 A&/ eWeNdNwo & O2yairaida 2F | FlLad FYLXAT
N6751 digitizer for the timef-flight and three Amptek CoolFET preamplifiers and a CAEN
N6724 digitizer for the GIC. A desktop computer running Linux is connected to the digitizers
over a CONET optical link. The computer ruAsomse developed acquisition software with a
userfriendly graphical user interface built using Qt 5. The software can process the raw events
to list data during the acquisition with customizable softwareodathms. In this presentation

the used algorithms and software design are described. The-dfrflght digitization is shown

to have a <200 ps resolution, which is comparable to a-twakd CFD+TDC setup and
improved hydrogen detection efficiency. Byptaring full traces of all signals various effects
affecting the detection efficiency, resolution and background can be studied in detail. The
digitization of GIC signals is shown to reduce unwanted background by making possible tighter
coincidence crited and rejection of certain events by pulse shape.

[1] M. Rossi, P. Rahkila, H. Kettunen, M. Laitinen, Nucl. Instrum. Meth. B 347 (2015) 39
[2] J. Julin, M. Laitinen, T. Sajavaara, Nucl. Instrum. Meth. B 332 (2014) 271
[3] M. Laitinen, M. Rossi, J.iduyIT. Sajavaara, Nucl. Instrum. Meth. B 337 (2014) 55

0O-22: Performance Tests of a Scalable Miidetector Digital Spectrometer with Eight
Channels
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(1) lon Beam Modification and Analysis Laboratory, Departra&Physics, University of North Texas,
1155 Union Circle #311427, Denton, Texas 76203, USA

(2) Faculty of Mathematics and Computer Science, University of Leipzig, PF 100920, 04009 Leipzig,
Germany

Digital pulse processing in ion beam analysis ismsitlivery common. Commercially available
systems are not yet versatile enough to suite the needs for flexible and-matial ion beam
analytical setups. Therefore, lapecific solutions are under development with more or less
success. If ion beam scanniigy required, solutions become even more complicated since
synchronization between the data streams from the detector channels and the scan control is
necessary. We present the design and the results of performance tests of our scalable multi
detector digtal spectrometer. It is currently configured with two digitizers (ADQ412), each with
four-channel, 12 bit, and 1 GHz sampling frequency. The scan control module ischammeel

16-bit, 50-MHz sampling frequency digital to analog converter. The digitimdrsgan modules

are synchronized via the chassis backplane PCI bus. Digital pulse processing of the detector
signals is realized onboard the digitizer cards using a field programmable gate array. The system
is designed to handle data rates of up to 1 Midz ghannel.
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0O-23: Recent progress on the new MeV SIMS setup at ETH Zurich

M. SchulteBorcherf a® 51 6 St AX ! & aAdSymaNf f SNE ad® DS2NHS:

Laboratory of lon Beam Physics, ETH Zurich, 8093 Zurich, Switzerland

An MeV SIMS setp with a capillary mmobeam is being installed at the Laboratory of lon Beam
Physics at ETH Zurich. By using a microcapillary collimator, primary beam spots of a few microns
in diameter can be formed almost independent of mass and energy of the projectiles. The high
energy bea transport is exclusively achieved by electrostatic ion optical elements. This allows
to use high energy heavy ions as well as molecular ions @)an®w charge states. The SIMS
chamber is equipped with a piezo raster stage for imaging. Five samaple time can be
introduced and stored in the UHV chamber via a vacuum load lock. Secondary ions are detected
by a linear Tim®f-Flight (ToF) spectrometer with a 01bflight path and a microchannel plate
detector. ToF start signals can be obtained frimicident MeV particles or by beam pulsing. For

thin samples, a gas ionization chamber allows to detect transmitted ions to perform STIM
measurements. Additional imaging and analysis of the sample will be possible with a secondary
electron device and a gbn drift detector which can be mounted to produce PIXE maps.
Details on the setip and first results will be presented.

O-24: Structure in the velocity dependence of heaign energyloss straggling

P. Sigmund (1)0. Osmani (2), A. Schinner (3), QYoSy Kdzo SNJ 6 no0X ad ¢KI yA
Arstila (6), J. Julin (6), H. Kettunen (6), M.I. Laitinen (6), M. Rossi (6), T. Sajavaara (6), H.J.
Whitlow (7)

(1) Dept. of Physics, Chemistry and Pharmacy, University of Southern Denmark, Odense M, Denmark

(2) Physics Faculty, University of Duisbiasgen, 47048 Duisburg, Germany

(3) Dept. of Experimental and Surface Physics, Johannes Kepler University, 4@d4MhafnAustria

(4) Laboratory of lon Beam Physics, ETH Zurich, 8093 Zurich, Switzerland
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Recent theoretical and experimental studies [1,2,3,4] indicate that the energy dependence of
heavyion straggling has a multiplgeak structure. In the present work we study the
systematics of this structure as a function of the atomic nemskZ and 2 of ion and target. It

is well known that linear straggling, bunching and packing produce separate, although not
necessarily resolvable peaks in the energy dependence of straggling. More surprising is the
observation [3] that chargexchange tsaggling alone can produce a multigbeak structure,
although only two peaks have hitherto been unambiguously identified in calculations.
Experimental studies of straggling are typically affected by insufficient knowledge of foil
uniformity. To circumventhis source of error we focus on gas targets. Until now we have
employed Si and Kr ions and He, N, Ne, Ar and Kr as target gases in the energy rang¢2f 0.5
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laboratory; for Si independent measurements were made at-®5MeV/u using the 6 MV EN
tandem accelerator at ETH Zurich. While our measurements [2,4] confirm the existence of more
than one peak, we have not yet identified an {target combination where ateast two
resolvable peaks have a predicted position within the energy range of any singe accelerator
used. We report new calculations with the aim to confirm trends identified earlier for Kr and Si
ions [3]:

1. For chargeexchange straggling, peak hieigand speed increase with increasing Z
2. With increasingaZpeak velocity increases but peak height decreases with increasing Z
3. The significance of bunching relative to charge exchange increases with incrgasing Z

[1] P. Sigmund and A.f8cner, Europ. Phys. J. D 58 (2010) 105.

[2] C. Vockenhuber, J. Jensen, J. Julin, H. Kettunen, M. Laitinen, M. Rossi, T. Sajavaara, O.
Osmani, A. Schinner, P. Sigmund and H. J. Whitlow, Europ. Phys. J. D 67 (2013) 145.

[3] P. Sigmund, O. Osmani and Aifaer, Nucl. Instrum. Methods B 338 (2014) 101.
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Sajavaara, H. J. Whitlow, O. Osmani, A. Schinner and P. Sigmund (2014), presented at ICACS 26
in Debreca (unpublished).

O-25: Direct imaging of straggled ions for tegiown fabrication of Si:P qubits using atom
probe tomography

D.N. Jamieson (1J.0. Douglas (2), P.A.J. Bagot (2), M.P. Moody (2), J.C. McCallum (1), B.C.
Johnson (1), J.A. Van Donkelagr (1

(1) Centre for Quantum Computation and Communication Technology, School of Physics, University of
Melbourne, Australia
(2) Atom Probe Research Group, Department of Materials, University of Oxford, UK

Single®'P ions can be deterministically implanted { RRIgy ¢ 0 Ay (2 A’®R G2 LIA
substrates to build devices in which information can be encoded in the quantum states of the
31p donor electron spin or nuclear spin. In the case of the nuclear spin, coherent states can be
sustained with remarkabljong | times in excess of 30 s. Exploiting these results to build a
large-scale device requires careful architecture design consistent with the precision limitations
of the deterministic implantation method. Donor atom positioning no deeper than 20 nm
below the gate oxide and ion straggling constrains the implantation energy to below 14 keV and
preferably below 10 keV. Models for the straggling process, for example the Stopping and
Range of lons in Matter (SRIM) and cryStansport of lons In Matter RIM), allow for
constraints imposed by various effects to be evaluated. However, we have employed Atom
Probe Tomography (APT), to facilitate the measurement of-floence 14 keV*'P ions
implanted into Si with atomic scale accuracy. APT is based on gy hcontrolled field
evaporation of individual ions from the surface of a veharp needleshaped specimen. It
provides a 3D reconstruction of the distribution of implanted ions, typically within a volume of
80 x 80 x 200 nfn which can be imaged tospatial precision better than 1 nm and a chemical
sensitivity of less than 0.01 at.%. We observe that the experimental depth profile has a FWHM
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of 20 nm with a depth consistent with the SRIM simulations. Further work will refine these
measurements and Bw us to apply these experimental constraints to the design of a large
scale device fabricated with the tegown deterministic ion implantation method.

0O-26: Stopping power study of H and He in Hydropaxyapatite films: A study with implications
in ion-beam therapy

M. Behar (1)R. GarciMolina (2), I. Abril (3), N.R. Arista (4), R. C. Fadanelli (5)
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lon-beam therapy § a promising technique to treat deeygated tumors. However for an
accurate treatment planning, the energy deposition by the ions must be well known both in
soft and hard tissues. Although the energy deposition in soft tissues is well determinate the
sameis not true concerning hard tissues (i.e., bones). In particular more knowledge is needed
for the main constituent of the human bone, calcium hydroxyapatite (HAp) which constitutes
58% of its mass composition. Moreover the HAp is considered as a bioahdecause it forms

a strong bond with the human bone. In the present work, the energy loss of H and He in those
films was determined experimentally for the first time. The experiments were performed using
the Rutherford backscattering technique in an egerange of 25@000 keV for H and 300
5000 keV for He. The corresponding theoretical calculations derived from the dielectric
formalism[1] and a proper description of the HAp electronic excitation spectrum shows a nice
agreement with the experimental dat Even though the experimental results were obtained at
rather low energies as compared with the ones used fortimrapy, they validate the mean
excitation energy | obtained theoretically. This parameter is the fundamental quantity to
accurately assese energy deposition and depth dose curves of ion beams at clinically relevant
high energies. The effect of the mean excitation energy choice on the diysh profile is
shown by the SEICS cod2], which is based on molecular dynamics and Monte Carlo
techniques. This program shows that there is a significant difference between the present
results and the theoretical ones obtained by using the Bragg rule. Finally in this presentation we
show how the fundamental physics inspired studies, such as the presentave implications

in the field of ionbeam cancer therapy where an accurate knowledge of the energy by swift
ions is required by a proper treatment planning.

[1] M. Behar, R. C. Fadanelli, I. Abril, R. GMoiaa, L. C. C. Nagamine, and NARSta, Phys.
Rev. A 80, 062901 (2009).

[2] R. GarciaMolina, I. Abril, S. Heredi&avalos, I. Kriakou, D. Enfietzoglou, Phys. Med. Biol. 56,
6475 ( 2011).
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O-27: Neutralization and wake effects on the Coulomb explosion depth profiling
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Australian National University, Canberra, Australia 0200

The Coulomb explosion of small cluster beams can be used to measure the dwell time of
fragments traversing amorphous films [1Therefore, the thickness of thin films can be
obtained with the secalled Coulomb depth profiling technique using relatively high cluster
energies where the fragments are fully ionized after breakup. Here we demonstrate the
applicability of Coulomb depth rpfiling technique at lower cluster energies where
neutralization and wake effects come into play. To that end, we investigate2D8&eV/u H'
molecular ions impinging on a 10 nm Tim and measured the energy of the backscattered

H" fragments with hgh-energy resolution. The effect of the neutralization of theftagments
along the incoming trajectory before the backscattering collision is clearly observed at lower
energies through the decrease of the energy broadening due to the Coulomb explosen. T
reduced values of the Coulomb explosion combined with full MeDaelo simulations provide
compatible results with those obtained at higher cluster energies where neutralization is less
important. The results are corroborated by electron microscopy mesasents.

[1] S. Shubeita, R. Fadanelli, J. Dias, and P. Grande, Surface Science 608, 292 (2013).
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of energies 0.£0.6 MeV/n by Timeof-Flight spectrometry
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The energyloss straggling oFCu,?8Si,'°0 and™“Cpartially stripped heavy ions cssingsilicon

nitride foils has been determined over a continuous range of energied®GIMeV/n, by using

a method based on the Heavy IqrElastic Recoil Detection Analysis-BRDA) technique using

a Time of Flight (ToF) spectrometdihe obtained enayy loss straggling values corrected for
nond U GAAGAOL § A0NY 33fAYy3 YR GKS GKAOlySaa
been analyzed and compared with the corresponding computed values including different
contributions: electronic, nuclear anelectronic binding straggling. For computed electronic
straggling we have used alternatively the widely used formulations such as, Bohr,- Bethe

68



Livingston and Yang formulas. The aim of such comparison is to check the reliability and
accuracy of the existingnergy loss straggling formulations, in the light of the present
experimental resultsThe experimental results of energy loss straggling of all ions are found to
be greater than those predicted by the theories. These differences can be attributed to the
charge exchange stragglinghis effect has to be taken into account in order to explain the
obtained results.

0O-29: MultiSIMNRA: a computational tool for setfonsistent ion beam analysis using SIMNRA

T.F. Silvgl), C.L. Rodrigues (1), M. Mayer (2)VMMoro (1), G.F. Trindade (1), F.R. Aguirre (1),
N. Added (1), M.H. Tabacniks (1)
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Computational tools always played an important role in the data analysis of IBA techniques
during its historical development [1]. Many advances occurred in the comprehension of
physical processes and measurement system effectsayawfollowed by advances in
computational modeling [2]. A recent and well succeeded case is SIMNRA [3], which is a
software widely adopted by the IBA community. Its strength lies on trusted modeling of the
physical processes involved in the scattering Wateon and measurements system effects. It
was recently reported that upgrades can be expected for its new version concerning the
skewness of energy spread distributions, improved handling of reaction-seati®ns with
structure, generalized layer roughss, and sample porosity [4]. Another important software is
DataFurnance, that uses advanced algorithms to minimize an objective function to fit energy
spectra in scattering analysis [5]. The DataFurnance software is able to handle simultaneously
and seliconsistently different IBA spectra obtained by multiple techniques applied in the same
sample [6,7]. This approach ensures the reliable and unequivocal modeling of the sample [7],
but equally important, the selfonsistent analysis inherits the accuradytiee most accurate
component of the analysis [8,9]. SIMNRA still remains the most cited software according to
reference [2].

Taking advantage of the recognized reliability and quality of the simulations provided by
SIMNRA, we developed a mygtiocess pogram for a seltonsistent analysis based on SIMNRA
calculations. MultiSIMNRA also uses computational algorithms to minimize an objective
function running multiple instances of SIMNRA. With four different optimization algorithms
available, the code camandle sample and setup parameters (including correlations and
constraints), to find the set of parameters that best fits simultaneously all experimental data.
MultiSIMNRA has been tested in several situations, ranging from the analysis of simple multi
element thin films, up to very complicated multiyered samples, that included 35 independent
spectra being fitted simultaneously. The extreme case of 120 spectra generated by simulations
were fitted as test, showing that MultiSIMNRA can handle a massivebaurof spectra
simultaneously and setfonsistently.

[1] Rauhala E.,NIM B 244, 2006, 455.
[2] Mayer M., NIM B 269, 2011, 308613.
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[6] Barradas N.P., NIM B 161, 2000,-303.

[7] Jeynes C., et.al, NIM B 271, 2012,-103.
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0O-30: ERYAProfiling: @de for depth profiling of light elements in inhomogeneous samples
by PIGE

L. Martins (1)M. Fonsecd41,2), C. Santos (1), H. Silva (1), A.P. Jesus (1)
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Campus de Caparica, 282396 Caparica, Portugal
(2) Universidade Europeia| Laureate International Universities, 3500 Lisboa, Portugal

ERYA (Emitted Radiation Yield Analysis) code was developed in order to implement a PIGE
standard free method for tick samples [1]. To achieve this, ERYA contains a database with
several nuclear reaction excitation functions which are used to calculate the corresponding
gammaray Yields. However, ERYA code is only able to analyze samples with homogeneous
concentrationsacross the depth. Thus emerged the need to develop a new code.

This work presents the ERYAProfling code, which was developed for quantitative analysis/depth
profiling of light elements by a standaftee PIGE technique in samples with inhomogeneous
concerirations across the depth.

hyS 2F (GKS YIFIAY OKINIOGSNAaGAO 2F GKAA O2R
2NRSNJ 12 RSGSNXYAYS (KS o6SIFYQa SySNHeé& RAadl
straggling is implemented based on theo@li f Y2 RSt a® C2NJ NBf Il A JSt
SYySNHe aiN)y3I3IftAy3d A& RSaAaONAROSR o6& | DIFdzaaal
energy straggling is described by Landau or Vavilov's distributions. For the calculation of the
beam's energy idtribution, the beam's natural resolution and the Doppler's thermal
broadening are also accounted for.

S
NJ

To calculate the gammiay yield from each depth the code uses the corresponding excitation
function (which is stored in a useditable database) anche beam's energy distribution for
that depth. The inclusion of the excitation function is a novelty feature of this code when
comparing with the existing codes for PIGE depth profiling, which instead only use narrow
resonances of the excitation functionhi¥ feature allows a simulation of a more realistic profile
for the cases where more than one resonance significantly contributes to the gamymaeld.

Experimental results have been obtained from known samples and compared with
ERYAProfling calculat®nn order to validate its performance.

[1] MATEUS, R., JESUS, A.P. & RIBEIR® ddele for quantitative analysis of light elements in
thick samples by PIGE. Nuclear Instruments and Methods in Physics Research B. ISSN 0168
583X, Vol. 229 (2005) p. XBD8
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O-31: Spectrum simulation of rough and nanostructured targets from their 2D and 3D image
by Monte Carlo methods

F. Schiettekatte
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Corteo is a program that implements Monte Carlo (MC) method to simulate ion beam analysis
(IBA) spectra of several techniques by following the ions trajectory until a sufficiently large
fraction of them reah the detector to generate a spectrum. Hence, it fully accounts for effects
such as multiple scattering (MS). Here, a version of Corteo is presented where the target can be
a 2D or 3D image. This image can be derived from micrographs where the diffengmbwods

are identified, therefore brining extra information into the solution of an IBA spectrum, and
potentially significantly constraining the solution. The image intrinsically includes many details
such as the actual surface or interfacial roughness,actiual nanostructures shape and
distribution. This can for example lead to the unambiguous identification of structures
stoichiometry in a layer, or at least to better constraints on their composition. Because MC
computes in details the trajectory of thens, it simulates accurately many of its aspects such
as ions coming back into the target after leaving itdrery), as well as going through a variety

of nanostructures shapes and orientations. We show how, for example, as the ions angle of
incidence lecomes shallower than the inclination distribution of a rough surface, this process
tends to make the effective roughness smaller in a comparable 1D simulation (i.e. narrower
thickness distribution in a comparable slab simulation). Also, in ordered namtstes, target
re-entry can lead to replications of a peak in a spectrum. Other improvements to Corteo
include obtaining energgepth maps that can be used to simulate the spectrum of IBA
techniques based on photon emission such as PIXE and gemittang NRA. Finally, we show
how, in thin layers made of heavy elements on light substrates, the broad background due to
wide-angle MS in RBS is mainly due to ions flying parallel to the surface inside the heavy layer
and scattering a second time. This coulthe basis of an analytical model to account for this
particular case of double widangle scattering.

0O-32: VIBALab 4.0: Computer program for Simulation and Quantitative analysis of PIXE, XRF
and RBS Spectra

Lh NI AM.2 6 MH@)y1Mekterok 8 OHUX 5® aS{TUSNROAS oOmMO

(1) Department of Physics, University of Rijeka, Croatia
(2) Faculty of Electrical Engineering, University of Zagreb, Croatia

VIBALab computer program was originally developed as an interactive software package for
simulationof Particle Induced-Ray Emission (PIXE) and Backscattering Spectra (BS) for a wide
range of experimental parameters and layered sample composition. The program is now
upgraded with a number of new features. To enable program to run on all major operating
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systems (Windows, Mac OS, Linux) new, JavaFX based Graphic User interface (GUI) is
implemented. Physics routines, originally written in Fortran 77 and C++ are translated into Java
programing language. In terms of functionality, several new features atedad

1. Besides simulating PIXE and BS spectra, user can now simiiaie Ffuorescence (XRF)
spectra as well;

2. Spectrum fitting routine is added so user can perform quantitative analysis of samples
excited with multiple, PIXE and XRF excitation ssjrc

3. Various auxiliary programs are available to calculate and graphically display functions like
detector efficiency, mass attenuation coefficients, various theoretical approximations of
ionization cross sections for K and L shells as well as fundaheomic parameters such as
CosterKronig transition probabilities, fluorescence yields and emission rates from the most
commonly used references.

0O-33: Combination of RBS/C and Raman techniques for the investigation of the SNEEL
phenomenon in ionirradiated materials

[ & ¢ K29 giro M @G. Velisa (2), A. Debelle (1), F. Garrido (1), G. Sattonnay (1), P.
Trocellier (2), Y. Serruys (2)

(1) CSNSM, CNRIS2P3! vy A @S NESud, E91405-Oxshya France
(2) CEA, DMN/SRMP/Laboratoire JANNUEL, 1P 1Gif/Yvette Cedex, France

Very recently, a new phenomenon called SNEEL (Synergy between Nuclear and Electronic
Energy Losses) was discovered to take place in some solids irradiated with a d@alddwgh

energy ion beam [1,2]. This process induces amgjrdecrease of the damage induced by
ballistic collisions generated by slow iong)(8a sekhealing mechanisms due to ionization
from the electronic energy loss of swift ions)(SThis paper presents studies performed in
order to make strides in thenderstanding of the SNEEL phenomenon occurring in SiC. The
combination of RBS/C and Raman techniques were used to characterize the damage
accumulated during the various irradiation steps. Results show thatlskaah irradiation of SiC
induces a dramatic @nge in the final sample microstructure with a substantial decrease of
radiation damage as compared to singeam irradiation. Actually, a defective layer containing
dislocations is formed upon dubkam irradiation (&), whereas single lownergy
irradiation (§ alone) or even sequential {&) irradiations lead to full amorphization. The
results presented in this paper present a crucial interest for both fundamental studies and
industrial applications. Concerning the operating cycle of future nualeactors, expected
synergetic 3S. effects may lead to a strong reduction of the damage production allowing the
preservation of the physical integrity of materials submitted to severe irradiations.
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O-34: Graphene to Graphane Transition Induced by Highly Charged lon Irradiation

P. Ernst (1)R. Kozubek (1), J. Hopster (1), T. Balgar (2), J. Weber (2), M. Schleberger (1)
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Since its isolation in 2004 by Geim and Novoselov, graphene has attraced a lot of attention

from researchers of various fields. Although its intrinsic physical properties are extraordinary

when it comes to charge carrier mobility, thermal conductivity, mechanical strength, etc., some
applications will require modifications of pristine graphene. Onesgility consists of
introducing defects into the graphene lattice to e.g. create nanopores in graphene for
ultrafiltration filters. Furthermore, the presence of defects affects the adsorbtion of adsorbates

on graphene and can be used to create grapheeevatives like fluorographene, graphene

oxide or hydrogenated graphene (al so called graphane).

In this contribution it will be shown, that highly charged ions (HCI, ions with a relatively low
kinetic energy and a high potential energy due to theiargfe state) provide a powerful tool to
introduce defects into a graphene sheet [1,2]. These projectiles are interacting with matter
primarily via electronic excitation exclusively in the first few nanometers at the surface. Using
atomic force microscopy ahRaman spectroscopy, defects due to the HCI irradiation can be
observed in graphene. Interestingly, the defects are not of topographic nature but can only be
observed in the friction image. Additional sum frequency generation measurements indicate
that upon ion impact, graphene is locally hydrogenated. Finally in situ transport measurements
of an irradiated graphene field effect device are presented which allows us to correlate the
effect of the local hydrogenation with the charge carrier mobility and dgmf the modified
graphene device.

[1] Hopster et al. 2D Materials 1:011011 (2014)
[2] Wilhelm et al. Phys. Rev. Lett. 112:153201 (2014)

O-35: A new protocol to evaluate the charge collection efficiency degradation in
semiconductor devices induced biyieV ion beam irradiation

E. Vittone (1)A. Simon (2,3)

(1) Physics Department, University of Torino, via Pietro Giuria 1, 10125 Torino, Italy

(2) International Atomic Energy Agency, Vienna International Centre, PO Box 100, 1400 Vienna, Austria
(3) Insttute of Nuclear Research of the Hungarian Academy of Sciences, (ATOMKI), P.O. B®0%1, H
Debrecen, Hungary

Focussed MeV ion beams are ideal tools to investigate the effects of radiation induced
displacement damage on the electronic performances ohisenductor device. Their main
advantage is that ions can be used as projectiles to induce damage in the bulk material and as
ionization probes to study the effects of radiatiomduced defects on the charge collection
efficiency. Actually, as a damagingpl, beside the broad energy range and ion type, i.e. ion
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range, they offer the advantage of a) a fine control of the ion beam current, b) an accurate
determination of the ion fluence and c) area selective damage with high lateral resolution down
to the micrometer scale. In parallel, the lon Beam Induced Charge (IBIC) technique provides a
powerful experimental method to probe the electronic properties of semiconductor devices. By
using suitable computational tools to predict ionization and defect prodacpmfiles as well

as a robust model for the induced charge mechanism, the degradation of charge collection
efficiency (CCE) as function of radiation displacement damage can be properly interpreted and
predicted. In order to exploit these advantages, ap&rimental protocol has been developed
with the aim to establish a methodology for identifying key parameters that will subsequently
allow the prediction of CCE degradation in the low damage (i-@nteoaction between created
defects) regime. Initiallythe protocol was applied to Si pin diodes irradiated by focused MeV
light ions. Several experiments were performed in different laboratories using various ion
energy combinations both to induce defects and to probe their effects on the electronic
performances of the devices. The experimental data were interpreted by a comprehensive
theoretical model, based on the theory of charge induction in semiconductor devices, using as
input parameters, the ionization and vacancy profiles calculated by the SRIM ARLO@WE
codes. The model is capable to properly simulate the degradation of the charge collection
efficiency in the low damage regime and suitable to extract key parameters, such as the carrier
capture cross section, which are in good agreement with datilae in the literature or
evaluated through other complementary techniques (i.e. DLTS). The potential of the
experimental and theoretical methodology is finally discussed through several examples to
compare the intrinsic radiation hardness of differenaterials and devices.

This work was carried out within the International Atomic Energy Agency (IAEA) coordinated
NE&aSkNOK LINR2SOU 6/ wt b2d Cmmamcy 2y a! GAf
Modelling lon Induced Radiation Defects in SemicoddBcNE YR Ly adzZ F 62 NERE @

0O-36: A modified driftdiffusion model for evaluating the carrier lifetimes in radiation
damaged semiconductor detectors

J. Garcid.opez (1)C. JimeneRamos (2), M. Rodrigu&amos (2), J. Fornieris (3), J. Ceballos
(4)

(1) Deptof Atomic, Molecular and Nuclear Physics. University of Sevilla. Av. Reina Mercedes s/n. 41012
Sevilla, Spain

(2) CNA (U. Sevilla, J. Andalucia, CSIC), Av. Thomas A. Edison 7, 41092 Sevilla, Spain

(3) Experimental Physics Dept./NIS Excellence Centre,rsibjvaf Torino, and INFSez. di Torino via P.
Giuria 1, 10125 Torino, Italy

(4) Institute of Microelectronics of Seville, IMGEM (CSIC/University of Seville), Seville 41092, Spain

The transport properties of a series of n andype Si diodes have baestudied by the lon

Beam Induced Charge (IBIC) technique using a 4 MeV proton microbeam. The samples were
irradiated with 17 MeV protons and fluences ranging from %10 1x10° p/cm? in order to
produce a uniform profile of defects with depth. The arsd of the charge collection efficiency
(CCE) as a function of the reverse bias voltage has been carried out using a modified drift
diffusion (BDD) model which takes into account the possibility of carrier recombination not only

in the neutral substrateas the simple ED model assumes, but also within the depletion region.
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This new approach for calculating the CCE is fundamental when the drift length of carriers
cannot be considered much greater that the thickness of the detector due to the ion induced
damage. From our simulations, we have obtained the values of the carrier lifetimes for the
pristine and irradiated diodes, which have allowed us to calculate the effective trapping cross
sections using the one dimension ShocKRsadHall model. The resultef our calculations
have been compared to the data obtained using a recently developed Monte Carlo code for the
simulation of IBIC analysis, based on the probabilistic interpretation of the excess carrier
continuity equations.

O-37: Determination of reombination radius in Si for Binary Collision Approximation (BCA)
codes

G. VizkelethyS.M. Foiles

Sandia National Laboratories, USA

Displacement damage caused by ions or neutrons in microelectronic devices can have
significant effect on the performanaaf these devices. Therefore, it is important to predict not

only the displacement damage profile, but also its magnitude precisely. Analytical methods and

BCA codes working with amorphous targets use the concept of displacement energy, the
energy that a lice atom has to receive to create a permanent replacement. It was found that
GKAa GRAALIFOSYSyid SySNHeé&¢ Aa RANBOGAZY RSLIS
Obviously, this model fails in BCA codes that work with crystalline targets, sudarksve.

Marlowe does not use displacement energy; instead, it uses lattice binding energy only and

then pairs the interstitial atoms with vacancies. Then based on the configuration of the Frenkel

pairs it classifies them as close, near, and distant painsl considers the distant pairs the
permanent replacements. Unfortunately, this separation is an ad hoc assumption, and the
results do not agree with Molecular Dynamics (MD) calculations. After irradiation, there is a
prompt recombination of interstitial and vacancies if they are nearby, within a recombination

radius. In order to implement this recombination radius in Marlowe, we used the comparison of

MD and Marlowe calculation in a range of ion energies in single crystal silicon target. The
calculatt yda aAK2gSR GKIFG | aAy3atsS NBO2YoAYyl A2y NI F
energies gives an excellent agreement with MD.

0O-38: Elemental signature of memory recall

P. Jobim (1)C. dos Santos (2), P. Pelicon (3), L. Jeromel (3), M. Dowa /Méncar (4), J. Dias (1)
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The aim of this work is to obtain elemental maps of rat brain tissues duringattfetages of
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memory formation and recall. The experiment was performed considering four distinct
situations related to different stages of Inhibitory Avoidance (IA) task according a protocol
which we developed to study memory formation and maintenanceaits. Such situations
correspond to: (1) control grou@ rats where we could found the baseline concentration of Cu,

Fe, Zn, Ca, Cl, K, Mg, Na, P and S. Those Trace Elements (TE) are participating direct of memory
formation and maintenance; (2) IA memowyination ¢ rats passed through IA training session

to established a new memory related to association between the electrical shock and the
dangerous context in which the shock was applied; (3) IA weak memory reetdl passed

through IA training sessiailw formed a memory and a day later, accessed the context in which

the memory was formed with a single reactivation session of 15 seconds; (4) IA strong memory
recall- the animals passed basically through the same experimental protocol as groups 2 and 3
with three long reactivation sessions (3 minutes each). All rats were sacrificed at the same time,
under the same conditions. The tissues were immediately cryofixed in liquid propane cooled by
liquid nitrogen and then freezdried. The samples were craesectioned with an ANCAP
ONB2aGFdG 6! b/ 1t {n2 tldA2Y . NIXYTAfO0OdP ¢KS ONER
6KS aSOlAz2yAy3 GKAOlySaa ¢+a don >Y® { | YLI S
film. Micro-PIXE analysis was performed using th@fuSl NJ YA ONRLINRG6S I {
Institute (Ljubljana, Slovenia). A proton beam with energy of 3 MeV and a diameter varying
FNRY ™M >Y G2 wmModp >Y |4 A2y OdANNByda NIy3IAy:
indicated that the TE concentration pattedoubles after the acquisition of new memory and

its subsequently formation. The only exceptions were observed for Ca and Fe, whose baseline
have the inverse ratio. All TE showed the same concentration patternetpesure in the test

session. A singlbrief reactivation causes a decrease of the TE concentration. Moreover, TE
levels restored to the same level presented during memory formation when reactivation was
long and happened three times. These results may suggests that: (a) TE indeed participates
memory formation and maintenance processes and it can be studied by PIXE; (b) TE related to
memory formation also display a hole in the recall process and their concentrations have a
positive direct relationship with the total or partial IA MT recdt) the phenomenon of
reconsolidation can actually mean something but a simple second consolidation based on TE
concentration pattern.

0O-39: Towards RBS/EBS mapping at the AGLAE facility: a new implement to apprehend
Cultural Heritage materials

C. Pachex(1) J. Colaux (2), M. Radepont (1), L. Pichon (3), Q. Lemasson (1), B. Moignard (1), L.
Robinet (1)
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(2) Surrey lon Beam Centr&lodus Laboratory University of Surrey, Guildford,Surrey GU2 7XH, United
Kingdom

(3) Centre de Recherche sur la Conservation (OBER3224 CNRS/MNHN/MCC)

The noninvasive study of Cultural Heritage objects By Igives precious information on their
provenance, manufacturing process or conservation state, which are essential issues for AGLAE
dzZa SNE 0OdzN» 62NRZ O2yaSNIFG2NAZ | NOKFS2f23Aa
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investigate layers at the sw@a€e such as restoration products, degraded or corroded surfaces,
YSGITtEtAO €SIF RSO2NI GA2yaz ylILy2LI NIAOESa SyoS
In the frame of the New AGLAE project (grant ANEQPX22), a multiparameter acquisition

system has been coupled tovartical magnetic deflection of the beam and an XY stage allowing
sample mapping over an area of interest of several centimeters with a pixel resolution of
G@LAOIT & nnrayi gammanandkbdckscaltered particle events are simultaneously
recorded in list mode file used by our homemade software for rebuilding the matrix of any
detector and/or rebin the data with different pixel size dlihe.

GUPIXWIN is conveniently used to extract quantitative data from the PIXE spectra recorded for
each pixé of the maps. To obtain reliable depth profiling information we used the IBA

5F G CdzZNy I OSZ gKAOK Aa 2yS 2F GKS aySg 3ISYySNI
selfconsistently.

In this work, we will show the methodology followed to establish gpro&the thicknesses of

the metallic leaf present in an ancient ¢itather artifact. Used all over Europe between the
16" and the 18' century, these decorations were made by applying a silver leaf to leather, then
covered with a yellow varnish givinggald-like appearance. The composition and thickness of
the silver leaf could be precious information in determining the provenance of the artwork as
well as understanding the factors influencing the degradation of the silver leaf.

The first results obtaied by RBS/EBS will be presented and the influence of various parameters
from the setup (determination of the charge at atmospheric pressure, solid angle, electronic
JFAYX0 FYyR GKS GFNBSG o0adaNFIFOS YR adz@ed NI 4GS
discussed.

O-40: Capabilities of miniature high resolution-bay spectrometer at the ion microprobe
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Particle induced Xay emission (PIXE) technique is widely used as a routine tooleioreatal
concentration determination in samples irradiated with MeV energy protons. Although small
variations of Xay intensity ratios or energies due to chemical effects can be observed with
energy dispersive detectors like Si(Li), Ge and/or SDD [1], aheysually ignored. Using
wavelength dispersive spectrometers fine structure ai¥{ spectra is revealed, clearly showing
chemical effects and setting ground for chemical speciation applications. Recently we employed
simple high energy resolution crystfray spectrometer to study chemical effects on broad
0SFEY tL-9 Xay $pde@eSoR3d ¥ansition element compounds [2, 3, 4, 5]. Based on
the experience gained with broad beams, we designed and constructed downsized wavelength
dispersive Xay WWDX) spectrometer for application on microscopic samples utilizing
micrometer beam size available at our ion microprobe. Development of the spectrometer
included several stages: optimization of spectrometer geometry wilayXtracing program
XTRACE [6, ,78lesign of dedicated vacuum chamber housing flat crystal, sample holder and
charge coupled device (CCD) amydetector and development of image processing procedure
for transfer of Xray images to energy dispersive spectra. In this work we will desaily
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system and each construction step followed by discussion about its advantages and limitations.
Effect of chemical environment on high resolutionafd K spectra will be shown for several
silicon compounds and silicates irradiated with 2 MeV protons. Same compounds are used to
study variations of intensity distributions in Isatellites induced with 20 MeV carbon ions.
Spectrometer capability to giinguish sulphate from sulphide compounds based on chemical
effects on K sulphur spectra will be presented. We will also demonstrate ability of
spectrometer to separate K and My lines which are usually irresolvable with energy
dispersive detectors.

OM8 { db dC .1 2AQ/MEESAA D da B RN Sectrom. 28 (2013) 1725
A

WHB {® CITAYAdZ ad WEH{OAGE [P al yRAGE W 520
B[ @ alyRAOX {® CITAYAGZ ad WH{OAGI t Kead wS¢«
oné {® CWIAVY¥BRAGTI ad YIFIP6A6Z Ld .20A65FA63 W
wp8 {® CITAYASZ [® al yRAOZEZ ad YI B6A6MBI. LD . 20
wcB ¢d ¢IRAST ad W OARIONRWL . 20A6SPA6S - NI @
[7]T.Tad 6 ad WH]1OA0Z Ld .20A6S0A06 - NIeée {LSOI

O-41: Structural properties of SiGe nanopatrticles in LPC\{N,Si

S. Mirzaei (1)F. Kremer (1), D. Sprouster (2), M. Ridgway (1)

(1) Department of Electronic Materials Engineering, The Australational University, Canberra, ACT,
Australia

(2) Department of Nuclear Science and Technology, Brookhaven National Laboratory, Upton, New York,
USA

Semiconductor nanoparticles (NPs) are novel material systems that lie between the molecular
and solidstate regimes with unique properties largely controlled by their size and shape. Due
to their exceptional optical and electrical properties, semiconductor NPs have direct
applications in optoelectronic and nerolatile memory devices. Of particular interemte Ge

NPs embedded in a dielectric matrix due to their ability to both emit ljghand store charge

[2].

Previous studies have investigated the structural and vibrational properties of Ge NPs
embedded in SigJ3]. Here, we discuss the structural prafies of SiGe NPs/nthesisedy ion
implantation in amorphous .

Ge ions, were implanted into arY | Y 2 NLBK fBnuzdverd gkown on Si (100) substrates.
Implantations were performed at temperatures of 400/ The resulting peak Ge concentrations
ranged from 0.3 to 12 at.%. In order to promote the growth of NPs, samples were annealed
postimplantation at 700, 900 and 11@0 for 1-10 hours under an Nambient.

Multiple techniques were used tacharacterisethe evolution of the structural propert® of
samples. The crystalline and amorphous components both as a function of concentrations, and
postimplantation annealing were quantified byrXy Absorption Spectroscopy. The formation

of a SiGe bonding environments with different composition, for ellamined concentrations

and temperatures was readily evident. Complementary Raman spectroscopy measurements
were also used to quantify the vibrational properties and composition of each sample and
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confirmed the postmplantation annealing and atomic conueation concentrationdependent
structure. Rutherford backscattering spectrometry and transmission electron microscopy
measurements also show evidence of a phase transition of the host matdgpendent of
atomic concentrationafter postimplant anneahg at 1100c / Crystallisationof the nitride
matrix was found to facilitate the rapid diffusion of Ge atoms to the $iSnterface. Here, we
discuss the role of implantation and pestplantation conditions on the growth of NPs in a
SN matrix and ompare the differences to that previously observed for Ge in.Size find
that both implantation and chemicahduced defects appear to be responsible for treious
structures that ensue with processing conditions. The complex mechamsspensible for
crystallisation of the matrixincluding consideration of structure disorder, loss ef &hd non
stoichiometry will be discussed.

[1] S. K. Ragt al,, Opt. Mater. 27, 948 (2005).
[2] C. J. Par&t al., Appl. Phys. Lett. 88, 071916 (2006).
[3] L. L. Aaujoet al.,Physical Review B, (2008).

0O-42: IBA analysis of Ircdoped BjSe; topological insulator

V. AlarcorDiez M. Eddrieff, I.C. Vickridge
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In three-dimensiond Topological Insulators (TIs), strong intrinsic spinit coupling generates

an insulator band inversion with spmomentum locking leading to creation of protected
Topological Surface States (TSS) due to -tewersal symmetry. These surface states are
described by helical Dirac fermions with a topological order, meaning that opposing electron
spin states generate opposing currerffs 2]. The topological nature with its spin texture is
extremely interesting from theerspective of using these materials in electronic technology:
such as quantum computing and spintronic devi¢gs However for such applications it is
necessary to be able to form a ferromagnetic TSS, therefore-tawersal symmetry has to be
broken. This may be attempted through doping with a magnetic dopant.

In this work, we have studied growth by MBE on GaAs (111) substrates of epitaS&)| 8i
topological insulator with a simple band structure, doped with Fe. Rutherford Backscattering
Spectroscopy (RBS), ion channelling, and heavy ion Elastic Recoil Detection Analysis (ERDA)
were applied. Nominal Fe/Bi atomic ratios were varied from 0 to 0.3fifms of 100 nm
thickness, either capped or uncapped with a thin Se or ZnSe layer to protect from oxidation.

In the undoped capped samples RBS shows stoichiometry very closgSte Bowever iron

doping introduces substantial variations of the Bi:Se¢ioraand both lateral and depth
composition inhomogeneity. Furthermore, in these doped samples significant light element
contamination is deduced from the RBS observations, including capped samples. ERDA
measurements currently underway will be presentedctinfirm this interpretation of the RBS
spectra.

The RBS spectrum fitting was performed with the NDF DataFurnace, which allowed extraction
of the layered composition, showing interface zones between the TI layers and both the
capping layer and the substea RBS showed significant disagreement with the nominal Fe
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doping and layer thicknesses. SynchrotroiRay Fluorescence (XRF) is therefore used as a
complementary method to determine Fe areal density. The implications of these observations
for the MBE grwth processes of doped films, and the prospects for obtaining intrinsically

ferromagnetic TSS are discussed.

[ ® Cdzz / ® [ ® YIYSS YR 9® Wd aSPByE Reéve 2 L2 2 -
Lett., vol. 98, no. March, pp.c&, 2007.

21/ ® - [AdzZ - [P VAZ | & %KFy3II - d 5FAI %D (
(2 L32f 23A Ol FRhysAR¢va R2ONHan? Nitex Klater. Physsol. 82, pp. ¢19, 2010.

[3] P. Roushan, J. Seo, C. YkBa Y. S. Hor, D. Hsieh, D. Qian, A. Richardella, M. Z. Hasan, R. J.

I @+ YR '® _ITRIYAZ a¢2LR2t23A0Ft &dz2NFI OS &
i S E G dNdBedval £460, no. 7259, pp. 1166109, 2009.

0-43: TRBS modelling of [SEE$pectra fundamentals and applications

t @ . NN Gdhl (BB Stéinbauer (2), P. Bauer (2), H.H. Brongersma (1)

(UION¢hC DYO6Il =X | SAaSYoSNHAGNY mMpI nymnd aNyadSNE I
(2) Johannes Kepler University Linz, Inst. of Exp. Physics, AltenBatds9, 4040 Linz, Austria

Due to its monolayer sensitivity, straigftirward quantification and good detection limits, low
energy ion scattering (LEIS) is routinely used in the characterization ofthitirdilms to
address analytical questions likayer closure, surface composition, diffusion processes, or
growth modes. For these applications, LEIS delivers essential information about the surface
composition, especially in the early phases of film growth, before a full monolayer is formed.
Nevertteless, the additional kdepth information contains valuable extra information about

the thickness of the film and the thickness distribution or interface quality. In the past, this in
depth information has mainly been exploited seempirically [1].

In order to get a more accurate description of the spectra and ultimately deduce a better
analytical result for the samples, a physical modelling of the spectra is required. One possible
approach is the application of TRBS [2] to simulate the scatteringrapés this software was
developed for much higher energies than those used in LEIS k&V), the application requires
some modifications and corrections to the parameters used in the program.

Another complication arises from the fact that LEIS etestatic energy analysers only detect
scattered ions, not neutrals, while TRBS only handles the particle kinematics. Consequently, the
ion fraction has to be handled independently. We found a way to measure the ion fraction and
apply it to the simulated sgrtra from TRBS to fit the measured data. In addition to presenting
the progress in our methodology [3] to model thedepth signal of LEIS spectra in general, we
will also show results from several applications. These applications includgAH@ films
manufactured by atomic layer deposition (ALD) as well as other thin film system, e.g. Ru liners
for advanced interconnects on 7and Mnbased barriers.

[1] R. ter Veen et al., J. Vac. Sci. Technol. A 31, 01A113 (2013).
[2] J. P. Biersack et al., Nluast. and Meth. in Phys. Res., B61, 1991877
woB td . NNYSNI SG [fdx WP I O {OAP ¢SOKy2f @
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O-44: Study of diamond membrane detector aiming at higkdjficient and positiorsensitive
particle detection for ion beam applications

T. Kamiya (1)W. Kada (2), Y. Kambayashi (2), T. Makino (1), S. Onoda (1), T. Ohshima (1), N.
Iwamoto (3), S. Shikata (4), Y. Mokuno (4), H. Umezawa (4), M. Pomorski (5), V. Grilj (6), N.
{ldAAty 6c0vxX ad WFE]{OAG 6co

(1) Japan Atomic Energy Agency (JAEA), Takasakia@781292, Japan

(2) Graduate School of Science and Technology, Gunma University;fiaafint5-1, 3768515 Kiryu,

Japan

(3) Centre for Materials Science and Nanotechnology, UniversidslofN-0316 Oslo, Norway

(4) Research Institute for Ubiquit@uEnergy Devices, National Institute of Advanced Industrial Science

and Technology (AIST}8131 Midorigaoka, lkeda, Osaka 58377, Japan

(5) CEALISTDiamondSensord.aboratory ~91191Gifsur-Yvette,France
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Detection technology for high energy particles or ions is important not only in the field of high
energy physics or astrophysics but also for ionrbegpplications including micrelectronics,
biology and also therapy. Highly precise beam control is crucial for such applications, because in
interaction with material high energy heavy ions have a high linear energy transfer (LET). The
irradiation effectby individual heavy ions with energy higher than MeV/u is investigated and
utilized in biological applications or particle therapy. In these applications, it is also important to
detect efficiently individual ions while irradiating sample in the atmosphavith requirement

to have high positional accuracy. To this demand, we proposed diamond membrane for a beam
exit window as well as for a single ion detector, because of its excellent physical and electrical
properties that were reached with improvement ibs fabrication technology [1].

In this study, diamond membrane detectors were made to test the performance as particle
detectors by measuring charge collection properties and the irradiation effect using various

high energy ion beams. Microbeam systeaisTIARA facility of Japan Atomic Energy Agency,
¢r1rariA WHLIY FyR GKS A2y | OOSt SNI 2N FI OAf
been used. In addition, alpha particle induced charge transient spectroscopy (APQTS) using
alpha source antieavy ion induced charge transient spectroscopy (HIQTS) using the heavy ion
microbeams were performed. These techniques were used to investigate the defect levels in
diamond and to explore their influence to the performance of detection. This paper estlin

the project which is being advanced in an international collaboration with Japanese and
European scientists.

This work was partly supported by Quantum Beam Technology Program of the Ministry of
Education, Culture, Sports, Science and Technology (MEXWI LJ- Yy G KS LINR 2SO
highSyY SNA& A2y YAONROSIY GSOKyz2f23& F2NJ y20St |
JapaneseéCroatian Cooperative Program on Materials Science of the Japan Science and
Technology Agency and the Ministry of ScenEducation and Sports of the Republic of
Croatia, and GranAn-Aid for Scientific Research (A), 26249149 MEXT.

OoMB8 +@d® DNRf2>X bd {|dzllyZ ad t2Y2NR]1AZ 2 YI RI
Appl. Phys. Lett. 103 (2013) 2431D4.
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0O-45: Concept of single ion detector for deterministic ion implantation at the nanoscale

D. Spemann (1)).W. GerlactR), S. Rauschenbach (3), B. Rauschenbach (1,2), J. Meijer (1)

6MO LyaidAaddziS FT2NJ 9ELISNAYSyiGlt tKeaada LLYI ! yAGDS
Single lon Implantation Lab, Permoserstr. 15, 04318 Leipzig, Germany

(2) LeibniZnstitute of Surface Modification, Permoserstr. 15, 04318 Leipzig, Germany, Joint Single lon
Implantation Lab, Permoserstr. 15, 04318 Leipzig, Germany

(3) MaxPlanckinstitute for Solid State Research, Heisenbergstr. 1, 70569 Stuttgart, Germany

Nowadaysthe ability to endow functionality to single atoms or molecules in materials becomes

of increasing importance in nanotechnology. Atoms can be used as switches, single photon
sources or quantum mechanical objects, e.g. for information processing and guoantu
computing. Deterministic ion implantation, i.e. the implantation of a counted number of ions,
with a lateral accuracy of a few nanometers is one approach to achieve this goal. However,
counting lowkeV single ions with high detection efficiency is diffic techniques used so far
include secondary electron detection [1] or ion beam induced charge [2] caused by the ion
impact. lon traps have been used as single ion sources as well [3]. All these techniques have
their individual limitations, e.g. the reqement for the implanted material to act as an efficient
secondary electron emitter or particle detector or the restriction to specific atoms and
substantial experimental effort in case of ion traps. Our planned approach to deterministic ion
implantation uses a commercial Focused lon Beam (FIB) system equipped with a dedicated
single ion source. The latter one comprises an ion source, an E x B filter and a single ion
detector which allows to detect the ion prior to injection into the FIB system, makingpthe
detection independent from the properties of the implanted material. We discuss the concept
of a single ion detector which preserves the very low emittance of the ion source required for
ion injection into the FIB.

[1] T. Matsukawa et al., Appl. BuSci. 117/118 (1997) 677
[2] J.C. McCallum et al., Adv. Mater. Sci. Eng. 2012 (2012) 272694 [3] W. Schnitzler et al., Phys.
Rev. Lett. 102 (2009) 070501

0O-46: Technology steps to fabricate a thin Silicon Carbide membrane based particle detector

JRIon(1F ad® {@@N2NNIBA OHOX vad 2y3a 6003 wod |1
Kristiansson (2), E. J. C. Nilsson (3), L. Ros (1)

(1) Physics Department, University of Lund, Box 11:22%B0 Lund, Sweden

GHO [AY 1] LIAY3 | tyiPrySASECRhenBtdy arsl BibdigphaBEwSyo [ Ay 1| LAYy 33
(3) Graphensic AB, Teknikringen -8 oon [ Ay 1|l LAy 3z { 6SRSY

(4) Sensor System, ACREO Swedish ICT AB, Box 10640 25Kista, Sweden

Thin ion transmission detectors are of interest invesal application areas that span over a
wide range, for example as a part of a telescope detector for mass and energy identification but
also as a preell detector in a microbeam system for studies of biological effects from single
ion hits on individualiving cells. Such single ion thin detectors were previously fabricated by
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membranes are the active part of the detector where passing MeV ions deposit a small part of
their kinetic energy. However, silicon detectors show noise and single protons are not easy to
measure. In addition, beam damage may limit the detector lifetime. We propose a structure of
graphene on silicon carbide (SiC) as a concept for a transmissaton pdetector with low

noise. Generally, noise is related to the leakage current, which fe®i€Hs several decades
lower than for silicon due to the difference in bandgap (3.3 vs 1.1 eV). In our proposed
structure, we will use graphene as a contact aerail that collects carriers generated by protons

at the inner cavity of the membrane and graphene covers the inner cavity all the way to the
backside of the SiC substrate. This can be used to evaluate the number of protons by a change
in electrical condutivity of the graphene. A great experimental advantage in many scenarios is
the physical strength of SiC which allows it to be used as a combined vacuum window and
detector. The hardness of SiC is, however, a challenge in the fabrication process tadigate
membrane inside of a deep etched cavity. We have used ICP technique to etch circular cavities
gAOK RSLIIK&a R2gy G2 otn XY Ay LINRG2GeLIS &l YL
special high temperature process converting the outermost lagéiSiC into graphene (a layer

of carbon atoms only one or a few atomic layers thick with extremely high electric
conductivity). The smoothness of the etched membrane is critical for the graphene forming
process, and in turn depends on the etching proceduwavity depth and the quality of the SiC
material. Evaluation of the membrane quality was done through surface profiler, SEM, AFM as
well as by energy loss measurements using the focused fhgam at Lund lon Beam Analysis
Facility. The graphene fabrioan is challenged by that the graphene formation differs between

the onraxis surfaces of substrate backside, the wall of cavity, and the bottom of cavity. This
paper describes the technological steps in selection of SiC material, the etching process,
graphene formation and evaluation of the prototype devices.

[1] N. S. Abdel, J. Pallon, M. Graczyk and I. Maximov. Journal of Instrumentation, JINST 9
T06002, 2014.

O-47: Submicron molecular imaging of cells by combined use of MeV SIMS and STIM

o {AYSH®G. BBl Y20A0 wlR2OA06 omM0uI ad WFH{OAd 0
arz2yl 2F SELISNAYSyG(lf LKeAarO0azr wdzSSNI . 20
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In order to understand biochemistry processes governed in the cells, molecular composition at

the submicron level has to be determined. For chemical imaging, different analytical imaging
technigues carbe used, and one among them is TOIMS (Tim®f-Flight Secondary lon Mass
Spectrometry) with MeV ions. Heavy ion beams in the MeV energy range can eject large
molecular fragments (~1000 amu) with a yield that is several orders of magnitude larger than if

keV ions are used for excitation. Thus, due to high sensitivity of MeVSINIE, measured

biological samples and other materials remain intact.

For molecular imaging we installed in 2012 linear TOF SIMS spectrometer at the Heavy lon
Microbeam Facility irzagreb [1]. TOF measurement is normally performed using START signal
from the pulsed beam, and STOP from the MCP detector positioned at the end of the TOF
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telescope. With this setup high sensitive molecular imaging with lateral resolution06f nvth
can beachieved.

In the new setup, presented here, trigger for the START is replaced with the timing signal from
the STIM (Scanning Transmission lon Microscopy) detector placed behind the transparent
target. This allows us to perform measurements with contiribeam in the low current mode
6dmnannn 110X YR &A3IYyAFTAOLyGte NBRdIzOS 6SIFY R
object slits. Due to well defined submicron beam focus, molecular imaging of the single cell on

a subcellular level is possible. Alsbesides the molecular imaging, STIM image of the cell is
also recorded providing additional information about distribution of cell density. Imaging of
Na', K, and lipids inside single HeLa cells will be demonstrated (HeLa cell culture was grown on
100 nmthin SgN4 window).

OMB8 ¢® ¢FRAGI Lo . 23RIYy20A0 wil ReagpADMBEsued { A1 S
Nucl. Instr. Meth. Phys. Res., B 330014) 234

0O-48: Lanthanidedoped nanocrystals as biprobes for ion beam induced fluorescence
imaging

Z. Mi (1) Y. Zhang (2), S.V. Kumar (1:BCChen (1), X. Liu (2), F. Watt (1), A. Bettiol (1)

(1) Centre for lon Beam Applications, Department of Physics, National University of Singapore,
Singapore 117542.
(2) Department of Chemistry, Nationahiversity of Singapore, Singapore 117543.

Fluorescent probes play an important role in biological labeling and targeting for applications
such as bioimaging, biodetection and therapeutics. We report a fluorescent material,
lanthanide ions YB/Tm®*" co-doped NaYFnanocrystal, which can generate intense emission
under the excitation of megalectronvolt (MeV) helium ions. A systematic spectroscopic study
of NaYEYb/Tm nanocrystals shows that both downconversion and energy transfer
upconversion contribwg to the fluorescence emission. More importantly, these lanthanide
doped nanocrystals exhibit enhanced resistance to ibleaching rather than those
conventional fluorescent probes, such as quantum dots and organic dyes, allowing fer long
term scanning fo superresolution imaging purpose. As a demonstration, sufficient brightness
and inconspicuous ionbleaching of the agabricated 100 nm nanoparticles under 1.6 MeV
KSt AdzY A2yaQ SEOAGEGOAZ2Y YI 18& GKSY arfigadtf &8 NX
for biological and biomedical analysis at a single whole cell level.

0-49: lonoluminescence as a sensor of the defects creation and damage kinetics: application
to fused silica

D. BachilleiPerea (13 ! ® -ald?ZBNY 0 H Rey (I, % M SSIyS T om0 IS ICd6 H A d
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108, 91405 Orsay, France.

(2)CentrodeMicré yt f AaAad RS al GSNALFfSax | yADBSNEMRIR | dzii:
28049, Spain.
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lon Beaminduced Luminescence (IBIL) is a very sensitive technique for the analysis of
impurities and defect centers, such as those created tadiation. In situ luminescence during

ion beam irradiations can be used to investigate the microscopic processes accompanying the
generation of damage and its kinetic evolution with the irradiation fluence. In this contribution
we will talk about the advatages of the IBIL technique compared to other analysis techniques.
We illustrate the power of ionoluminescence by showing some results obtained in amorphous
silica which is a fundamental material in fusion technology [1] for optical viewports, plasma
diaghostics, and safety and control systems. Degradation of optical and structural properties of
silica due to irradiation is an important issue with a considerable number of features not yet
sufficiently understood. We have compared the ionoluminescence rieetldifferent types of

silica containing a different amount of OH impurities. For all samples, the IBIL spectrum shows
two main peaks at 460 and 650 nm which have been associated with different defects in the
material: OxygefDeficient Centers and NeBridging Oxygen Hole Centers, respectively. We
have observed that, at the beginning of the irradiation, the red emission is much higher in the
samples with high Oldontent than in the samples with low Gddntent, while the blue
emission exhibits an opposite bavior. One of the advantages of the IL is that we can use
different ions and energies, i.e. different stopping powers for the analysis. Therefore, we have
compared the IBIL produced by ions with different stopping powers (dE/dx), and we observed
that the kinetic evolution of the ionoluminescence varies in function of this parameter. For low
dE/dx, the yield of both peaks increases monotonically with the dose. However, when we
irradiate with high dE/dx, the yield of the two main emissions first increasts tive fluence

and then it reaches a maximum at a certain dose, where it starts to decrease. We have also
studied the dependence of the dose at which this maximum is produced with the stopping
power of the incident particle and we have compared our restdtthose obtained by other
spectroscopy techniques used in silica by Awazu et al. [2], observing a good agreement
between both results. Many other interesting possibilities can be studied with IBIL: application
to other materials, lowtemperature irradiaions, irradiations at very low and very high energy

to separate the electronic and nuclear regimes, irradiating with sequential and simultaneous
beams, etc. We are currently investigating many of these possibilities. We conclude that the
novel results obtaed by comparing the IL behavior under light and heavy ions offer a useful
tool to investigate structural damage in materials.

OoMB ! @ az2ZNR323 9odowd -263 @RWE) 298F892Wd b dzOf @ al G SNIP
[2] K. Awazu, S. Ishii, K. Shima, S. Roorda, J.LeBrEbgs. Rev. B 62 (2009) 3&898.

0O-50: RBLChannelling analysis into the effect of thermal annealing on GeSn strained layers
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Alloying Ge with Sn improves carrier mobility in the material and cam @&nsform the
YFEGSNRAFE FNRY 'y AYRANBOG oF yR3IIL Ayidg8nid R
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Ge, results in an upper limit of Sn in Ge of aroufa 1t is possible to produce alloys with the
higher Sn concentrations but these alloys are metastable and can relax on thermal annealing.
Rutherford Backscattering Spectrometry and channelling have been employed to investigate
the effect of thermal annelang on epitaxial GeSn (6% Sn) strained layers grown dsufiered

Si(100) wafers, with channelling along the [110] axis being used to investigate the strain
NEAARAY3I Ay GKS fI&@SNRE dzLl2y GKSNXIFE FyySEtA
minutes had no noticeable effect on the strain in the epitaxial layers. Once the temperature
ga NIA&AGSR 106288 nnnc/ K26SOSNE NBtIEFGAZ2Y
SaaSydaAaltte O2yvYLX SGSte NBfIFIESR F2ft &areivgogdd |
agreement with similar investigations conducted usiagXdiffraction.

The advantage of the RBS/Channelling approach however, is its ability to provide compositional
information as a function of depth. One is therefore able to monitoreffect of the thermal

anneal on the Ge and Sn distribution throughout the layer, and also to extract information
about their lattice location. The results obtained show that that when the initial relaxation sets

in both the Ge and the Sn are still situRte Ay &addzadAldziAzylf aixdsSax
after substantial relaxation has taken place that the Sn finally breaks free from the lattice sites
and diffuses to the surface of the sample. RBfAnnelling thus provides insight into the
manner inwhich the relaxation process takes place and with this better understanding it might

be possible to design more stable strained layers.

O-51: Mechanisms of damage formation in AlGaN alloys implanted with Ar and Eu ions

D.Nd.Faye(1), E. Wendler (2), Mzelizardo (1), E. Alves (1), F. Brunner (3), M. Weyers (3), K.
Lorenz (1)
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Bobadela LRS, Portugal
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Germany

(3) FerdinaneBrauninstitut, LeibnizZL y & G A G dzG FNNJ | | OK KiichhutE Ifide$ yaiShi $IGK y A
12489 Berlin, Germany

Grouplll-nitrides, in particular AGa.xN alloys, are important optoelectronimaterials used for

UV light emitting devices and high electron mobility transistors (HEMTS). lon implantation is an
important technique for selective area doping and implant isolation [1]. However, this
technique produces damage which degrades the prapsrof materials. In Hhitride alloys, the
formation of implantation damage is still largely unexplored and not yet fully understood.

In this study, the damage formation mechanisms and radiation resistance@& AN alloys is
investigated combiningrutherford Backscattering Spectrometry/Channelling (RBS/C) -aag X
diffraction (XRD) in order to assess the damage profiles and the elastic response of the material

to radiation. AlGa,b | f f 2834 O2@SNAYy3I (GKS SYyiANB O02YLRaJ
at room temperature with 200 keV Ar ions, to avoid chemical effects, and fluences ranging from
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XRD 2 thetammega curves show that implantation leadsttee incorporation of large lattice

strain in the implanted layer which increases with the fluence. Above a threshold fluence, an
abrupt change of the elastic properties of the crystals is observed and strain saturates in the
entire implanted region. Thiditeshold fluence is reached earlier for GaN than for AlGaN alloys.
Surprisingly, RBS/C reveals higher defect levels for high fluence implantations in samples with
high AIN concentrations. These results contrast reports on rare earth implantation in AfdaN a
ion implantation in AlGaAs alloys which reveal a strong increase of radiation resistance with
increasing AIN content [2, 3]. The effect of AIN content on dynamic annealing processes and
radiation resistance of AlGaN alloys as well as the differenceseest Ar and Eu implantation

will be discussed.

[1] Taube et al. MRS. Proceedings 1635 (2014) 9
[2] Breeger et al. NIMB 148 (1999) 468 [3] Fialho et al. NIMB 273 (2012) 149

O-52: Isolated defects created by gas cluster ion impact and their use forgiates of carbon
nanotube growth

N. ToyodaA. Kimura, I. Yamada

Incubation Center, Graduate School of Engineering, University of Hyogo, Himeji, HyeR2867 lapan

Carbon nanotubes (CNTSs) are one of an allotrope of carbon with cylindrical strumaréhey

show excellent mechanical and electrical properties. However, these properties may be altered
depending on the chirality and diameter of CNTs. When metal catalysts are used in CVD growth
of CNTs, the size of metal catalysts are one of the signifiparameters that defines the
structure of CNTs. Therefore, it is important to control the size of metal catalysts.

In this study, isolated defects created by gas cluster ion impacts were investigated as a
template of CNTs growth. Gas cluster ions aggragates of atoms or molecules. Upon a gas
cluster ion impact, dense energy is deposited on surface layer while energy/atom of gas cluster
ion is low. Thus, depending on the energy/atom, gas cluster ion creates-tikstatefects on a
target surface.

Siand SiQwere irradiated with Ar gas cluster ion beams (GCIBs) with acceleration voltage of 20
1+ | yR ¥t dZ28igrd/énf. IHEn, cobalPdots an crater defects were formed by
subsequent cobalt deposition and annealing. Subsequently, CNTs weve gith a thermal

CVD. From SEM and AFM images, it was shown that CNTs were grown on SiGurface
irradiated with AFGCIB. Raman spectroscopy also showed growth of single wall CNTs on Si and
SiQ with Ar-GCIB irradiation. The diameters of CNTs wearged by acceleration voltage of -Ar

GCIB. These results showed that isolated defects created by GCIB can be used as templates for
cobalt dots formation, which results in the control of diameter of CNTSs.

87



O-53: Rutherford backscattering study of Ni(Pt/R@dg formation on Ge (100)

S.M.C. Miranda (1F.A. Geenen (2), C. Detavernier (2), C.M. Comrie (3), K. Temst (1), A.
Vantomme (1)
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(2) Ghent University, Hgislaan 281 (S1), 9000 Ghent, Belgium
(3) Department of Physics, University of Cape Town, Rondebosch 7700, South Africa

Ge is a top candidate to replace Si in high performance nruwadde-semiconductor (MOS)
devices due to its high carrier mobility andngoatibility with current silicon processing
technology. However, a suitable contact material is needed for the successful realization of
devices [1]. Based on the beneficial properties of NiSi contacts on Si, NiGe (which can be easily
formed via soliestate reaction of a Ni thin film with the Ge substrate) has been identified as
one of the most promising contact materials to Ge: it has a low resistivity, it can be formed at
relatively low temperature and persists in a wide temperature range [2,3]. Thisnddestability

can even be further enhanced via-depositing Pd or Pt with the Ni [4,5]. Moreover, for device
integrity it is important to identify the dominant diffusing species (DDS) during the formation of
the germanides [1,3]: If Ge is the DDS, ovesghoand bridging between gate and source
regions in the device will occur [1]. Therefore, we investigated the phase formation, phase
stabilization and diffusing species during sqilthse reaction of ternary Ned/PtGe.

The diffusion and elemental rediidoution during NiGe formation in Ni/RBt/Ge(100) were
Y2YAU2NBR OAl w. { FylrfeaAradaz dzaAy3a | gl NR S
Additionally, the use of a very thin extra interlayer of an inert element such as W [3] allows the
identification of the DDS. Finally, the stability of the germanide phases is evaluated by sheet
resistivity measurements. Despite the chemical similarity of Pd and Pt, a very different behavior

is observed for the two types of interlayers: while Pd is mostly fouaar nhe surface after
FyySFEftAy3a G onnc/ X GKS tid AYyGdSNIF@SNI KIFa vy
cnnc/ it StSYSyida KIFIZS NBRAAGNRAROGMzO SR ( KNP dz=
near the surface, regardless of interlayer thiekn, the Pd is primarily found near the surface

for the thicker interlayer but diffuses towards the B&Ge interface for thinner interlayers. The

room temperature sheet resistivity decreases with increasing annealing temperature for all
samples and, excedor the thinnest Pt interlayer, increases with interlayer thickness. The
measured values, inthe orderof 3k & 1j = ' NB OSNE &AYAf I NI F2NJ t
thickness. In this work, the dominant diffusing species duringgedinanide formation is
determined. The elemental diffusion during the NiGe formation is found to depend on the
interlayer element A ®S® t R 2NJtdGo '4d onnc/ taG A& Fy S
OUtRA FFdzaSR® 'O cnnc/ td A& F2dzy R LINAYINRE & y
the redistribution of Pd is found to depend on the thickness of thisriayer.

[1] S:L. Zhang et al., Crit. Rev. in solid state and mat. Sci. 28(1), 1 (2003)

[2] S. Gaudet et al., J. Vac. Sci. Technol. A 24, 474 (2006)

[3] C.M. Comrie et al., Thin Solid Films 526,268 (2012)

[4] M.-H. Kang et al., IEEE Transactmm®Nanotechnology, vol. 11, no. 4, 769 (2012)
[5] Y:Y. Zhang et al., Junction Technology, IWJT '08. Extended Abstracts, (2008)
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O-54: Structural changes in quantum dots ceséell CdSe/ZnS by thermal treatment

L. G. Almeida (1), P.L. Grande (1), Jd&s. @) A. Hentz (1)C. Radtke (2), M. Sortica (3), R.
Debastiani (4)
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Core/shell semiconductor naarystals have been used for some time by the technological
industry in a wide range of applications, such as LEDs and biosensors. However, the structural
characterization of such materials, due to their small dimensions, represents a serious
challenge, secially when they are modified via thermal annealing or ion irradiation. In the
present work, we used the medium energy ion scattering (MEIS) analysis technique, combined
with auxiliary techniques: transmission electronic microscopy (TEM), Rutherfordchtteksng
spectrometry (RBS) and photoluminescence (PL), in order to characterize CdSe/ZnS
commerciallyavailable coreshell nanocrystals. Through the use of the auxiliary techniques, we
were able to check the best set of annealing parameters to studystaleility of the QDs and

the mobility of the relevant atomic species: annealing at 400 celsius for 5 minutes. A much
longer and/or warmer annealing tend to lead to an almost completely deterioration of the QD;
on the other hand a much shorter and/or cold@nnealing tend to result in negligible changes

in the nanocrystal structure. MEIS is an-lmam technique, capable to obtain depginofiling

with subnanometric resolution, under the right conditions. This technique has been steadily
optimized to the amalysis of nanostructured materials, so it is an important tool in probing the
structure of quanturadots, among other materials. We used the MEIS simulation PowerMeis
software to create hypothetical energdgss distributions for a wide range of tentative D
structures; these simulated distributions were then compared to the experimental results in
order to identify the mosiprobable structure of all. This result was then used as feedback and
the procedure was repeated until a satisfying agreement was fdugtdveen simulation and
experiment. We have found the core of the quantwots remains a stoichiometric CdSe
crystal, as in the nothermally treated samples; however the core diameter shrinks from ~5.2
nm down to approximately 4.2 nm, in agreement to TEMI &L results. We have found an
excess of cadmium, located in the shell region of the QD, resulting in a CdSe/CdZnS structure.
The shell symmetry seems to depart from a spherical shape, in agreement to what one would
SELISOG a (KS NASAIE 20T K gsRxdaNnsmw f S Y St

[1] M. A. Sortica, P. L. Grande, C. Radtke, L. Almeida, R. Debastiani, J. F. Dias, A. Hentz, Applied
Physics Letters, 101 (2012) 023110.

[2] M. A. Sortica, P. L. Grande, G. Machado and L. Miotti, Journal of Applied Physics 106, 1
(2009)
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comparison between different characterization techniques
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The ceramic breeders of an operating fusion blanket will be eegb¢s high levels of neutrons

and gamma radiation. In ITER, it has been estimated a damage rate of aboutigd/@ and

<10 Gy/s caused by the flux of higimergy neutron and ionizing radiation, respectively. The
effects of ionizing radiation on insulaware quite marked due to the excitation of electrons
from the valence to the conduction band, giving rise to charge transfer effects. On the other
hand the comprehension of light ions behavior in solid breeder blanket (BB) candidates is of
special interst for the optimization of the Tritium Blanket Module (TBM). In this contribution,
the studies of processes taking place with temperature in irradiation damaged materials are
analyzed with the support of several techniques. Several experiments are pedoom
breeder candidate ceramics selected by JapaiTi@j) and EU (L5iQ) for ITER TBMesting.

The aim of this experimental work is the understanding of Deuterium diffusion behavior in
GKS&aS YIGSNRAIf & arediiondy af°Go Roude. DéUEeNLIM dis KndplantEd in
selected disshaped ceramics with a 70 keV beam to a total fluence of 4cm?, and the
depth profile as a function of thermal annealing treatments ofrexeived and irradiated
samples are characterized by Nuclear ReactAnalysis (NRA). For comparison purposes, a
different set of pellet samples are exposed to a Deuterium atmosphere at room temperature
inside of pressurized (1 bar) steel capsule during 25 days. In this case, the sorption behavior of
previously dehydratednd irradiated samples is observed by Thermal Induced Desorption (TID)
technique during heating. Whereas the barrier effect of the surface is more evident in NRA
analysis, it is possible to observe more clearly the contribution of the ionizing radiatid® o
outdiffusion by TID analysis.

Secondary lon Mass Spectrometry (SIMS) technique is used for analyzingibgttabted and
exposed to a D atmosphere samples. A SIMS HIDEN Workstation with a 6kV oxygen ion gun as
the primary ion source is used fordtDeuterium profile determination. The elemental analysis
shows different depth profiles of #nplanted and BA 2 NP SR al YL Sad | &
irradiations influence the wiepth location of D inside the ceramic matrix, due to radiation
induced further intenal D trapping and higher desorption activation energies. Finally, in an
attempt to establish the nature of the defects associated to ionizing radiation acting as D
trapping centers, two techniques of Positron Annihilation Spectroscopy (PAS) are used for
investigating defects in the bulk of the irradiated materials: positron annihilation lifetime
spectroscopy (PALS) and coincidence Doppler broadening (CDB). The creatidefeéts due

( 2-radiation is confirmed and better structural recovery in the case of a more pure material,
after thermal treatments, is found. This comparative study is especially interesting for the
understanding of the processes taking place inside riaterial and the role of the surface in

the thermal desorption of Deuterium at relevant operation conditions for the BB system here
analyzed.
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O-56: Deuterium Retention Studies in lon Beam Damaged W

Y.Q. Wang (1)).L. Barton (2), M. Simmonds (2),ekmer (1), R.P. Doerner (2), G.R. Tynan (2)

(1) Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, NM, 87545, USA
(2) University of California San Diego, 9500 Gilman Drive, La Jolla, CAQ82098SA

The trapping and retention of tritium fuetithin neutron damaged plasma facing components
(PFCs) is of primary concern to next step fusion devices [1]. Tungsten is the principal plasma
facing material candidate for first wall and divertor armor due to its high melting point, low H
isotope retenton, and excellent resistance to sputtering. As such, the use of heavy ion damage
and deuterium as a proxy for neutrons and tritium in W allow for both more timely experiments
and less specialization in radioactive materials. Most studies quantify damatge wi
displacements per atom (dpa) when it is the concentration of trapping sites, i.e. traps per atom
(tpa), that is a better metric for determining retention. In this work, we report our recent
studies of deuterium retention in ITEfRade polycrystallin&V before and after ion irradiation
damage using BI( SZ LI " ydzOf S NJ NBIF OlGA2y |ylLfearad obw!
(0.5, 2, and 5 MeV) were used to create a relatively uniform damage profile in W up to 1 micron
depth at RT, with damage levels of 0.001, 0.01, and 0.1 dpa. To isolate the effactealing,

some of the irradiations were performed at elevated temperatures (300, 600, ana@b®By
exposing these samples to a low flux and low temperature D plasma, the near saturation of
filled trapping sites effectively allows D to be used amaaker for traps in W via NRA. Results
showed that increasing the level of damage decreases D retention in the damage region as well
as reducing the amount of trapped D inventory beyond the damage region, while partial
annealing during the irradiation befe plasma exposure reduces D retention.

[1] W.R. Wampler and R.P. Doerner, Nucl. Fusion 49, 115023 (2009).
[2] J.L. Barton, et al., Nucl. Instr. Meth. B 332 (2014)27%5
[3] J.L. Barton, et al., J. Nucl. Mater., accepted and in press (2015).

O-57: Totl IBA a quantitative tool to study plasma wall interactions
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(3) Culham Centre for FusidenergyCulham Science Centre,iAgdon, OX14 3DB, UK

(4) University of Helsinki, P.O. Box 64, 00560 Helsinki, Finland

(5) VTT Technical Research Centre of Finland, P.O. Box 100Q0BINVTT, Finland

(6) Royal Institute of Technology,-$8044 Stockhoh, Sweden

lon beam techniques, by their nature, are valuable tools to study the effect of energetic
particles on the surface region of materials making them very attractive to study plasma wall
interactions in fusion devices. During operation the plasu#ers electric disruptions and
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large amounts of energy and radiation loads are deposited on wall materials. Also neutrals and
high energy particles are allowed to leave the closed plasma surfaces and hit the plasma wall
chamber. The interactions causeveee changes on the reactor materials imposing dedicated
studies to understand all these phenomena in order to improve and validate the theoretical
models allowing a robust design of fusion devices.

In this contribution we study the plasma effect on sédelctiles of the new ITER like wall (ILW)
configuration of JET, combining different ion beam techniques and using the WIiNDF code to
analyse and interpret the data. The sensitivity, depth resolution and elemental analysis
characteristics of the techniqguegeaideal to study the erosion, deposition, mixing and fuel
retention on the near surface of the plasma wall materials. The results show areas of strong
erosion in the centre of the tiles of the inner wall guard limiter (IWGL) whilsteposition
occurs atthe ends. The deposition zones retain large amounts of Deuterium with values
reaching up to 2 orders of magnitude higher compared to the eroded area (front“latlém?

to 5x103° at/cm?). The tiles at the bottom edges of the divertor show a narrow arckthone

of deposition along the slope containing mostly beryllium.

[1] See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy
Conference 2014, Saint Petersbhurg, Russia
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0O-59: In Situ NRA, RBS, XPS an& $udies of Hydrogen Diffusion in TiGingle Crystals

V. Shutthanandan (1), M. Nandasiri (1), S. Manandhar (1), L. Oxenford (1), J. Keni&dy (2),
Thevuthasan (3M.A. Henderson (4)

(1) Environmental Molecular Sciences Laboratory, Richland, WA 99332,

(2) National Isotope Centre, GNS Science, New Zealand

(3) Qatar Environment and Energy Research Institute, Qatar Foundation, Doha, Qatar
(4) Pacific Northwest National Laboratory, Richland, WA 99352, USA

The intrinsic point defects associated withygen vacancies and>Tions play a crucial role in

the usage of titanium dioxide (T40n various technological applications including catalysis and
photochemistry. It is well known that the interactions between H atoms and surface oxygen in
Ti® lead to the formation of T{" ions at elevated temperatures. However the**Tion
formation and accumulation as a function of elevated temperatures in UHV conditions during
hydrogen diffusion in Tis not well understood.

In this study, we have used ion imptation method to incorporate hydrogen in single crystal
TiG (110) samples and investigated the behavior of point defects in both pure and hydrogen
implanted TiQ as a function elevated temperatures using Rutherford backscattering
spectrometry (RBS), nedr reaction analysis (NRA}ray photoelectron spectroscopy (XPS)
and ultra violet photoemission spectroscopy (UPS)., Jil@le crystals were implanted with 40
keV hydrogen ions at room temperature with ion fluences of 1x1ax1d° and 1x16’
atoms/an®.  Samples were isochronally annealed in vacuum for 30 minutes at each
temperature up to 1100K and hydrogen and'Tdefects were quantified. Hydrogen depth
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profile measurements obtained from 1x{Gtoms/cnt implanted sample reveal that hydrogen
diffused towards the surface at lower temperatures and it slowly diffuses out from the samples
at higher temperatures. XPS and UPS measurements from the hydrogen implanted samples
show significantly higher *fidefects in comparison to pure Ti@t these temperatres under

UHV conditions. These defects reach a maximum around 880 K in which almost all hydrogen
was removed from the sample. When the implanted sample further annealed to high
temperatures, the amount of Iiin hydrogen implanted samples started to dease and
reaches the values from the pure Fi€amples around 1100K.

0O-60: Requirements on ion source performance for ion beam analysis

N.C. PodaruD.J.W. Mous

High Voltage Engineering Europa B.V., P.O. Box 99, Amersfoort 3800AB, The Netherlands

lon beam analysis techniques are performed routinely with MeV ions of H, D, He, C, N and O. In
addition, ERD may require heavy ions as well. A variety of ion sources are used in differently
configured ion beam injection systems, often feeding tandem paréictelerators. Most of the

IBA techniques require modest ion beam currents (several hundreds of nA), easily provided by
standard accelerator equipment. However, other applications including Nanoprobes, cultural
heritage studies and microbiology might regguisubmicron probe PIXE or external beam
applications, which necessitate the highest possible ion beam brightness to reduce analysis
time. To accommodate such requirements HVE has developed a new Tandetron injection
system with an upgraded version of it$&8 Duoplasmatron, that demonstrated increased
hydrogen ion beam brightness from about 2 Amd2eV' to approx. 6 Anfrad?eV?™. In
addition, ion beam currents for H, D, He, C, N, O were increased and attention was paid to
improve ion beam uptime, meanntie between failures and serviceability. In this contribution

we will discuss the requirements from ion source technology applied to IBA techniques,
exemplify design details and quantify the performance on the new negative ion beam injection
system based othe HVEE model 358 ion source.

O-61: lon beam analysis of advanced coating products and air particulate matter

A. Markwitz (1)J. Kennedy (1), J. Leveneur (1), P. Gupta (¥Y, Becker (2)

(1) NationallsotopeCentre,GNSScience30 GracefieldRoal, LowerHutt, New Zealand
(2)RUBIONAS Y (NI £ & 9AYNROK{dzy 3 FRNNJ L' 2yyASHSNENT (KN (S v, 208yKRiZYne
Bochum, Germany

GNS Science is a leading research organisation in New Zealand that is undertaking and
developing ion beam scien@nd technology for endiser needs. We present in this overview
presentation ion beam science and research using technology development at GNS Science. We
have developed ion beam based devices for industry trials, designed and built low energy ion
implanters as well as ion beam analysis beam lines for materials research and air pollution
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