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PREFACE 
 
This Book contains the abstracts of invited and contributed talks submitted for presentation at 
the 24th International Conference on Atomic Collisions in Solids – ICACS-24. Out of nearly 
200 submitted abstracts the International Programme Committee selected 46 oral and 89 
poster contributions. Furthermore, 15 plenary invited lectures and the honorary Lindhard 
lecture are included in the scientific program. An additional tutorial day with 4 tutorial 
lectures is organised on Sunday prior to the Conference. We would like to thank all members 
of the International Advisory and Scientific Committees for their work in setting up the list of 
plenary lecturers, and in selecting the contributed oral presentations. 

ICACS-24 is organized by the Research Centre on Nanometer-Scale Science and 
Advanced Materials (NANOSAM) of the Jagiellonian University, Krakow, Poland in 
collaboration with the Polish Vacuum Society. ICACS-24 Local Organizing Committee is 
allocated at the Institute of Physics of the Jagiellonian University. 

In parallel to ICACS 24, still another particle-solid interaction conference, namely 
10th International Conference on Computer Simulations of Radiation Effects in Solids, 
COSIRES2010, is also held in Auditorium Maximum of the Jagiellonian University. Since 
COSIRES conference is oriented mostly toward computer modelling of atomic collisions in 
solids, having both conferences in parallel offers a unique opportunity to bring together 
researchers actively exploring both approaches to particle-solid interactions. Therefore, the 
organizers of ICACS and COSIRES have decided to synchronize the main activities of both 
conferences and to organize a joint plenary session on Wednesday morning, July 21.  

The Editors of this Book would like to thank all participants for their effort in 
preparing the abstracts compiled in this publication. We hope that all participants will enjoy a 
fruitful and successful meeting, and will have a pleasant stay in Kraków. 
 
Kraków, July 17, 2010 
        Local Organizing Committee 
 
 
SCIENTIFIC PROGRAMME 
 
The oral contributions are encoded as dd-hhmm-hall, where “dd” refers to the day, “hhmm” to 
the presentation starting time, and “hall” to the lecture hall (in the case of two parallel 
sessions). There are two lecture halls A and B located at the 2nd floor (in the Exhibition room) 
of the main venue of ICACS-24, i.e. the Auditorium Maximum in Kraków. The plenary 
sessions will be held in the hall A + B and the parallel sessions in the separated halls A and B. 

The honorary Lindhard lecture will be given on Wednesday morning with 60 minutes 
speaking time followed by 10 minutes for discussion. Speaking time for plenary invited talks 
is 40 minutes, with 5 additional minutes reserved for discussion. Contributed oral 
presentations are planned for 20 minutes, followed by 5 additional minutes for discussion. 
The session chairmen are asked to be strict on timing.  

Poster contributions are encoded as dd-P-nn, where “dd” refers to the day, and “nn” is 
the poster number within the Poster Session area. The poster boards are 90 cm (width) x 120 
cm (height). 
 The ICACS-24 Conference Proceedings will be published by Elsevier as a special 
issue of Nuclear Instruments and Methods B, the international journal devoted to beam 
interactions with materials under the Guest Editorship of J. Konior, F. Krok, R. Pedrys and 
M. Szymonski. The volume will contain manuscripts submitted electronically in July by 
registered participants only. The papers will be accepted for publication after a regular 
refereeing procedure. 



ICACS-24 Program 
 

All lectures are held at Auditorium Maximum of the Jagiellonian University, Krupnicza street no. 33 
 

Sunday, July 18 (tutorial lectures)     

10:00-11:15 Su-1000 
tutorial 

D. Philip Woodruff 
Medium energy ion scattering
studies of crystalline surfaces 

    

11:15-11:30 coffee break     

11:30-12:45 Su-1130 
tutorial 

Joachim Burgdörfer 
Quantum and classical methods 

for atomic collisions with 
surfaces and solids 

    

13:00-14:00 lunch     

14:00-15:15 Su-1400 
tutorial 

Alain Brunelle 
In situ chemistry and biology 

with mass spectrometry imaging
    

15:15-15:30 coffee break     

15:30-16:45 Su-1530 
tutorial 

Ian Vickridge 
Applications of narrow nuclear 
resonance profiling and stable 

isotopic tracing to atomic 
transport studies in solids 

    

       
       

Monday, July 19     
08:55-09:00 opening     

09:00-09:40 Mo-0900 
invited 

Peter Bauer 
Electronic interactions of slow 

light ions in solids 
    

09:45-10:05 Mo-0945 
Peter Sigmund 

Energy-loss straggling in 
equilibrium 

    

10:10-10:30 Mo-1010 

O. Osmani 
Charge-state evolution of swift-

heavy-ion beams explored by 
matrix method 

    

10:35-11:00 coffee break     

11:00-11:40 Mo-1100 
invited 

Eduardo M. Bringa 
Irradiation of nanoporous 

materials 
    

11:45-12:05 Mo-1145 

Gregor Schiwietz 
Ultrafast band-structure 

variations induced by fast heavy 
ions in BeO 

    

12:10-12:30 Mo-1210 

Kenji Kimura 
Grazing scattering of MeV 

HeH+ ions from KCl(001):effect 
of surface track potential 

    

12:35-12:55 Mo-1235 

Franciszek Krok 
Surface modification of ionic 

crystals by low energy ion 
irradiation 

    

13:00-14:00 lunch     
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14:30-15:10 Mo-1430 
invited 

Stefan Facsko 
Impact of slow highly charged 

ions on insulating surfaces 
    

15:15-15:35 Mo-1515 

Alexander E. Volkov 
Effect of spatial redistribution 

of electronic excitations on 
formation of the defect halo of 
swift heavy ion tracks in alkali-

halides 

    

15:40-16:00 Mo-1540 

Marco Busch 
Quantum and classical 

rainbow-scattering of fast 
atoms and molecules from a 

KCl(001) surface 

    

16:05-16:30 coffee break     

16:30-17:10 Mo-1630 
invited 

S. Dhamodaran 
Focused ion beams for 

nanofabrication 
    

17:15-17:35 Mo-1715 

Tomas Skeren 
Surface nanopatterning of 
metals with low energy ion 

beam bombardment 

    

17:40-18:00 Mo-1740 

Giancarlo Rizza 
Ion-shaping of metallic 
nanoparticles into non 

conventional morphologies 

    

       
Tuesday, July 20 

09:00-09:40 Tu-0900 
invited 

Kai Nordlund 
Molecular dynamics 

simulations of atomic collisions 
from meV to MeV energies 

   

09:45-10:25 Tu-0945 
invited 

Herbert Urbassek 
News on sputtering: from 
basics to new phenomena 

    

10:30-11:00 coffee break 
session A  session B 

11:00-11:20 Tu-1100-A 

V. Kuzmin 
Exploring reciprocity as a tool 

in low-energy electronic 
stopping 

11:00-11:20 Tu-1100-B 

Gregor Kowarik 
The effect of temperature on 

guiding of slow highly 
charged ions through 

mesoscopic glass capillaries 

11:25-11:45 Tu-1125-A 

Vladimir P. Lipp 
Applicability of the two-

temperature model for the 
description of excitation in 
solids under swift heavy ion 

irradiation 

11:25-11:45 Tu-1125-B 

Jean-Marc Layet 
Negative ion surface 

production upon positive ion 
bombardment in H2/D2 

plasma 

11:50-12:10 Tu-1150-A 

Daniel A. Brenes 
Angular distribution of 

molecules sputtered by C60 
primary ions 

11:50-12:10 Tu-1150-B 

Marek Pajek 
Excitation of x-ray satellites 

and hypersatellites in 
collisions of fast heavy ions 

with atoms 

12:15-12:35 Tu-1215-A 

Hussein Hijazi 
Interaction of ions with 
surfaces: sputtering of 

secondary ions studied by XY-
TOF-SIMS 

12:15-12:35 Tu-1215-B 

Nebojsa Neskovic 
Rainbows in channeling of 1 
GeV protons in a bent short 
(11, 9) single-wall carbon 

nanotube 

12:40-13:00 Tu-1240-A 
Andreas Wucher 

Internal energy of sputtered 
metal clusters 

12:40-13:00 Tu-1240-B 

Catalina Mansilla Sanchez
Roughening of silicon surface 
during very low energy Cs+ 

ion bombardment 
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13:00-14:00 lunch 

14:30-15:10 Tu-1430 
invited 

Rodolfo Cuerno 
Nanoscale pattern formation 
of surfaces under ion-beam 

sputtering 

    

15:15-15:55 Tu-1515 
invited 

Marika Schleberger 
Swift heavy ions and highly 

charged ions - versatile tools 
for nanoscaled modifications 

   

16:00-16:30 coffee break 
session A  session B 

16:30-16:50 Tu-1630-A 

Hiroshi Amekura 
Elongation of metal 

nanoparticles embedded in 
silica induced by a single ion 

impact 

16:30-16:50 Tu-1630-B

Anand P.Pathak 
Effects of concentration and 

thermal annealing on the optical 
activation of Er implanted into 

GaN layers 

16:55-17:15 Tu-1655-A 

Francesco Buatier de 
Mongeot 

Amplified ion patterning by 
self-organised stencil-masks 

16:55-17:15 Tu-1655-B

K. Peter Lieb 
Xenon-ion-beam induced and 

thermal mixing of Co/Si bilayers 
and their interplay 

17:20-17:40 Tu-1720-A 

Nikita A. Medvedev 
Three-zone model of track 

creation after swift heavy ion 
impact on insulators 

17:20-17:40 Tu-1720-B
Erich Friedland 

Influence of radiation damage on 
diffusion in silicon carbide 

17:45-18:05 Tu-1745-A 

Pierfrancesco Riccardi 
Electron emission in the 

interaction of slow ions and 
electrons with nanostructured 

surfaces 

17:45-18:05 Tu-1745-B

Bhupendra N. Dev 
Lateral straggling and its 

influence on lateral diffusion in 
implantation with a focused ion 

beam 
18:15-20:00 poster I poster session I     
       
       

Wednesday, July 21     

09:00-10:00 
We-0900 
Lindhard 
lecture 

Yasunori Yamazaki 
Interaction of charged 

particles with insulators and 
living cells 

    

10:10-10:50 
We-1010 
invited 

COSIRES 

Flyura Djurabekova 
Ion beam modification of 

nanocrystals: simulation and 
experiment 

    

10:55-11:20 coffee break     

11:20-12:00 We-1120 
invited 

Thomas Michely 
The atomistic view of the ion - 

surface interaction: from 
single ion impacts to pattern 

formation 

    

    
12:05-12:45 We-1205 

invited 

Walter Assmann 
Electronic sputtering:solved 

and open questions     

13:00-14:00 lunch     
14:00-18:00 outing     

20:00 Conference dinner     
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Thursday, July 22 

09:00-09:40 Th-0900 
invited 

Giovanni Strazzulla 
Ion bombardment of 
astrophysical ices        

09:45-10:25 Th-0945 
invited 

Naoki Watanabe 
Surface processes of atomic 

hydrogen at very low 
temperatures relevant to 

astrochemistry     
10:30-11:00 coffee break 

session A  session B 

11:00-11:20 Th-1100-A 

Ana Lucia Ferreira de Barros
Sputtering and cross sections 

measurements of CO ice 
bombarded by 30 keV Oq+ 

 11:00-11:20 Th-1100-B 

Michele Pisarra 
Wave packet analysis of trajectory 
effects on hyperthermal alkali ion 
neutralization at metal surfaces 

11:25-11:45 Th-1125-A 

Eduardo Seperuelo Duarte 
Laboratory simulation of  

heavy-ion cosmic-ray 
interaction with condensed CO 

 11:25-11:45 Th-1125-B 

Oscar Grizzi 
Direct recoil spectroscopy of 

compound semiconductor surfaces 
covered with organic molecules 

11:50-12:10 Th-1150-A 

Tetsuya Hama 
A desorption mechanism of 
water following vacuum-
ultraviolet irradiation of 
amorphous solid water 

 11:50-12:10 Th-1150-B 
Vladimir N. Popok 

Stopping of energetic cluster ions 
in graphite 

12:15-12:35 Th-1215-A 

Takane Kobayashi 
100 keV He+ ion beam 
stimulated hydrogen ion 

desorption 

 12:15-12:35 Th-1215-B 

Eli Kolodney 
Multifragmentation in C60  - 
surface impact : A velocity 

correlated  statistical scenario and 
transition from “during collision” 

to “post collision” event 

12:40-13:00 Th-1240-A 
Elena V. Savchenko 

Post-irradiation phenomena in 
atomic and molecular ices 

    

13:00-14:00 lunch 

14:30-15:10 Th-1430 
invited 

Walter Meissl 
Precise micro-irradiation of 
individual biological targets 

with MeV ion beams        

15:15-15:55 Th-1515 
invited 

Taku Suzuki 
Magnetic oscillations in ion 

scattering spectroscopy     
16:00-16:30 coffee break 

session A  session B 

16:30-16:50 Th-1630-A 

Maurizio Canepa 
A spin polarized He metastable 

beam investigation of the 
adsorption of L-cysteine on 

magnetic surfaces 

 16:30-16:50 Th-1630-B 

Wolfgang Husinsky 
Z-Scan studies of optical 

properties of nano-particles 
prepared by ion implantation in 

silcate glasses 

16:55-17:15 Th-1655-A 

Adrian Keller 
Ion beam modified mica as a 

model surface for amyloid 
aggregation 

 16:55-17:15 Th-1655-B 

Yin Song 
Photoluminescence character of 

silicon dioxide irradiated with Xe, 
Kr and Bi ions* 

  
17:30-19:30 poster II poster session II     
19:30-20:00  reception     
20:00-22:00   Concert     
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Friday, July 23 

09:00-09:40 Fr-0900 
invited 

Heon Kang 
Reactive ion scattering at very 

low energies (< 100 eV) for 
surface chemical analysis 

09:45-10:05 Fr-0945 

Shinya Kosugi 
Effect of high temperature 

annealing on ferromagnetism 
induced by energetic ion 
irradiation in FeRh alloy 

10:10-10:30 Fr-1010 

G Devaraju 
Electronic stopping dependence 

of ion beam induced 
modifications in  GaN 

10:35-11:00 coffee break 

11:00-11:20 Fr-1100 
Natalya N. Andrianova 

Erosion of CFS under high-
fluence heavy ion irradiation 

11:25-11:45 Fr-1125 
Vladimir Chernysh 

Angular distribution of atoms 
sputtered from alloys 

11:50-12:10 Fr-1150 

Zhiguang Wang 
Investigation of incident N- and 
Xe-ions induced effects in ZnO 

thin films 
12:15-12:20 closing 
13:00-14:00 lunch 
 



List of Poster Presentations 
 

Tu – Poster Session I (Tuesday, July 20, 2010) 
Th – Poster Session II (Thursday, July 22, 2010) 
 
Tu-P-01 Yuyu Wang, Yongtao 

Zhao, Jianrong Sun, 
A.Qayyum, Jie Liu, 
Zhiguang Wang, 
Guoqing Xiao 

Electron emission by highly charged neon and xenon ions on fusion-
relevant tungsten and graphite surfaces 

Tu-P-02 Yuyu Wang, Yongtao 
Zhao, Jianrong Sun, Jie 
Liu, Zhiguang Wang, 
Guoqing Xiao 

Highly charged xenon ion-induced modification of HOPG and mica 
surfaces 

Tu-P-03 A.N.Zinoviev Interaction potentials for modelling of ion-surface scattering 

Tu-P-04 L.N.Serkovic Loli, 
E.A.Sánchez, O.Grizzi, 
N.R.Arista 

Stopping power and ion fractions for low velocity Protons transmitted 
through fluorides and semiconductor organic films 

Tu-P-05 Hasan Gümüş A new algorithm for the stopping power calculation 
Tu-P-06 S.Damache, D.Moussa, 

S.Ouichaoui 
Energy loss and straggling of (0.6 – 3.3) MeV protons in thin Kapton foil 

Tu-P-07 M.Shimizu, K.Hisano, 
T.Hayakawa, 
H.Tsuchida, A.Itoh 

Stopping Cross Sections of Liquid Ethanol for Swift Light Ions 

Tu-P-08 Yu.A.Belkova, 
Ya.A.Teplova 

Energy loss for light ions in various media including hydrocarbons 

Tu-P-09 N.V.Novikov, 
Ya.A.Teplova 

Cross Section For The Single-Electron Capture By Fast He+ Ions In Inert 
Gases 

Tu-P-10 M.Tosaki, Y.Isozumi Stopping cross-section and energy straggling of protons in TiC, NbC and 
WC measured through the resonant reaction of protons with 12C 

Tu-P-11 H.Tsuchida, S.Tomita, 
K.Nishimura, 
R.Murakoshi, M.Naitoh, 
K.Sasa, S.Ishii, A.Itoh 

Energy distribution of MeV-energy atomic and diatomic carbon ions 
transmitted through a tapered glass capillary 

Tu-P-12 Pablo de Vera, Rafael 
Garcia-Molina, Cristian 
D.Denton, Isabel Abril 

Calculated energy loss of swift ion beams in lanthanum-based high-κ 
perovskites 

Tu-P-13 Pablo de Vera, Isabel 
Abril, Rafael 
Garcia-Molina 

Slowing down of proton and alpha-particle beams in polymers with 
biomedical applications 

Tu-P-14 Astapenko V.A. Polarization Bremsstrahlung on metallic nanospheres in dielectric 
medium 

Tu-P-15 K.A.Avkhachev, 
M.V.Sorokin, 
A.E.Volkov, 
V.A.Borodin, 
P.I.Gaiduk, 
L.A.Vlasukova, 
F.F.Komarov 

Collision Cascade Mechanism of Discontinuous Track Formation in 
Si0.5Ge0.5 Irradiated with Swift Heavy Ions 

Tu-P-16 C.Ciortea, D.Dumitriu, 
A.Enulescu, D.Fluerasu, 
M.Gugiu, I.Piticu, 
A.Scafes 

Pt L-shell ionization cross sections and projectile mean charge states in 
the 0.5 – 2.5 MeV/u 31P, 35Cl + Pt collisions 

Tu-P-17 C.Ciortea, D.Dumitriu, 
A.Enulescu, D.Fluerasu, 
M.Gugiu, I.Piticu, 
A.Scafes 

REC cross sections and final state mean binding energies by integral X-
ray measurements in the collisions of MeV/u ions on thin solid targets 



Tu-P-18 Makoto IMAI, 
M.Sataka, K.Kawatsura, 
K.Takahiro, K.Komaki, 
H.Shibata, H.Sugai, 
K.Nishio 

Equilibrium and non-equilibrium Charge State Distribution of 2 MeV/u 
Carbon Ions Passing through Carbon Foils 

Tu-P-19 M.Karlušić, 
Ž.Pastuović, N.Skukan, 
R.W.Smith, M.Jakšić 

Single swift heavy ion irradiation setup at RBI 

Tu-P-20 N.Matsunami, M.Kato, 
M.Sataka, S.Okayasu 

Effects of incident charge of high-energy ions on decomposition of copper 
nitride 

Tu-P-21 S.Takahashi, M.Kato, 
S.Yagi, K.Soda 

Guiding effect of tapered glass capillary optics for MeV ion beam 

Tu-P-22 Lagutin A., 
Gorodecka H. 

Studies of micronutrients distribution in grain seeds 

Tu-P-23 A.Meftah, W.Assmann, 
N.Khalfaoui, F.Studer, 
M.Toulemonde, 
C.Trautmann, K.-O.Voss 

Electronic sputtering of Gd3Ga5O12 and Y3Fe5O12 garnets: yield, 
stoichiometry and comparison to track formation 

Tu-P-24 A.Chiba, Y.Saitoh, 
K.Narumi, 
Y.Takahashi, K.Yamada, 
T.Kaneko 

Measurement of divergence angles classified by charge-state combination 
of C2

+ constituents passing through thin carbon foil 

Tu-P-25 K.Narumi, H.Naramoto, 
Y.Takahashi, K.Yamada, 
A.Chiba, Y.Saitoh, 
Y.Maeda 

Analysis of Bombardment Effect of 10-to-100-keV C60 Ions on a Si Surface

Tu-P-26 G.Wachter, K.Tökesi, 
G.Betz, C.Lemell, 
J.Burgdörfer 

Track formation in fast atom-insulator interactions 

Tu-P-27 A.Yu.Azarov, A.I.Titov, 
S.O.Kucheyev 

Damage buildup during ion bombardment of GaN with pre-existing 
disorder 

Tu-P-28 Christian Anders, 
Roman Pedrys, Herbert 
M.Urbassek 

Sputtering of frozen oxygen and argon by ion impact: experiment and 
atomistic simulation 

Tu-P-29 Vinicius Bordalo, 
Christian Mejia, Enio 
F.da Silveira, Eduardo 
Seperuelo Duarte, 
Sergio Pilling 

Stimulated Desorption from Icy Aerosol Particles: A Possible Relevance 
to Titan's Ionospheric Conditions 

Tu-P-30 Hubert Gnaser Energy spectra of sputtered ions under Cs+ bombardment 

Tu-P-31 S.Jinno, T.Isozaki, 
I.Naemura, T.Koizumi, 
T.Hirayama 

Temperature Effect of Ion Desorption Dynamics from Solid Ne by Low-
Energy Ion Impact 

Tu-P-32 K.Khalal-Kouache, 
D.Primetzhofer, P.Bauer 

Simulation of TOF spectra in the scattering of slow He+ ions from a 
copper surface 

Tu-P-33 I.Khyzhniy, S.Uyutnov, 
G.Gumenchuk, 
A.Ponomaryov, 
E.Savchenko, 
V.Bondybey 

Post-Desorption from Solid Nitrogen Pre-irradiated by Electrons 

Tu-P-34 S.-Y.Kim, J.-H.Kim, 
H.Kang 

Low Energy Sputtering of Ice Film Surfaces. The Properties of Hydroxide 
Ions at the Ice Surface 

Tu-P-35 N.Becker, C.Mansilla, 
T.Wirtz, H.-N.Migeon 

Polymer Fragmentation and Ionization Mechanisms involved in the 
Storing Matter Technique 

Tu-P-36 E.D.Marenkov, 
Yu.M.Gasparyan, 
A.A.Rusinov, 
A.A.Pisarev 

Deuterium Release from Pores in Tungsten created by 10 kev D3
+ beam 



Tu-P-37 L.Pillatsch, T.Wirtz, 
H.-N.Migeon, 
H.Scherrer 

Use of a Duoplasmatron Ion Source for negative ion generation 

Tu-P-38 L.Pillatsch, T.Wirtz, 
H.-N.Migeon, 
H.Scherrer 

SIMS using O-, F-, Cl-, Br- and I- primary ion bombardment 

Tu-P-39 Y.Sakuma, M.Kato, 
S.Yagi, K.Soda 

Dependence of Si+ and Si2+ sputtering yields on residual oxygen impurity 

Tu-P-40 B.Toftmann, J.Schou Ion Production by Laser Impact on a Silver Surface 
Tu-P-41 W.Soszka, 

N.-T.H.Kim-Ngan, 
D.Sitko, G.Jagło, 
D.Goc-Jagło 

Molecular Dissociation at the Fe3O4(001) surface 

Tu-P-42 M.V.Sorokin, 
R.M.Papaléo, 
K.Schwartz 

Effect of atomic collisions on defect creation in LiF crystals irradiated 
with 3-15-MeV Au ions 

Tu-P-43 A.Prabhakaran, 
B.N.Jones, A.Delcorte, 
R.P.Webb 

Metal-assisted MeV-SIMS: do metal nanoclusters lead to organic signal 
improvement in MeV-SIMS? 

Tu-P-44 J.Lienemann, D.Blauth, 
S.Wethekam, M.Busch, 
P.Wurz, H.Winter 

Negative ion formation during scattering of fast ions from diamond-like 
carbon surfaces 

Th-P-01 T.Azuma, Y.Nakano, 
S.Suda, A.Hatakeyama, 
Y.Nakai, K.Komaki, 
E.Takada, T.Murakami 

Convoy and Auger electrons emitted from fast heavy ions excited by 
resonant coherent excitation 

Th-P-02 Varvara S.Avilkina, 
Natalya N.Andrianova, 
Anatoly M.Borisov, 
Eugenia S.Mashkova, 
Yury S.Virgiliev 

Temperature Effects in High Fluence Ion Modification and Electron 
Emission of HOPG 

Th-P-03 Varvara S.Avilkina, 
Natalya N.Andrianova, 
Anatoly M.Borisov, 
Eugenia S.Mashkova, 
Edward S.Parilis 

Energy and Temperature Dependences of Ion-Induced Electron Emission 
from Polycrystalline Graphite 

Th-P-04 G.Kowarik, E.Gruber, 
R.Kreuzhuber, 
K.Iskratsch, F.Aumayr 

Using a current method for measuring ion induced electron emission from 
LiF 

Th-P-05 M.Marpe, C.Heuser, 
A.Wucher 

Internal Electron Emission detected in Metal-Insulator-Metal Thin Film 
Tunnel Devices bombarded with keV Cluster Projectiles 

Th-P-06 H.Ogawa, A.Shimada, 
Y.Inoue, K.Ishii, 
T.Kaneko 

Secondary electron emission from a thin carbon foil by penetration of 
equi-velocity protons and electrons of 0.5 - 3.5 MeV/u 

Th-P-07 P.Riccardi, A.Sindona, 
M.Pisarra 

Molecular Dynamics study of electron emission induced by slow ions 

Th-P-08 Y.Takahashi, 
K.Narumi, A.Chiba, 
Y.Saitoh, K.Yamada, 
N.Ishikawa, H.Sugai, 
S.Sakai, Y.Maeda 

Molecular-axis-orientation dependence of vicinage effect on secondary-
electron emission from thin carbon foils bombarded with 250-keV/u C2

+ 
ions 

Th-P-09 L.Wielunski, 
B.Yakshinskiy, 
R.Bartynski 

Electron and photon induced desorption of alkali atoms from mineral 
surfaces 

Th-P-10 A.N.Zinoviev State promotion and neutralization оf ions near metal surface 
Th-P-11 A.N.Zinoviev The decay of autoionizing states in electric field formed during collisions 

of multyply charged ions with metal surface 



Th-P-12 D.Moussa, S.Damache, 
S.Ouichaoui 

Trends of (I, b) stopping parameters for Al due to H+ and He+ projectiles 
electronic structures 

Th-P-13 S.Damache, D.Moussa, 
S.Ouichaoui 

Energy loss straggling of ~ (320 – 2000) keV/amu H+ and He+ ions in 
polyvinyl formal 

Th-P-14 Mikhail 
Yu.Barabanenkov 

Ion beam synthesis method in microphotonics: a model of simultaneous 
growth of shallow buried and surface new phase layers in silicon 

Th-P-15 Yossi Cohen, Victor 
Bernstein, Eran Armon, 
Anatoly Bekkerman, Eli 
Kolodney 

The single collision formation of gold carbide cluster ions by surface 
impact of negatively charged fullerene (C60

-) ion beam: Experiment and 
calculations 

Th-P-16 S.Dhamodaran Electron excited luminescence from GaN grown by two different 
techniques 

Th-P-17 D Sathish Chander, 
J Ramkumar, 
V N Kulkarni, 
S Dhamodaran 

Focused ion beam patterned surfaces and growth of semiconductor 
nanostructures 

Th-P-18 A.S.El-Said, R.Heller, 
S.Facsko 

Nanostructuring of BaF2 Surfaces by Single Slow Highly Charged Ions 

Th-P-19 N.Fujita, K.Ishii, 
H.Ogawa 

Development of Two-Dimensional Mapping Technique with In-Air-PIXE 
Method by Metal Capillary 

Th-P-20 K.Ishii, N.Fujita, 
H.Ogawa 

Development of in-air RBS Technique with Metal Capillary 

Th-P-21 Martin Kreller, 
Günther Zschornack, 
Ulrich Kentsch 

Guiding of argon ions through a tapered glass capillary 

Th-P-22 Martin Kreller, Günter 
Zschornack, Ulrich 
Kentsch, Andreas 
Schwan, Falk Ullmann, 
Mike Schmidt 

A Platform Technology for Using Highly Charged Ions in the Laboratory 

Th-P-23 G.B.V.S.Lakshmi, 
Azher M.Siddiqui, 
M.Zulfequar 

Structural, optical and electrical properties of 60 MeV C5+ ion irradiated 
poly(3-methylthiophene) films 

Th-P-24 J.Lienemann, M.Busch, 
H.Winter, R.Dirsyte, 
Scharzkopf, G.Wagner, 
R.Fornari 

Surface termination of NdGaO3(110) and DyScO3(110) 

Th-P-25 Anjali, S.Ghosh, 
P.Srivastava, S.A.Khan, 
A.P.Pathak 

Band gap controlled H loss from passivated Hg1-xCdxTe (MCT) wafers 
under intense electronic excitation 

Th-P-26 V.N.Popok, V.P.Popov, 
Yu.N.Palyanov, 
I.N.Kupriyanov 

Argon Cluster Ion Implantation of Diamond 

Th-P-27 R.Ritter, Q.Shan, 
G.Kowarik, R.Ginzel, 
H.Lebius, L.Maunoury, 
M.Toulemonde, 
C.Dufour, J.R.Crespo 
López-Urrutia, 
C.Teichert, F.Aumayr 

Nanoscale modification of friction properties on HOPG induced by slow 
highly charged ions 

Th-P-28 S.R.Saeed, S.Yadav, 
F.Krok, M.Goryl, 
J.Budzioch, 
M.Szymonski 

Nanostructuring of GaSb(001) surface by low-energy ion irradiation 



Th-P-29 L.B.Begrambekov, 
Y.A.Sadovsky, 
P.A.Shigin, 
V.M.Smirnov 

Influence of ion irradiation on composition of C:H films 

Th-P-30 Ramandeep Kaur 
Dhillon, Surinder Singh, 
Paramjit Singh, Rajesh 
Kumar 

Structural Modification of 80 MeV Nitrogen Ion Irradiated Polymers 

Th-P-31 O.P.Sinha, B.Satpati, 
S.Varma, T.Som 

Swift Au-ion Induced GaAs Nanostructures 

Th-P-32 P.Süle Molecular dynamics simulation of ripple growth in the presence of Fe 
contamination in Si 

Th-P-33 Y.Tahara, B.Zhu, 
S.Kosugi, N.Ishikawa, 
Y.Okamoto, Y.Baba, 
N.Hirao, F.Hori, 
T.Matsui, A.Iwase 

Study on effects of swift heavy ion irradiation on the crystal structure in 
CeO2 doped with Gd2O3 

Th-P-34 A.I.Titov, 
P.A.Karaseov, 
A.Yu.Azarov, 
A.Yu.Kataev, 
S.O.Kucheyev 

Model for the buildup of radiation damage in the crystal bulk of GaN 

Th-P-35 P.A.Karaseov, 
K.V.Karabeshkin, 
O.A.Podsvirov, 
A.Ya.Vinogradov, 
N.N.Karasev, 
A.S.Smirnov, A.I.Titov 

Influence of ion bombardment on mechanical stress in diamond-like 
carbon films 

Th-P-36 Jianrong Sun, Zhiguang 
Wang, Cunfeng Yao, 
Kongfang Wei, Fashen 
Li 

Study of the magnetic modifications of Fe3O4 ferrite thin films induced by 
2.03 GeV Kr26+ ions irradiation 

Th-P-37 Jianrong Sun, Zhiguang 
Wang, Tielong Shen, 
Cunfeng Yao, Fashen Li 

Modifications of iron-based amorphous alloys under swift heavy ions 
irradiation investigated by 57Fe mössbauer spectrometry 

Th-P-38 A.A.Dzhurakhalov, 
A.X.Rasulov, 
S.E.Rahmatov, 
V.G.Stelmakh, 
N.A.Teshabaeva, 
I.D.Yadgarov 

Theoretical study of cluster formation at low energy ion sputtering of Cu 
(100) and Ag (100) 

Th-P-39 K.Yasuda, 
C.Batchuluun, 
R. shigami, S.Hibi 

TOF-ERDA for analysis of light elements using a He beam 

Th-P-40 M.Turek, A.Droździel, 
K.Pyszniak, S.Prucnal 

Compact Hollow Cathode Ion Source with an Internal Evaporator 

Th-P-41 E.-S.Moon, H.Kang Low-Energy Cesium Ion Scattering from Ice Surfaces. Study of Proton 
Transfer and H/D Exchange Reactions 

Th-P-42 S.Mammeri, 
S.Ouichaoui, H.Ammi, 
H.Hammoudi, 
C.A.Pineda-Vergas 

Sputtering and surface smoothing of Bi thin films deposited onto Si 
substrates under oblique impacts of 120 keV Ar+ ions 

Th-P-43 T.S.Wang, X.Meng, 
K.H.Fang, Q.H.He, 
H.Y.Lv, J.Kasagi 

Investigation of Low Energy Deuteron Impact on Metallic Targets by D-D 
Fusion 

Th-P-44 Tieshan Wang, Jingjie 
Ding, Rui Cheng, Haibo 
Peng 

Potential Sputtering of Highly Charged Ions on Copper and Tungsten 
Surface 

 









Tutorial Lecture  Su-1000 

Medium Energy Ion Scattering Studies of Crystalline Surfaces 

 

D.P. Woodruff 

Physics Department, University of Warwick, Coventry CV4 7AL, UK 

 

 Medium energy ion scattering (MEIS), typically using 100-200 keV incident H+ or 

He+ ions, is a variant of the standard Rutherford backscattering technique (typically using 

MeV energy particles) that is particularly well-suited to studies of the composition and 

structure of the near-surface region. The use of the lower energies leads to substantially-

enhanced depth resolution, stemming in part from the strong electronic stopping and in part 

from the ability to achieve higher experimental energy resolution through the use of 

dispersive electrostatic energy analysers. Moreover, by using moveable analysers with 2D 

detectors, capable of measuring simultaneously a range of scattering angles and scattered ion 

energies, elastic shadowing of both inward and outward trajectories can be exploited to 

provide detailed crystallographic information on the surface region. These basic aspects of the 

technique will be illustrated with examples that demonstrate the capabilities of the method, 

particularly with respect to crystalline surfaces. Recent results that cast light on the detailed 

mechanisms of inelastic scattering that underpin the electronic stopping will also be 

presented, including clear evidence for trajectory-dependent energy loss in a crystalline 

surface. 

 



Tutorial Lecture  Su-1130 

Quantum and classical methods for atomic collisions with surfaces and solids 

 

Joachim Burgdoerfer 

Institute for Theoretical Physics, Vienna University of Technology 
Wiedner Hauptstr. 8-10, 1040 Vienna 

 

In this lecture I will present an overview over quantum and classical methods for 

describing the interactions of ions, electrons, and photons with solids. The transition from 

quantum to classical dynamics is often facilitated by the small de Broglie wavelength of the 

scattered particle and by rapid decoherence in a system with many degrees of freedom.  

We will present examples of the open quantum system (OQS) approach decomposing 

the  collision system into an active sub-system (or clusters) coupled to a large environment 

leading to decoherence. Examples to be discussed are ab-initio methods for surface scattering 

potentials, quantum diffraction in fast atom-surface scattering, quantum and classical methods 

for electron transport, and coherent electronic transitions in channeled ions by resonant 

coherent excitation.  

 



Tutorial Lecture  Su-1400 

In situ chemistry and biology with mass spectrometry imaging 

 

A. Brunelle 

Centre de Recherche de Gif, Institut de Chimie des Substances Naturelles, CNRS 
Gif-sur-Yvette, France 

 

Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) using keV energy 
metal cluster beams as primary ions is now recognized as a powerful method for in situ 
chemical, biological and medical applications. It opens a new field of surface imaging, 
particularly for biological tissue sections. Markers can be sought without a priori knowledge. 
Compared to the more established MALDI imaging approach, TOF-SIMS imaging provides 
the incomparable advantages of a routine micrometer scale resolution and of an easier sample 
preparation which does not require matrix coating of the surface. However TOF-SIMS suffers 
from some limitations, such as the narrow mass range, the lack of a structural analysis of the 
species by tandem mass spectrometry, and the fact that mainly lipids are preferentially 
released from the biological samples. Most of the biological applications of modern mass 
spectrometry have in the recent years been focused to peptidomics and proteomics, mainly 
because of the advent of electrospray and MALDI methods and of high performance mass 
spectrometers, thus neglecting the small molecular weight compounds such as lipids. 

 
Lipid ion images of different size and spatial resolution recorded on a rat brain section with: 
a: TOF-SIMS, 70 µm, b: TOF-SIMS, 1 µm, c: TOF-SIMS, 400 nm, d: MALDI-TOF-TOF 50 

µm 
This lecture intends to show the wealth of powerful information that can be obtained 

from the lipidomic analysis of biological surfaces, such as tissue sections from human 
biopsies or animal organs. The method will be particularly detailed, with several examples 
such as the localization of xenobiotics, lipid markers from genetic diseases and nonalcoholic 
fatty liver disease. The mass resolution and the mass accuracy provided by the time-of-flight 
mass analyzer and the short primary ion pulses, together with spatial co-localizations of ions 
and analysis of standard compounds, all help to identify the biological markers. This analysis 
will always take benefit from a histology done on adjacent tissue sections by clinicians 
specialists of the studied disease. 

 
[1] F. Benabdellah, A. Seyer, L. Quinton, D. Touboul, A. Brunelle, O. Laprévote, Anal. Bioanal. Chem. 396 

(2010) 151 
[2] A. Brunelle, O. Laprévote, Anal. Bioanal. Chem. 393 (2009) 31 
[3] A. Brunelle, O. Laprévote, Curr. Pharm. Design 13 (2007) 3335 
[4] A. Brunelle, D. Touboul, O. Laprévote, J. Mass Spectrom. 40 (2005) 985 
[5] D. Touboul, F. Kollmer, E. Niehuis, A. Brunelle, O. Laprévote, J. Am. Soc. Mass Spectrom. 16 (2005) 1608 
[6] D. Touboul, F. Halgand, A. Brunelle, R. Kersting, E. Tallarek, B. Hagenhoff, O. Laprévote, Anal. Chem. 76 

(2004) 1550 



Tutorial Lecture  Su-1530 

Applications of Nuclear Narrow Resonance Profiling and stable isotopic 
tracing to atomic transport studies in solids 

 
I. C. Vickridge, Marie D’Angelo, Catherine Deville-Cavellin, Jean-Jacques Ganem, 

and Isabelle Trimaille 

Institut des NanoSciences de Paris, UMR7586 du CNRS et de l’UPMC, Paris, France 

 
A rapid (~MeV) ion penetrating matter may have sufficient energy to overcome the 

Coulomb repulsion of the atomic nuclei along its path to the point that it may induce nuclear 
reactions. This interaction is at the heart of the analytical method termed ‘Nuclear Reaction 
Analysis’ (NRA). Certain reaction mechanisms give rise to resonance structures in the 
corresponding nuclear reaction cross sections. In a narrow range (~0.1 keV) around certain 
incident particle energies ER, the reaction cross section is greatly enhanced. Thus, for a 
particle incident with energy E > ER on a sample, and slowing down due to inelastic energy 
loss processes, the reaction cross section is small until the particle has lost energy E-ER, where 
the cross section is very much greater. The greater is E, the greater is the depth at which the 
particle reaches ER. Measuring the yield of nuclear reaction products as a function of E thus 
provides a probe of the concentration of the target nucleus as a function of depth. This is the 
method referred to as Narrow Resonance Profiling (NRP) or r-NRA (resonant-NRA). Because 
the reaction exploited for analysis is nuclear, NRP is an isotopically sensitive method, and 
exploitable narrow resonances exist for a number of important stable isotopes such as 13C, 
15N, 18O and 29Si. NRP has thus been a privileged tool for stable isotopic tracing studies of 
thin film growth mechanisms. For sufficiently narrow resonances, depth resolution in the nm 
range is possible 

In this tutorial, we first give an introduction to the basic physics of the energy loss of 
rapid ions in matter, privileging a stochastic view of the process which has proven to very 
useful in the application of NRP, most notably for adequately describing the energy loss 
fluctuations – the beam energy straggling – which provide the ultimate limit to depth 
resolution. After a presentation of the basic characteristics and attainable depth profiling 
performance of the most important narrow resonances used in NRP, and an introduction to the 
principles and practice of stable isotopic tracing applied to thin film growth studies, we pass 
in review a series of applications of NRP to studies of surface alteration, thin film growth, and 
ion implantation taken from our own studies of the growth of oxide, carbide and nitride films 
on semiconductors, and from the many studies that can be found in the literature. Applications 
are found not only in basic condensed matter studies and materials science, but also in 
geological, environmental, archeological, medical and biological studies. 

The aim of this tutorial is to leave the listener with a clear idea and accurate intuition 
about what can (and cannot) be achieved with NRP, together with an overview of the areas in 
which it has been successfully applied to date. 



Invited Plenary Lecture  Mo-0900 

Electronic interactions of slow light ions in solids 

 

D. Primetzhofer, S.N. Markin, M. Spitz, D. Göbl and P. Bauer 

Institut für Experimentalphysik, Johannes Kepler Universität Linz, Linz, Austria  

 

  Electronic interactions of ions, like electron-hole pair excitation or charge exchange 

can be understood only when the properties of valence/conduction electrons of the target in 

the presence of the ion are known. In the following, selected aspects of electronic interactions 

are discussed for light ions in the Low Energy Ion Scattering (LEIS) regime, i.e. at ion 

velocities v << vF (vF is the Fermi velocity of the solid). 

  Electronic stopping of slow light ions   

In noble metals (Au, Cu), excitations of sp- and d-electrons were investigated; their 

relevance for stopping power and kinetic electron emission were analyzed. As a result, a clear 

threshold velocity for excitation of d-electrons is observed, vth ≈ 0.18 a.u., as anticipated for a 

binary collision [1, 2]. In insulators (LiF, AlF3, KCl, SiO2) thresholds for the excitation of 

electron-hole-pairs are found [3, 4], e.g. ∼ 0.1 a.u. for LiF (unperturbed band gap Eg = 14 eV) 

– much lower than expected from the unperturbed band-structures of insulators and metals. 

Charge exchange of He+ ions at surfaces 

For charge exchange of He+ ions, two processes are relevant: Auger neutralization 

(AN), and collision induced processes, i.e. reionization (CIR) and neutralization (CIN). 

Experiments in the AN regime yield a pronounced dependence of the ion fraction P+ on the 

crystallographic orientation for noble metal crystals (Cu, Au) [5]. In the CI regime, a 

surprisingly large information depth was observed, except for experiments in double 

alignment conditions. In order to regain surface sensitivity in LEIS, information is needed on 

the energy dependences of the probabilities for neutralization and reionization, PCIN and PCIR. 

With these quantities, the information depth can be modelled in a quantitative way. 

 
 

[1] J.E. Valdés, J.C. Eckardt, G.H. Lantschner, and N.R. Arista, Phys. Rev. A 49 (1994) 1083. 
[2] S.N. Markin, D. Primetzhofer, S. Prusa, and P. Bauer, Phys. Rev. B 78 (2008) 195122. 
[3] S.N. Markin, D. Primetzhofer and P. Bauer, Phys. Rev. Lett. 103 (2009) 113201. 
[4] L.N. Serkovic Loli, E.A. Sánchez, O. Grizzi, N.R. Arista, Phys. Rev. A 81 (2010) 022902.  
[5] D. Primetzhofer, S.N. Markin, J.I. Juaristi, E. Taglauer, P. Bauer, Phys. Rev. Lett. 100 (2008) 213201. 



Mo-0945 

Energy-Loss Straggling in Equilibrium 
 

P. Sigmunda) and A. Schinnerb) 

a) Dept. Physics & Chemistry, Univ. Southern Denmark, 5230 Odense, Denmark 
b) Inst. Exp. Physik, Joh-Kepler Univ. Linz, A-4040 Linz, Austria 

 
Energy-loss straggling of swift ions is known to obey the Bohr (1915) formula over a 

significant part of the parameter space spanned up by atomic numbers and projectile speed. 
This is particularly true for light ions at velocities well above the stopping maximum. 
However, major deviations have been documented. 

Bohr’s formula is based on a homogeneous gas of free independent electrons at rest 
and a point charge with v<<c. Apart from relativistic corrections there are several effects that 
need consideration. They may be grouped into effects relevant for the mean energy loss, and 
those that are specific to straggling. 

Necessary corrections in the first group are related to binding of the target electrons 
and screening of the projectile and result in a shell correction, a Barkas-Andersen correction 
and a charge-state dependence. There may also be a Bloch correction, which is known to 
vanish for a stripped projectile. In addition there is projectile excitation and energy loss by 
charge exchange. Several effects have been analyzed in ref. [1].  

This work addresses effects which do not enter the stopping cross section and which we 
classify as follows, 

1) Bunching takes into account the spatial distribution of electrons around the atoms, 
2) Packing takes into account the spatial correlation between atoms in molecular gases 

and solids, 
3) Charge-exchange straggling takes into account the dependence of the stopping cross 

section on the ion charge. 
The dependence on beam energy of bunching and packing follows an S2 law, where S is 

the stopping cross section. While the bunching correction is always positive, the packing 
correction is positive for a molecule but negative for amorphous and crystalline solids. The 
magnitude depends on the ion-target combination, so that the combined effect may have 
either sign. For heavy ions on heavy targets the bunching correction dominates and may be 
very large. Our results [2] are found compatible with empirical data for heavy ions [3] and 
antiprotons [4]. 

Charge-exchange straggling has been evaluated on the basis of ref. [5] and is shown to be 
proportional to (dS/dq)2, where q is the ion charge. The effect is positive and competes with 
bunching. It may come close to a factor of two, but bunching tends to dominate [6]. 
 
[1] P. Sigmund, A. Schinner, Eur. Phys. J. D 23, 201 (2003) 
[2] P. Sigmund, A. Schinner, Eur. Phys. J. D, in press 
[3] Q. Yang, D. J. O’Connor, Z. Wang, Nucl. Instrum. Methods B 61, 149 (1991) 
[4] S. P. Møller et al, Eur. Phys. J. D 46, 89 (2008) 
[5] P. Sigmund, Nucl. Instrum. Methods B 69, 113 (1992) 
[6] P. Sigmund, in preparation 



Mo-1010 

Charge-State Evolution of Swift-Heavy-Ion Beams Explored by Matrix Method 

 

O. Osmania),b) and P. Sigmundc) 

a) Faculty of Physics, CeNIDE, Univ. Duisburg-Essen, 47048 Duisburg, Germany 
b) Dept. Physics and OPTIMAS, Techn. Univ. Kaiserslautern, 67653 Kaiserslautern, 

Germany 
c) Dept. Physics & Chemistry, Univ. Southern Denmark, 5230 Odense, Denmark 

 

The evolution of the distribution of charge states in a beam of swift heavy ions is a 
central aspect in most branches of ion beam physics. The primary theoretical tool is a set of 
rate equations which is commonly used both in the analysis of experiments and in attempts to 
predict charge fractions on the basis of input in the form of cross sections for electron capture 
and loss, and possibly other pertinent processes such as Auger decay. Another popular tool is 
Monte Carlo simulation with equivalent input.  

A third tool, developed many years ago but never explored, operates with an algebraic 
solution of the Markov problem, which can be written as an exponential of a matrix which 
contains all pertinent cross sections [1]. In this contribution we report about our 
implementation of this method.  

The three tools mentioned above are equivalent as far as physics is concerned, but 
there are significant differences computationally, which become severe when many states are 
involved. Unlike numerical solution of the rate equations, the matrix method determines a set 
of charge fractions directly at the desired pathlength. The initial charge fraction enters, but 
error pile-up by stepwise integration is avoided. Unlike Monte-Carlo simulation, where 
computation times get excessive when many states are involved, our scheme has turned up to 
be efficient and accurate even for as many as 100 states. 

We have performed systematic comparisons with the ETACHA code of Rozet et al 
[2]. In general we find excellent agreement on the basis of (nearly) identical input. This holds 
for both the transient behavior and the asymptotics. Apart from well-known deficiencies at 
low beam energies where cross sections become questionable, we regularly find cases where 
ETACHA predicts the asymptotic charge fractions to depend on the initial state. Another 
feature which is avoided in the matrix method is sudden changes in slope at characteristic 
pathlengths which are presumably due to numerical difficulties in the integration algorithm.  

Systems studied in detail include carbon, sulphur and chlorine ions in carbon at 
energies in the lower MeV/u range. Comparisons have also been made with selected 
experiments. 
 

[1] P. Sigmund, Nucl. Instrum. Methods B 69, 113 (1992) 
[2] J. P. Rozet, C. Stephan and D. Vernhet, Nucl. Instrum. Methods B 107, 67 (1996) 



Invited Plenary Lecture  Mo-1100 

Irradiation of Nanoporous Materials 

 

Eduardo M. Bringa 

CONICET & Instituto de Ciencias Básicas, Universidad Nacional de Cuyo, Mendoza, 

Argentina 

 

Nanoscale porosity appears in solids under a number of conditions: due to radiation 

damage in nuclear reactors, during the initial stages of ductile failure, due to fabrication or 

synthesis methods of certain materials, in astro-materials like satellite regolith and interstellar 

grains, etc. Using atomistic molecular dynamics (MD) simulations, we analyze the radiation 

damage and surface modification of materials with various nano-scale porosities, where 

experimental techniques can be difficult to use and interpret.  

We consider two distinct irradiation scenarios: (a) irradiation with ions with energies 

in the range 1-25 keV, of interest for fusion and fission energy applications; (b) swift heavy 

ion irradiation, with energies up to few GeV, relevant for track formation and interstellar 

grain evolution. In general, we find that irradiation effects have larger spatial extent than for 

compact, full-density solids, and include the production of point-defects and twins which 

change the mechanical properties of the porous samples.  

We analyze the swift-heavy ion induced sputtering yield of these nanoporous materials 

using a thermal spike model in our MD simulations. Sputtering is compared to equivalent 

results in full density solids [1,2]. We find that porosity enhances the mass and energy 

transport both perpendicular and parallel to the surface of the target, leading to ejection of 

atoms which originate deep into the sample or far away from the ion track.  

Some of this work has been carried out in collaboration with D. Farkas, J. Monk, A. 

Caro, J. Rodriguez-Nieva, T. Cassidy, and R.E. Johnson. 

 
[1] E.M. Bringa  and R.E. Johnson, Phys. Rev. Lett. 88 (2002) 165501.  
[2] R. Devanathana, P. Durhamb, J. Dua, L.R. Corralesa and E.M. Bringa, Nuclear Instruments and Methods in 
Physics Research Section B 255 (2007) 172. 
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Ultrafast Band-Structure Variations Induced by Fast Heavy Ions in BeO 

 

G. Schiwietz1, K. Czerski1,2, M. Roth1, P.L. Grande3, V. Koteski4, F. Staufenbiel1 
1Helmholtz-Zentrum Berlin, Germany, 

 2Uni. Szczecinski, Poland, 
3UFRGS, Porto Alegre, Brazil, 

4VINCA Institute, Belgrade, Serbia 

 

Auger-electron spectra associated with Be atoms in the pure metal lattice and in the 

stoichiometric oxide have been investigated for different incident charged particles at velocit-

ies of 6 to 10% the speed of light. The local energy deposition of such fast primary particles 

in solids is dominated by electronic excitations. Most details of the energy deposition are rela-

tively well understood and different theoretical concepts yield results that are roughly in 

accord with experiment and with each other [1-2]. However, the electronic energy dissipation 

and relaxation is much less understood and the use of fast heavy ions may give rise to high 

electron temperatures (no equilibrium with the lattice) [3] and correspondingly to unexpected 

results.  

Specifically for the experiments with Be and BeO targets, a thick Ta block was 

mounted in front of the spectrometer’s channel-plate detector to significantly reduce the count 

rate due to nuclear reactions. As discussed previously, thin BeO films of about 3 nm thickness 

have been prepared (without net erosion effects [4]) by implanting 500 eV oxygen ions 

continuously into the Be bulk sample. In the actual investigation, we have found strong 

differences in the spectral distributions of Be-K Auger lines, when comparing incident 

electrons, Ar7+ and Ar15+ ions as well as Xe15+ and Xe31+ ions. These differences are related to 

changes in the local electronic band structure of BeO on a femtosecond time scale after the 

passage of highly charged heavy ions. It will be shown that the present BeO Auger data are 

inconsistent with the usual factorization of total (occupied plus unoccupied) electronic 

density-of-states and the Fermi-Dirac distribution as a multiplicative population factor. 

 
[1] G. de M. Azevedo et al., Phys.Rev.Lett. 86, 1482 (2001), P.L. Grande and G. Schiwietz,   
     in “Advances in Quantum Chemistry”, 45, pp.7 (ed. by J. Sabin, 2004, Elsevier). 
[2] P. Sigmund, NIM-B135, 1 (1998), A. Schinner, P. Sigmund, NIM-B195, 64 (2002). 
[3] G.Schiwietz et al, Europhys.Lett. 47, 384 (1999); G. Schiwietz et al., NIM-B226,   
     683 (2004); F.Staufenbiel et al, NIM-B230, 426 (2005). 
[4] K. Czerski et al., NIM-B225, 72 (2004). 



Mo-1210 

Grazing Scattering of MeV HeH+ Ions from KCl(001): 

Effect of Surface Track Potential 

 

M. Sakata, K. Nakajima, M. Suzuki and K. Kimura 

Department of Micro Engineering, Kyoto University, Kyoto 606-8501, Japan 

 

When fast ions impact on an atomically flat surface at a grazing angle of incidence, the 

ions are reflected at a specular angle without penetration into the solid.  It is known that 

hundreds of secondary electrons (SEs) are ejected during grazing scattering of MeV ions from 

insulator surfaces [1].  Such a large number of SEs may create a positive surface track 

potential behind the projectile ion.  There were several attempts to detect the surface track 

potential by observing convoy electrons emitted during grazing scattering from insulator 

surfaces [2 - 4].  The convoy electrons are expected to be decelerated by the surface track 

potential.  Although the deceleration of convoy electrons was observed in the first 

measurement [2], a careful new measurement showed acceleration instead of deceleration [3].  

A possible origin of this discrepancy could be macroscopic charging [4].  Thus the existence 

of the surface track potential is still in controversy.   

In this work, the surface track potential was studied using 1 – 2 MeV HeH+ as a probe.  

Angular and energy distributions of H+ ions dissociated from HeH+ during grazing scattering 

from a KCl(001) surface were observed.  In this measurement, the beam current was kept far 

below fA to avoid the macroscopic charging.  We found that H+ ions traveling behind He 

ions (trailing H+) are scattered at angles larger than the specular angle.  This indicates that 

the motion of the trailing H+ ion is affected by the surface track potential induced by the 

leading He ion.   

 
[1] K. Kimura, S. Usui, K. Maeda and K. Nakajima, Nucl. Instr. and Meth. B 193 (2002) 661. 
[2] G. R. Gómez, O. Grizzi, E. A. Sánchez and V. H. Ponce, Phys. Rev. B 58 (1998) 7403. 
[3] V. H. Ponce, L. F. de Ferrariis, O. Grizzi, M. L. Martiarena, E. A. Sánchez, Nucl. Instr. and Meth. B 232 
(2005) 37. 
[4] K. Nakajima, A. Nakamoto, M. Suzuki and K. Kimura, Nucl. Instr. and Meth. B 248 (2006) 21. 
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The pattern formation on KBr(001) and TiO2(110) surfaces induced by 2-4 keV Ar 

and He ion beam at oblique angles of incidence has been studied by means of high-resolution 

non-contact atomic force microscopy (KBr) and  by scanning tunneling microscopy (TiO2) in 

UHV. Both the temperature and the fluence dependent evolution of the irradiated surface 

topography were investigated. We have found several new features of the process directly 

related to the ionic nature of the bombarded surfaces, such as formation of 2D pits and 

rectangular 2D epitaxial adislands on the initially atomically flat terraces. For KBr at low 

bombardment fluence the evolution of the 2D pits and adislands proceeds along main surface 

crystallographic directions. For prolonged ion bombardment the topography of both surfaces 

transforms into a regular network of grooves and rims (a ripple structure) oriented parallel to 

the incident beam. It will be demonstrated that the fluence threshold for transition from a 

random network of 2D pits and/or adislands into a well oriented crystalline nano-ripple 

structure is directly related to the balance between the electronic and ballistic stopping of the 

impinging ions. The results will be discussed within the frame of existing models for surface 

erosion by ion sputtering. 

 
* Permanent address: Dept. of Physics, College of Science, University of Sulaimani, Kurdistan, IRAQ 
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Surface modifications induced by the irradiation with ions have been investigated for 

long time. Depending on their energy the ions create a crater resulting from nuclear sputtering 

or can induce the formation of hillocks at high kinetic energies. For highly charged ions (HCI) 

the situation is more complex. In addition to their kinetic energy HCI posses also potential 

energy which is the sum of the ionization energies to create them. This large amount of 

potential energy is released when interacting with solids and deposited into a small volume 

close to the surface. The resulting high excitation can thus induce various effects, like 

secondary electron emission, potential sputtering, and finally also permanent surfaces 

modifications [1].  

Systematic investigations of surface modifications induced by highly charged ion on 

different materials have revealed many interesting mechanisms. On CaF2 surfaces hillock 

structures are formed by the impact of HCI due to a localized phase transition [2]. In the case 

of the alkali halide crystal KBr the formation of nanostructures results from the desorption of 

surface atoms from a single ion impact site [3]. In both cases a threshold in the potential 

energy for the formation of the structure has been identified and could be interpreted in the 

frame of the applied models. However, still a unified picture of these effects is missing.  

 
This work has been supported by the European Project ITSLEIF (RII3#026015). 
 
[1] S. Facsko, R. Heller, A. S. El-Said, W. Meissl and F. Aumayr, J. Phys.: Cond. Matter 21, 2240122 (2009) . 
[2] A. S. El-Said, R. Heller, W. Meissl, R. Ritter, S. Facsko, C. Lemell, B. Solleder, I. C. Gebeshuber, G. Betz, 

M. Toulemonde, W. Moller, J. Burgdorfer and F. Aumayr, Phys. Rev. Lett. 100 237601 (2008). 
[3] R. Heller, S. Facsko, R. Wilhelm, and W. Möller, Phys. Rev. Lett. 101, 096102 (2008).  
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Swift heavy ions (SHI, M≥20mp, E>1 MeV/u) spend more than 95 % of their energy in 
solids for electronic excitations (10 – 70 keV/nm). In alkali halides a part of this excess 
electronic energy converses into point defects (F - and H - color centers) via decay of self-
trapped excitons generated by valence holes forming during target ionizations by a projectile 
and fast electrons in the nanometric vicinity of the SHI trajectory. We demonstrate that the 
spatial propagation of created electronic excitations is responsible for formation of the defect 
halo of SHI tracks in alkali-halides.  

The radiuses of the defect halos were extracted from the experimental data on the 
fluence dependencies of the defect concentrations in LiF and NaCl crystals irradiated at 
UNILAC linear accelerator (GSI, Darmstadt) with different ions from carbon to uranium 
(energies up to 11 MeV/u) at cryogenic and room temperatures [1]. It was assumed that 
saturation of these dependencies, when the fluence increases, indicates overlapping of the 
defect halos of neighbor SHI tracks. 
 The Monte-Carlo method was used to determine the initial spatial distributions of the 
valence holes created by projectiles and fast electrons generated in SHI tracks. This code was 
also successfully applied recently to description of excitation and relaxation of the electronic 
subsystem of quartz irradiated with SHIs [2]. 

For all ions the experimentally observed radiuses of the defect halos exceed 
considerably the characteristic radiuses of the initial distributions of valence holes in SHI 
tracks. Taking this into account we conclude that the size of the defect halo of a SHI track is 
formed due to spatial spreading of electronic excitations during short times (~1 ps) before 
self-trapping of holes or excitons. Assuming valence holes as the dominant carriers for this 
process, the above mentioned difference gives us the estimation of the diffusion coefficient of 
valence holes in excited SHI tracks (Dh ≈ 10-50 cm2/s). This value is close to that obtained in 
the direct experiments [3]. 

 
[1] K. Schwartz, A. E. Volkov, M. V. Sorokin, et al., Phys. Rev. B 78 (2008) 024120 
[2] N.A. Medvedev, A.E. Volkov, B. Rethfeld, N.S. Shcheblanov, Nucl. Instr. and Meth. B, 

http://dx.doi.org/10.1016/j.nimb.2010.03.021. 
[3] R. T. Williams, K. B. Ucer, J. L. LoPresti, Rad. Measurem,ents.33 (2001) 497 
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Fast atoms and molecules with energies from 200 eV up to 60 keV are grazingly 

scattered from a clean and flat KCl(001) surface. For scattering along low-indexed axial 

channels, we observe defined peaks in the angular distributions of scattered projectiles. 

Depending on the projectile energy, the peaks can be attributed either to quantum [1-3] or 

classical rainbow-scattering [4] caused by the corrugated interaction potential. For projectile 

energies below 2 keV, the experimental results for the scattering of light atoms H, D, 3He, and 
4He as well as H2, D2, and HD molecules can be ascribed to atom diffraction with de Broglie 

wavelengths as low as about 10−3 Å. Based on the evaluation of such diffraction patterns one 

can derive the widths of axial channels and the corrugation of the interaction potential. 

Classical rainbow-scattering is observed for He, Ne, Ar and N atoms with projectile energies 

above 2 keV. On the basis of classical trajectory calculations, we derive from comparison 

with the experimental data the effective interaction potential of He, Ne, Ar and N atoms in 

front of a KCl(001) surface. Fair agreement is found for DFT as well as individual pair 

potentials calculated from Hartree-Fock wave functions, where the charge state of K and Cl 

ions located at lattice sites of the ionic crystal has to be taken into account. For the 

generalized ZBL (Ziegler, Biersack and Littmark) and OCB (O’Connor and Biersack) 

potentials, the agreement for interaction energies below 20 eV is found to be poor. For the 

regime of atom diffraction, we compare experimental and calculated diffraction charts to 

determine the corrugation of the interaction potential and the rumpling [5] of the topmost 

layer of the surface.   

 
[1] A. Schüller, S. Wethekam, H. Winter, Phys. Rev. Lett. 98 (2007) 016103. 
[2] P. Rousseau, H. Khemliche, A. G. Borisov, P. Roncin, Phys. Rev. Lett. 98 (2007) 016104. 
[3] A. Schüller, H. Winter, Phys. Rev. Lett. 100 (2008) 097602. 
[4] A. Schüller, H. Winter, K. Gärtner, Euro. Phys. Lett. 81 (2008) 37007. 
[5] J. Vogt, H. Weiss, Surf. Sci. 491 (2001) 155. 
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Recent advancements in precision engineering have made nanofabrication a great 

success and of immense interest among scientific community.  Nanostructures like nanowires, 

nano-tubes, nano-fibers, nano-cantilevers, and nano-springs are building blocks of future 

technology and focused ion and electron beam chemical vapor deposition  (FIB-CVD and 

FEB-CVD) have proved themselves as potential and powerful contrivances for fabricating 

such nanostructures. In this talk, I shall present variety of nanostructures fabricated by our 

group. I shall also demonstrate fabricating very simple but useful structures for exploring both 

science and technology. Most of the work has been on fabricating sensors, MEMS, 

semiconductor- and metallic-nanostructures. From nano-thermal sensors, mass sensors, opto-

electronic structures to plasmonic structures will be discussed. Most of the works are first of 

its kind and was possible with the help of FIB fabricated nanostructures. 
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In the recent years we have witnessed a great boom in the interest in techniques to 

manipulate and pattern matter on the nanoscopic scale. The top-down approach usually 

suffers from the low efficiency and it generally fails when approaching the atomic scale, thus 

gradually more and more attention is being paid to the methods based on self-organization. 

Sputtering of the surface with an ion beam can also lead to the self-organized formation of 1D 

and 2D nanoscopic periodic patterns when the proper conditions are applied [1]. 

We have performed a scanning probe microscopy (SPM) study of the surface morphology 

development of a Ni(001) surface upon low energy Ar+ ion bombardment. In agreement with 

previous studies on metallic surfaces [2], we observe the formation of a ripple structure for 

ion beam incident angles exceeding 60° measured from the surface normal. At lower angles, 

uncorrelated roughening of the surface takes place. For increasing fluence we observe a 

pattern coarsening. 

Further, we implemented a continuous equation simulation that takes into account two 

main terms driving the surface morphology evolution: kinetic roughening induced by ion 

beam bombardment, and nonlinearity induced by the dependence of the sputtering yield on 

the local incident angle. This simple model turns out to be sufficient to reproduce the main 

trends observed experimentally, including the pattern coarsening. In contrast to most of the 

theoretical models, we take into account the full non-perturbative term for the nonlinearity, 

which seems to be important for the ripple formation at grazing incident angles.  

 
[1] S. Facsko et al., Science 285, (1999) 1551 
[2] K. Zhang et al., New J. Phys. 9 (2007) 29 
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Amorphous materials subjected to high-energy ion irradiation show irreversible 

anisotropic plastic flow at temperatures far below the glass transition temperature. They 

shrink in the direction of the ion beam and expand in the direction perpendicular to it [1]. On 

the other hand, for crystalline materials direct irradiation-induced deformation has never been 

observed. To overcome this limitation, a new strategy has been recently adopted to shape 

metallic nanoparticles (NPs) [2,3]. Deformation can be induced indirectly by embedding the 

NPs into an ion-deformable amorphous host matrix. Having recourse to this technique, 

spherical NPs can be deformed into prolate nanorods and nanowires, with an aspect ratio that 

can be tuned by varying the irradiation conditions (ion type, energy and fluence), figure 1(a).  
 

 
 

Figure 1: Different ion-shaped morphologies: a) nanorods/nanowires, b) facetted-
like and c) wings-like nanowires. 

 
We show that the ion-shaping mechanism is not only limited to the 

nanorods/nanowires transformations, but that, depending on the NP size and irradiation 

conditions, different classes of ion-shaped NPs can also be obtained. Here we present the 

transformation of the embedded NPs from spherical into facetted-like morphology, figure 

1(b), [4], and the growth of wing-like nanowires along the ion beam, figure 1(c), [5]. This 

work widens the potentialities of the ion-engineering technique to shape embedded 

nanostructures into nonconventional configurations, allowing, simultaneously, to tune the 

optical features of the corresponding composite glasses. 

 
[1] S. Klaumünzer, et al, Phys. Rev. Lett. 51 (1983) 1987 
[2] C. D’Orléans et al., Phys. Rev. B 67 (2003) 220101 
[3] E.A. Dawi et al, J. Appl. Phys. 105 (2009) 074305 
[4] G. Rizza et al, Appl. Phys. Lett. 95 (2009) 043105 
[5] G. Rizza et al, (submitted) 
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Sputtering theory has existed as a mature and well-understood field of physics since 

the theory of collision-cascade sputtering has been developed in the late 1960ies. In this 

presentation I will outline several directions, in which our basic understanding of sputter 

phenomena has been challenged and new insight has been obtained recently. 

Rough surfaces: Real surfaces are rough and contain surface defects (adatoms, surface 

steps, etc). In particular, for grazing ion incidence, these influence the energy input into the 

surface dramatically. For incidence angles, for which sputtering vanishes for a flat terrace, ion 

impact close to a defect may lead to sputter yields comparable to those at normal incidence. In 

such cases of grazing incidence, sputtering also exhibits a pronounced azimuth and 

temperature dependence.  

Sputtering of molecular solids: After ion-impact on a molecular solid, not all of the 

impact energy is available for inducing sputtering. Part of the energy is converted into internal 

(rotational and vibrational) excitation of the target molecules, and part is used for molecule 

dissociation. Furthermore, exothermic or endothermic chemical reactions may further change 

the energy balance in the irradiated target. 

Nanoparticle desorption: Usually, the flux of sputtered particles is dominated by 

monatomics; in the case of a pronounced spike contribution to sputtering, the contribution of 

clusters in the sputtered flux may become pronounced. When a molecular solid is bombarded, 

the target molecules may contribute strongly to the sputtered flux. Here, I will discuss the 

situation that nanoparticles were present on the surface, and outline mechanisms of how these 

may be desorbed (more or less intactly) by ion or cluster impact. 
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Reciprocity denotes the fact that the electronic energy loss of two colliding atoms is 

independent of the frame of reference. This implies that for slow penetrating ions, which are 

electrically neutral, the electronic stopping cross section – taken in units of energy times area 

-- for A on B should be the same as for B on A at the same projectile speed. It has been 

demonstrated [1] that reciprocity is approximately fulfilled for a large number of ion-target 

combinations up to approximately the Bohr speed, even though projectiles are not completely 

neutral. Gas-solid differences and insulator-metal differences were, somewhat surprisingly, 

found to play a very minor role. 

In this study we explore reciprocity as a tool in developing improved data on low-

energy electronic stopping. This implies 

1) Determining missing stopping cross sections S(AB) on the basis of reliable existing 

data for S(BA), 

2)  Improved interpolation and averaging by including both S(AB) and S(BA) in the 

procedure, 

3) Identifying errors due to e.g. inadequate corrections for nuclear stopping. 

With this in mind, a computer program has been developed to extract stopping data for 

AB-BA pairs from Paul’s database [2]. This program is sufficiently flexible to allow for 

updated input in the database and for minor deviations from the standard format. 

Applications have, so far, focused on ion-target combinations involving carbon, 

nitrogen, aluminium, silicon and argon. A most useful application area is low-velocity 

stopping of a very heavy ion A in a light target material B where nuclear stopping tends to 

dominate. Here, the inverse case of B in A can frequently provide a more accurate estimate of 

electronic stopping than analysis of a range profile of A in B. The latter method plays a key 

role in the SRIM code [3]. 

 
[1] P. Sigmund, Eur. Phys. J. D 47, 45 (2008) 
[2] H. Paul, http://www.exphys.uni-linz.ac.at/stopping/ 
[3} J. F. Ziegler, http://www.SRIM.org 
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Excitation of solids irradiated with swift heavy ions (SHI) begins from extremely high 

excitation of their electronic subsystem. Subsequent transfer of the excess energy to the lattice 

results in structure transformations or even material sputtering. Frequently, such processes are 

described in the framework of the thermal spike (two-temperature) model where the states of 

the electronic and ionic subsystems of a solid are treated in terms of temperatures and the 

difference between these temperatures determines the energy exchange rate.  

In this research we propose the method of verification of applicability of the 

temperature and heat diffusion conceptions for description of extremely high material 

excitation in SHI tracks. The method is based on the temporal analysis of the evolutions of the 

local kinetic and configurational temperatures of the lattice [1].  

For this purpose we apply the molecular dynamics (MD) approach and use solid argon 

as the model system. Cylindrical symmetry of the excitation is assumed. The results from MD 

simulations demonstrate that (a) the equilibration of the lattice excitation, upon which the 

temperature based approach can be used, needs time on the order of several picoseconds 

depending on the parameters of the initial excitation, and (b) for sufficiently high gradients 

the spatial and temporal propagation of the excitation in the lattice can not be described by the 

parabolic heat diffusion equation. Application of the extended irreversible thermodynamics 

approach [2] with taking into account the finite velocity of temperature front propagation to 

the description of lattice excitation in SHI tracks is discussed. 

 
[1]. J. G. Powles, G. Rickayzen, and D. M. Heyes, Mol. Phys. 103, 1361 (2005).  
[2]. D. Jou, J. Casas-Vázquez, and G. Lebon, Extended Irreversible Thermodynamics, 3rd ed. (Springer-Verlag, 

Berlin, 2001). 
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 The angular distribution of molecules desorbed by 20-keV C60
+ projectiles were 

experimentally investigated by means of laser photoionization coupled with a time-of-flight 

mass spectrometer that utilizes a position sensitive detector.  The sputtering dynamics of 

highly energetic cluster ion beams with various surfaces have always been predicted by 

nonlinear emission models to eject particles with angular distributions peaked along the 

surface normal[1].  However, recent data indicate this is not the case for highly energetic C60 

primary ions bombarding a thick organic system.  We demonstrate for the very first time 

when C60 primary ions bombard a thick organic film comprised of benzo[a]pyrene molecules 

at normal incidence, the angular distribution integrated over all kinetic energies peak around 

30°.  Upon resolving the angular distribution for intact molecules that are ejected above 

kinetic energies of 2 eV, it is clear the fast moving molecules are the primary contributors to 

the angular distribution peak.  Due to the nature of the sputtering dynamics for C60 ions 

eroding a surface, the crater rim has been identified as the region where intact molecules are 

ejected from while fragmented molecules are predominantly released nearest the core of the 

impact zone[2].  Recently, molecular dynamics simulations have described the sputtering of 

organic systems by C60 as a process that involves fast energy deposition followed by fluid 

flow emission of molecules[2-5].  With the combination of the experimental and molecular 

dynamics simulations findings, we will demonstrate the desorption of intact molecules 

stimulated by C60 primary ions are governed by the dynamics of fluid flow concepts which 

ultimately result in angular distributions never before predicted.   

 
[1] H. Gnaser, Energy and Angle Distributions of Sputtered Species, In Sputtering by Particle Bombardment, 

Springer: New York /Heidelberg, 2007, Vol. 110, pg. 231. 
[2] B.J. Garrison, Z. Postawa, K.E. Ryan, J.C. Vickerman, R.P. Webb, N. Winograd, Anal.Chem. 2009, 81, 

2260. 
[3] M.F. Russo, C. Szakal, J. Kozole, N. Winograd, B.J. Garrison, Anal. Chem. 2007, 79, 4493. 
[4] K.E. Ryan, B.J. Garrison, Anal. Chem. 2008, 80, 6666. 
[5] M.F. Russo, K.E. Ryan, B. Czerwinski, E.J. Smiley, Z. Postawa, B.J. Garrison, Appl. Surf. Sci. 2008, 255, 

897. 
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Sputtering occurs as a result of deposition of kinetic or potential energy on a target after 

bombarding the surface with swift particles. We present results on sputtering of secondary ions 

from LiF induced by swift heavy ion impact.  A new UHV system [1] allows measuring the mass 

distributions and the velocity vectors of 

each emitted secondary ion by means of 

time-of-flight and imaging techniques (XY-

TOF-SIMS) with well prepared target 

surfaces. The experiments were performed 

at GANIL (Grand Accélérateur National 

d’Ions Lourds) with Fe (4,8 MeV/u), Ca 

(7,6 MeV/u) and Kr (10,1 MeV/u) beams 

(electronic stopping regime). 

 The figure shows an example of the position Y on the 2D XY detector (related to the width 

of the angular distribution) as a function of the time of flight for the emitted secondary ions from a 

target LiF bombarded by Kr31+ (10,1 MeV/u). In addition to the broad photon peak (covering the 

whole detector area), the omnipresent hydrogen and the two isotopes of natural LiF (6Li+ and 7Li+) 

are observed. Furthermore, two groups of clusters, namely 7Lin
+ and (LiF)mLi+ appear. It can 

already be seen that the width of the angular distribution depends on the secondary ion. From the 

TOF and the positions (XY) on the detector, it is possible to calculate the mass, the energy and the 

angular distributions of each emitted ion [2]. We present the evolution of energy distributions with 

the stopping power of the beams. Furthermore, we compare the angular distributions of atomic and 

cluster ions to those of emitted neutrals [3].   

 
[1] S. Akcöltekin, I. Alzaher, B. Ban d’Etat, T. Been, P. Boduch, A. Cassimi, H. Hijazi, H. Lebius, B. Manil, J.M. 

Ramillon, H. Rothard, M. Schleberger, E.F. da Silveira., NIM B267 (2009) 649 
[2] J. Lenoir, P. Boduch, H. Rothard, B. Ban-d’Etat, T. Been,  A.Cassimi, T. Jalowy, H. Lebius, B. Manil, J.M. 

Ramillon.,  NIM B 258 (2007) 178 
[3] M. Toulemonde, W. Assmann, C. Trautmann, F. Grüner, Phys. Rev. Lett. 88 (2002) 057602 
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We have used laser ionization and time-of-flight mass spectrometry to investigate the 

internal excitation of neutral clusters that were generated by sputtering from a solid Indium 

surface under bombardment with 15-keV Xe+ ions. The sputtered neutral particles were post-

ionized at a distance of about one millimeter above the surface by single photon absorption 

from a tunable, frequency doubled UV laser. In order to gain information about the internal 

(vibrational) excitation of the sputtered clusters, the photoionization efficiency (PIE) curves 

were collected with the photon energy being varied around the ionization energy in a range 

between 4.2 – 6 eV. The results are compared with the PIE curves of supposedly cold Indium 

clusters which were produced by a supersonic nozzle expansion using a laser vaporization 

source and investigated under otherwise identical conditions. As a result, sputter generated 

clusters show a distinctive broadening and shift of the PIE curve in the threshold region, thus 

illustrating the influence of the sputtering process in increasing the internal energy of the 

ejected clusters. The experimental PIE curves are interpreted in terms of a simple model using 

the internal temperature and ionization energy of the cluster as fitting parameters. Depending 

on the cluster size, internal temperatures between 3850 K and about 1000 K are found for 

sputtered Inn clusters emitted from a polycrystalline Indium target. Moreover, it is found that 

only a small fraction of the total vibrational degrees of freedom are effective in reducing the 

apparent ionization potential of a sputtered cluster.  
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Since its discovery in 2002 [1], capillary-guiding of charged particles has become an 

intensively studied field. The basic concept is the transmission of charged particles through 

insulating nano-sized capillaries under incident angles much larger than the geometrical 

limitation due to the self-organized formation of charge-patches at the inner wall [2, 3]. 

Recently, we were able to show the validity of this so-called guiding effect up to a meso- and 

even macroscopic length-scale of straight glass capillaries [4, 5].  

In this work we present first temperature dependent transmission measurements of highly 

charged ions through a single, high aspect ratio glass capillary (length about 1cm, aspect ratio 

about 80) made of Pyrex (borosilicate glass).  The measurements were carried out using 

beams of 4.5 keV Ar9+ ions produced by the Vienna 14.5 GHz electron cyclotron resonance 

ion source applying a recently developed and built temperature regulated sample holder, 

which utilizes surrounding copper parts in order to assure a uniform temperature over the 

capillary. In order to avoid strong fields and to assure proper symmetry, the capillary‘s 

outside is covered by graphite. Approximately 18 cm behind the entrance of the capillary, a 

position sensitive detector mainly consisting of a Chevron-type micro-channel-plate and a 

wedge-and-strip-anode is used to record the transmitted ions.  

By changing the temperature of the glass capillary we are able to manipulate the 

electrical conductivity of the Pyrex by several orders of magnitude and thereby the effect of 

conductivity on the build-up and removal of charge patches in the capillary can be studied. 

We found that the glass temperature (i.e. conductivity) has a large influence on the 

transmission of ions and it can be compensated by adjusting the incident ion flux. 

 
[1]  N. Stolterfoht, et al., Phys. Rev. Lett. 88, 133201 (2002) 
[2]  K. Schiessl, et al. Phys. Rev. A 72, 062902 (2005) 
[3]  P. Skog, HQ. Zhang, and R. Schuch , Phys. Rev. Lett. 101, 223202 (2008). 
[4]  R. J. Bereczky, et al., Nucl. Instr. and Meth. Phys. B 267, 317 (2009)  
[5]  G. Kowarik, et al., Nucl. Instr. and Meth. Phys. B 267, 2277 (2009) 
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Neutral beam injection is expected to be the main plasma heating source for the 

tokamak ITER. In each neutral beam injector (NBI), a 1MeV D- ion beam is partially 

neutralized to form a D neutral beam which is injected in plasma. D- negative ions are created 

and extracted from a low pressure Inductively Coupled Plasma source that must produce a 

high D- current density of 200 A/m². Efficient negative ion sources are thus required for 

ITER.  

Negative ions in plasmas can be formed through electron attachment on molecules or 

through atom or positive ion bombardment of surfaces. Due to its property to reduce 

workfunction of material on which it is deposited, caesium allows for a huge increase of 

negative ion surface production when injected in the discharge. However, Cs can escape the 

ion source and pollute the accelerator stage of the neutral beam injector. Therefore an 

important research effort is presently undertaken to go towards Cs free sources. The present 

work deals with H-/ D- negative ion production on caesium free graphite surface in hydrogen 

and deuterium plasma.  

An energy resolved mass spectrometer is placed in the diffusion chamber of a helicon 

plasma reactor and faces a one square centimetre graphite sample. The sample is negatively 

biased with respect to the plasma potential. Positive ions (H+, H2
+, H3

+ and their isotopes for 

deuterium) strike the sample in normal incidence. Negative ions formed (H- and D-) upon 

bombardment are repelled from the surface toward the plasma and collected by the mass 

spectrometer where they are analysed according to their energy. Under low pressure 

considered, they reach the analyser without any collision. By studying shape and intensity of 

the measured ion distribution functions, we establish the different negative ion production 

mechanisms. We show negative ions are formed through two mechanisms i) backscattering of 

a positive ion with two electron capture [1] ii) sputtering of an adsorbed hydrogen atom with 

one electron  capture [2].  

In this work we present measurements of surface produced negative ion distribution 

functions, and we explain the method used to determine surface production mechanisms.  
 
[1] L Schiesko, M Carrère, G Cartry and J M Layet, Plasma Sources Sci. Technol. 17 (2008) 035023 
[2] L Schiesko, M Carrère, J M Layet and G Cartry, Applied Physics Letters 95, (2009) 191502 
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The excitation of x-ray satellites and hypersatellites for Lα1,2 x-ray transitions in Zr, 

Mo and Pd and Mα1,2 x-ray transitions in Th by fast oxygen and neon ions were studied 

systematically in order to investigate the structure of ionized atoms as well as the dynamics of 

multiple ionization. The high-resolution measurements of L- and M-shell x-rays studied were 

performed at the Philips cyclotron at the Paul Scherrer Institute (PSI) using O ions with 

energies 278.6 MeV and 376.0 MeV  and Ne ions of energy 177.9 MeV. The excited L- and 

M-x-rays were measured with a high-resolution diffraction von Hamos spectrometer [1] 

having an instrumental energy resolution below  1 eV. Reported x-ray hypersatellites for the 

L- and M-shells were observed for the first time. 

I n order to interpret the observed structure of L- and M-shell satellites and 

hypersatellites the relativistic MCDF calculations [2] were performed for multi-vacancy 

configurations, respectively L-l,2M-mN-n and M-mN-n, expected to be excited in collisions of 

studied atoms with O and Ne ions. Performed MCDF calculations allowed to interpret the 

measured x-ray spectra and, taking into account vacancy rearrangement processes [3], to 

determine the ionization probabilities at the moment of collision. The measured probabilities, 

which were compared with the predictions of the semiclassical approximation (SCA) using 

the selfconsistent Dirac-Hartre-Fock (DHF) [4] wave functions, indicate the importance of 

realistic description of electron to be ionized. 

 
[1] J. Hoszowska et al. Nucl. Instr. and Meth. A 376 (1996) 129. 
[2] M. Polasik Phys. Rev. A 52 (1995) 227. 
[3] M. Czarnota et al. J. Phys. Conf. Series 58 (2007) 295. 
[4] Z. Halabuka, W. Perger and D. Trautmann Z. Phys. D 29 (1994) 151. 
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In this work we investigate theoretically the spatial and angular distributions of 

protons channeled in a bent short (11, 9) single-wall carbon nanotube. The proton energy is 1 

GeV and the nanotube length is 7 µm. The nanotube bending angle is varied between 0 and 2 

mrad. The calculations are performed employing the theory of crystal rainbows [1]. The 

interaction of the proton and a nanotube atom is described by the Molière's approximation of 

the Thomas-Fermi interaction potential. The spatial and angular distributions of channeled 

protons are generated by a computer simulation method using the numerical solution of the 

proton equations of motion in the transverse position plane [2-4]. They are explained by the 

rainbow patterns in the transverse position and transmission angle planes, being the images of 

the spatial and angular rainbow patterns in the impact parameter plane, respectively. These 

patterns are also obtained numerically. We discuss the possibility of applying nanotubes for 

producing and guiding nano-sized ion beams. 

 
[1] S. Petrović, L. Miletić, and N. Nešković, Phys. Rev. B 61 (2000) 184. 
[2] S. Petrović, D. Borka, and N. Nešković, Eur. Phys. J. B 44 (2005) 41. 
[3] N. Nešković, S. Petrović, and D. Borka, Nucl. Instrum. Meth. B 230 (2005) 106. 
[4] D. Borka, S. Petrović, N. Nešković, D. J. Mowbray, and Z. L. Mišković, Phys. Rev. A 73 (2006) 062902. 
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Nowadays the use of very low energy bombardment (< 5keV) in secondary ion mass 

spectrometry (SIMS) is a mandatory step to obtain high depth resolution for the 

characterization of ultra shallow junctions. However, increment of roughness during ion 

bombardment leads to the degradation of depth resolution. The effect of low energy 

bombardment with Cs+ ions, which are commonly used for analysis of electronegative 

elements, has not been studied in detail. 

The evolution of surface roughening on silicon at ambient temperature under very low 

impact energies (from 250 eV to 5 keV) using Cs+ ion bombardment with and without sample 

rotation has been studied by means of AFM. The flux has been kept constant at 1.0x1014 

ions/cm2s and the ion fluence has been varied from 1.0x1015 ions/cm2 up to 2.0x1018 ions/cm2 

in both cases. Experiments have been carried out on a SIMS instrument equipped with a low 

energy source. 

It has been found that surface roughening could already appear at low ion doses. 

Besides, ripple formation becomes more important when the ion dose increases. These ripples 

show a perpendicular orientation with respect to the Cs+ beam direction. Their wavelength 

and amplitude have been monitored as a function of the experimental conditions. Roughness 

and wavelength increase with increasing ion fluence. Higher values of ion energy promoted 

higher ripple wavelengths and lower amplitudes. The effect of sample rotation during ion 

bombardment led to a critical reduction of the surface roughness. 
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Although reports on surface nanostructuring of solid targets by low and medium 

energy ion irradiation date back to the 1960s [1,2], only with the advent of high resolution 

tools for surface/interface characterization has the high potential of this procedure been 

recognized as a method for efficient production of surface patterns. Such morphologies are 

made up of periodic arrangements of nanometric sized features, like ripples and dots, with 

possible interest for technological applications due to their electronic, magnetic, or optical 

properties. Thus, roughly for the last ten years large efforts have been directed towards 

harnessing this nanofabrication technique [3]. However, and particularly in view of recent 

experimental developments [4], we can say that the basic mechanisms controlling these 

pattern formation processes remain poorly understood. The lack of nanostructuring at low 

angles of incidence, the role of impurities in the surface dynamics and other recent 

observations are challenging the classic view [5] on the phenomenon as the interplay between 

the curvature dependence of the sputtering yield and surface diffusion. We will address 

current attempts at a theoretical (continuum) description of these systems. Strong hints 

already exist that the nature of the morphological instability has to be rethought as 

originating, rather, in the flow of defects that is induced by the ion beam.  

 
[1] R. L. Cunningham, P. Haymann, C. Lecomte, W. J. Moore, and J. J. Trillat, J. Appl. Phys. 31 (1960) 839. 
[2] M. Navez, C. Sella and D. Chaperot, C. R. Acad. Sci. Paris 254 (1962) 240. 
[3] W. L. Chan and E. Chason, J. Appl. Phys. 101 (2007) 121301. 
[4] See R. Cuerno, L. Vázquez, R. Gago, and M. Castro, J. Phys.: Condens. Matter 21 (2009) 220301, and other 

references in the same issue. 
[5] R. M. Bradley and J. M. E. Harper, J. Vac. Sci. Technol. A 6 (1988) 2390. 
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In order to modify solid materials on a nanometer scale not too many tools are 

available. One way to achieve nano scaled modifications on insulators is to use either swift 

heavy or highly charged ions [1],[2]. The process of modification is then primarly due to 

electronic excitations of the target material and only to a minor extent due to nuclear 

collisions. This opens up new possibilities for changing materials properties which are 

otherwise difficult to achieve on such a small scale. In this talk a few examples for such 

modifications in a variety of materials will be presented and discussed.  

As the number of effects which can be triggered by the impact of energetic ions on any 

given material is limited, the range of interesting modifications might be extended by using 

hetero-systems as target material. The physical properties determining the energy transfer in 

those systems can be distinctively anisotropic. In some cases it might even be possible to 

tailor such systems to control the transport and transition of energy.  

As an example for such a hetero-system we present recent data on the effect of swift 

heavy ion irradiation of graphene layers exfoliated on dielectric surfaces like SiO2 or SrTiO3 

[3]. While the sensitivity of graphene to ion irradiation is not yet well known [4], the reaction 

of typical dielectrics is well studied. The irradiation of the hetero-system shows a surprising 

folding effect of the graphene layer resulting in technologically relevant stripes of bilayer 

graphene. We will present a first approach to understand the mechanism of the ion-induced 

folding process. 

 
[1] E. Akcöltekin, T. Peters, R. Meyer, A. Duvenbeck, M. Klusmann, I. Monnet, H. Lebius,   M. Schleberger, 

Nature Nanotechnology 2 (2007) 290  
[2] A.S. El-Said, R. Heller, W. Meissl, R. Ritter, S. Facsko, C. Lemell, B. Solleder, I. C. Gebeshuber, G. Betz, 

M. Toulemonde, W. Möller, J. Burgdörfer, F. Aumayr, Phys. Rev. Lett. 100 (2009) 237601
[3] S. Akcöltekin, M. El Kharrazi, B. Köhler, A. Lorke, M. Schleberger, Nanotechnology 20 (2009) 155601 
[4] A.V. Krasheninnikov, K. Nordlund, J. Appl. Phys. 107 (2010) 071301  
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Elongation of spherical metal nanoparticles (NPs) and transformation to nanorods 

induced by swift heavy-ion (SHI) irradiation [1] have been extensively studied by many 

groups.  TEM observations showed that the transformation requires the fluence higher than 

1013 - 1014 ions/cm2 even for ~100 MeV heavy-ions; i.e., overlaps of tens to hundreds of 

ion-tracks. 

We have irradiated Zn NPs embedded in silica by 200 MeV Xe14+ ions with an 

incident angle of 45 deg. Diameters of the NPs ranged 8 - 15 nm before the irradiation. At the 

fluence of 7 × 1011 ions/cm2 where only 50% of the surface is covered by ion-tracks, weak but 

certain optical anisotropy due to the elongation of Zn NPs was detected by polarized light 

absorption spectroscopy. It was experimentally confirmed that only one impact of 200 MeV 

Xe ion induces the elongation of Zn NP. From comparisons with calculated absorption spectra, 

it was found that only one impact with 200 MeV Xe ion changed the aspect ratio of the NPs 

from 1.00 to 1.02 or larger.  

 
[1] C. D'Orleans, J.P. Stoquert, C. Estournes, C. Cerruti, J.J. Grob, J.L. Guille, F. Haas, D. Muller, 

M. Richard-Plouet: Phys. Rev. B 67 (2003) 220101. 
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We demonstrate that recurring to a sacrificial metal film, it is possible to guide and 

substantially speed-up the self-organized formation of high aspect ratio nanostructures on a 

supporting dielectric glass substrate during ion beam sputtering (IBS) [1]. Following ion 

irradiation, the polycrystalline gold film self-organises into a disconnected array of laterally 

ordered nanowires [2, 3] which guide etching of the underlying dielectric substrate like a 

stencil mask. In this way it is possible to amplify by more than one order of magnitude the 

amplitude of ripple patterns induced by IBS on glass substrates which, for comparable ion 

doses, would otherwise not be prone to develop a strong instability [4,5]. Analysis of the 

surface roughness spectra reveals that the amplification rate of the large features (above 330 

nm), can be described simply in terms of the ratio of the sputtering yields of substrate and of 

the metal film, while for smaller scale features the amplification rate decreases almost to unity 

and depends on the interplay and on the lateral range of the smoothing and erosive 

mechanisms of the two materials. We also find that, once the glass surface has been 

destabilised by the stencil-mask, its morphology shows a pronounced dynamical evolution 

even after the complete consumption of the sacrificial metal overlayer. This is indicative of 

the onset of non-linear dynamic processes when the aspect ratio of the glass structures 

becomes sufficiently high. 

 
[1] D. Chiappe, A. Toma, Z. Zhang, C. Boragno, F. Buatier de Mongeot, submitted (2010) 
[2] A. Toma, D. Chiappe, B. Šetina Batič, M. Godec, M. Jenko, and F. Buatier de Mongeot, Phys. Rev. B 78, 

153406 (2008) 
[3] A. Toma, D. Chiappe, C. Boragno, and F. Buatier de Mongeot, Phys. Rev. 81, 165436 (2010) 
[4] A. Toma, et al., Nucl. Instrum. Methods Phys. Res. B 230, 551 (2005) 
[5] A. Toma, et al., Appl. Phys. Lett. 93, 163104 (2008)  
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Swift heavy ions (SHI) with masses M > 20 proton mass and energies higher than 

MeV/u (corresponding energy losses ~ 5-10 keV/nm), produce significant structural 

transformations in a nanometric range around their trajectories in insulators. The energy 

losses of a projectile spent for electronic excitations is about two orders of magnitude higher 

than the energy transferred to the lattice via elastic collisions with atoms. 

For the theoretical description of material heating in electronic stopping regime the well 

known Two Temperature Model (TTM) is commonly used. However, for detailed description 

of observed effects of SHI irradiation as formation of nano-hillocks on the surface, creation of 

stable point-like defects (color-centers), it was found that the parameters of TTM need a 

special treatment, which would confine the energy inside a narrow track halo for timescales 

orders of magnitude longer than those given by the usual TTM [1]. The physical reason of 

such manipulations with parameters remained unclear. 

In order to analyze in details the behavior of the electronic subsystem of insulator 

during and after excitation by SHI impact, we have performed classical Monte-Carlo (MC) 

simulations of the irradiation of a solid insulator (SiO2) with a swift heavy ion (Ca+19, E = 

11.4 MeV/u, dE/dx = 2.7 keV/nm) [2,3]. That method allows us to trace the energy-space-

time distribution of electrons and holes, giving all necessary information about the initial 

excitation and relaxation of the material on ultra-short timescales. As soon as the electronic 

subsystem is thermalized, we can apply the TTM model with the initial conditions and the 

parameters calculated on this MC step. 

Such combination of the Monte-Carlo method with Two Temperature Model (MC-

TTM) allows investigating those questions of electronic confinement. The results of our MC-

TTM reveal a new physical view and explain the timescale problems mentioned above, by 

taking into account the energy storage in holes and following release of the energy via Auger 

processes and electron-hole recombinations [3].  
 
[1] E. Akcöltekin, S. Akcöltekin, O. Osmani, A. Duvenbeck, H. Lebius, and M. Schleberger, New J. Phys. 10 

(2008) 053007 
[2] N. Medvedev and B. Rethfeld, Europhys. Lett. 88 (2009) 55001 
[3] N.A. Medvedev, A.E. Volkov, B. Rethfeld, N.S. Shcheblanov, Nucl. Instr. and Meth. B, accepted (2010) 
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Secondary electron emission, induced by slow ions and electrons incident on solids, is 

a phenomenon that reveals high sensitivity to the surface properties of the target materials, as 

demonstrated by a number of spectroscopic techniques and applications, such as scanning 

electron microscopy. Nevertheless, an extensive examination of literature shows that studies 

of secondary electrons from nanostructured materials are lacking, in spite of the peculiarities 

of the phenomenon. 

I will discuss some case studies showing that electron spectroscopy of nanomaterials 

reveals important electronic properties of the targets; furthermore, in combination with ion 

sputtering techniques, electron spectroscopy might provide unique methods for the production 

and simultaneous characterization of nanostructures on surfaces. Early studies [1] showed that 

a submonolayer Sodium film grown on Metal substrates can be converted into two-

dimensional patches by ion bombardment. Spectroscopy of electrons, emitted by 

autoionization of  projectiles excited in collisions with target atoms, reveals the coexistence of 

surface regions with very different work functions which are relatively adsorbate rich and 

adsorbate depleted. More recently, studies of of ion- and electron-induced electron emission 

have been carried out on carbon based nanomaterials [2]. Here, I will report on the energy 

distributions of electrons ejected by the impact of 2 4−  keV He +  ions and  keV 

electrons on graphene adsorbed on a Ni  surface. Ion-induced spectra reveal a high 

energy feature that is consistent with electron promotion form valence to conduction band 

states. The mechanism is governed by the peculiar electronic structure of the material, 

showing the potential of secondary electron spectroscopy for examining the electronic 

properties of nanomaterials. 
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The wide bandgap semiconductor GaN has emerged as an important host for Rare 

Earth-Electro Luminescence( RE-EL). In these applications, GaN is not used as a bandgap 

recombination emitter of blue light, but as a host with large bandgap (3.4 eV) and sufficient 

carrier mean free path. Thus, GaN is considered as one of the best hosts for the RE emitters. 

Ion implantation is promising technique for doping foreign atoms in the materials. Systematic 

studies of the Er implanted GaNs with different doses and annealing temperatures has been 

carried out using Time-resolved Photo Luminescence and RBS/Channeling. PL studies 

combined with RBS/Channeling give an insight into the mechanism of Er luminescence 

activation in GaN matrix. Also Er site dependence on the annealing temperature and 

implantation dose has been studied in detail. An optimal condition of annealing and 

implantation dose for good quantum efficiency has been achieved. The optical properties of 

the Er:GaN system, evidencing their dependence on the parameters adopted during the 

synthesis procedure (Er implantation dose, annealing temperature). RBS/C experiments have 

been carried out to extract the information on the structure of implanted GaN matrix and on 

the nature and environment of the doped Er site. The main result is the activation of a typical 

Er ion giving rise to PL emission in the 1450-1650 nm range, related to radiative 4I13/2→4I15/2 

transitions. For each series, depending on the Er doping dose, we observe a specific behaviour 

linked to variation of the annealing temperature that strongly determines PL emission band 

shape, intensity and lifetime. In general, it is observed that increasing the annealing 

temperature up to 1100°C,  all the three series show a very similar PL spectral shape with 

main peak located at 1542nm and shoulder at around 1558nm (and FWHM of 33nm) with a 

series of weaker PL structures at 1519, 1572 and 1591nm, due to the Stark sub-level splitting. 
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1 VINCA Institute of Nuclear Sciences, 11001 Belgrade, Serbia 

2 II. Physikalisches Institut, Georg-August-Universität Göttingen, 
Friedrich-Hund-Platz 1, 37077 Göttingen, Germany 

 

Recent studies on ion-irradiated Fe/Si [1,2] and Co/Si [3,4] bilayers demonstrate that 

interface mixing, silicide phase formation and magnetic polarization depend sensitively on the 

ion and film parameters, including the structure of the metal/Si interface [2].  Thin Co layers 

e-gun evaporated to a thickness of 30-50 nm on Si wafers were bombarded at room 

temperature with 400-keV Xe ions at fluences up to 3x1016 cm-2; we used either crystalline or 

preamorphized Si wafers the latter ones prepared by 1.5-keV Ar ion implantation. Various 

sets of ion-irradiated and non-irradiated samples were then heated up to 870 K. Changes of 

the bilayer structure induced by ion irradiation and/or annealing were investigated with RBS, 

MOKE and XRD. In particular, Xe-ion mixing effects of the pre-amorphized Si wafers were 

investigated, but contrary to our results for noble-gas-ion irradiated Fe/Si bilayers [2] less 

mixing for the pre-amorphized Si was observed relative to crystalline Si wafers. 

 
* Supported by DAAD and DFG 
 
[1] M. Milosavljević, et al., J. Appl. Phys. 90 (2001) 4474; S. Dhar, et al., Appl. Phys. A 76 (2003) 773. 
[2] N. Bibić, et al., Appl. Phys. Lett. 90 (2007) 051901; K. Zhang, et al., J. Appl. Phys. 100 (2006) 053501.  
[3] A. Vantomme and G. Langouche, Hyp. Int. 70 (1993) 913; I. M. Fallon, C. A. Faunce, P. J. Grundy, and 

H. J. Blythe, J. Appl. Phys. 87 (2000) 6833; S. Bera, K. Bhattachar-jee, G. Kuri, and B. N. Dev, Phys. Rev. 
Lett. 98 (2007) 196103. 

[4] N. Bibić, et al., Nucl. Instr. Meth. B 266 (2008) 2498. 
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Fuel elements of modern high-temperature nuclear reactor designs make generally use 

of TRISO fuel kernels, which are encapsulated by CVD-layers of pyrolitic carbon and silicon 

carbide to limit fission product release into the primary cooling gas system.  In these fuel par-

ticles the silicon carbide coating is the main barrier for most of the important isotopes pro-

duced by nuclear fission.  The aim of this study is to obtain information on transport proper-

ties at temperatures well above 1000 °C and the influence of radiation damage on diffusion 

through these layers. 

For this purpose environmentally relevant isotopes were implanted with fluences up to 

2×1016 cm-2 in poly and single crystalline SiC samples at temperatures ranging from room 

temperature to 600 °C.  Diffusion coefficients were obtained from the broadening of the im-

plantation profiles after isochronal and isothermal annealing studies up to 1600 °C, using RBS 

analysis in conjuncture with alpha-particle channeling spectrometry. Structural information on 

the samples before and after annealing was obtained by scanning and transmission electron 

microscopy.  Information on the influence of radiation damage was extracted by comparing 

results from samples implanted at room and elevated temperatures.  Comparison of profile 

broadening in annealed single and poly-crystalline samples yielded information on the relative 

importance of volume and grain boundary diffusion. 
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Ion implantation plays an important role in semiconductor industry. Different kinds of ions 

are introduced into semiconductors by implantation in order to form n-type and p-type 

semiconductors. Nanoscale doped structures are required to be fabricated, usually by a 

focused ion beam (FIB), for applications in nanoelectronics. However, how closely these 

structures could be fabricated for an effective device performance would be determined by the 

limitation imposed by the lateral diffusion of the implanted species. For ion implantation, 

lateral straggling of the ion beam also produces defects surrounding the implanted region. 

This would produce radiation enhanced lateral diffusion. It is important to understand the 

lateral diffusion in FIB-fabricated nanostructures. We present a method based on 

photoemission electron microscopy (PEEM) for the determination of lateral diffusion 

coefficient in nanostructures. As an example, we present the investigation of lateral diffusion 

of Ga in FIB-fabricated structures of Ga-implanted n-type Si. For a set of parallel Ga-

implanted stripes, the diffusion profiles at the end of the stripes along their length obey the 

standard diffusion equation and the diffusion coefficient is extracted. However, across the 

stripes the diffusion profile is more complex, due to the presence of defects due to lateral 

straggling in the neighbouring stripes. 
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Interaction of charged particles with insulators and living cells 
 

Yasunori Yamazaki 
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 This tutorial talk consists of two recent topics concerning charged particle interactions 

with matter, (1) the interaction of slow highly-charged ions with insulators, where a self-

organized charge up process often plays the key role in inducing various interesting 

phenomena such as a guiding effect [1], and (2) the micro-beam generation [2] of MeV ions 

by a tapered glass capillary with a thin cap, which for the first time enables micro-irradiation 

of living cells [3] as well as micro-modifications of liquid-solid interfaces [4].  

 The guiding effect has been studied intensively for insulator foils with many straight 

and parallel nano-holes (multi-microcapillary).  It was found e.g., highly charged ions 

transmit along the microcapillary  keeping their charge states even when the microcapillary is 

tilted against the beam direction. In this case, the incident beam deposits charges on the inner-

wall of the capillary, and induces a repulsive force on the incoming charged particles, which 

eventually guides the incident beam to the direction of the capillary. Actually, it takes some 

macroscopic time for the beam to stably transmit, where deposited charge governs the 

phenomena.  Such a guiding effect was also observed for a single tapered glass capillary 

accompanied by a beam density enhancement (focusing effect).  In other words, a tapered 

glass capillary provides a new scheme for the generation of a microbeam of highly charged 

ions, which is otherwise quite difficult if not impossible. 

 Meanwhile, a similar focusing effect was also found for MeV ions transmitted through 

a tapered glass tube.   In this case, the beam transmission takes place immediately after the 

beam injection without time delay, i.e., the primary transmission mechanism is not a charge 

up but a result of successive multiple small-angle scatterings.  In this sense, the MeV ion 

guiding is not very interesting as physics, but instead this enables for the first time a pinpoint 

bombardment of a µm3 volume in an arbitrary position in air and in liquid without affecting 

accelerator vacuum if a thin cap is prepared at the tip of the capillary.    Various applications 

to high-resolution 3D mapping via micro-PIXE, -RBS, and resonant nuclear reaction have 

already been studied, one of the potential application is a so-called cell surgery where a 

specified organelle of a living cell at the specific cell cycle is bombarded to search for 

differential radiation effects [6].  
 
[1] N. Stolterfoht, et al., Phys. Rev. Lett. 88 (2002)133201, and G.Pokhil, et al., private communications.  
[2] T. Nebiki et al., J. Vac. Sci. Technol. A 21 (2003) 1671.  
[3] Y.Iwai et al., Appl. Phys. Lett. 92 (2007) 023509, and W.Meissl et al., this conference.  
[4] T. Kobayashi et al., private communications.  
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Ion beams of a broad range of energies are widely applied to modify the 
properties of materials. The nanotechnology, intensively developing over the last 
decades, has given rise to a clear urge for the possibility of controllable modification of 
the properties of structures comprising nanoparticles. The application of ion beams for 
this purpose is seemingly very appropriate. 
However, thanks to the limited size of 
nanoparticles (from a few to 10s of nm), the 
response of the structure modification can be 
surprisingly different from the one, expected from 
their bulk counterpart. 

The attention of the scientific community 
has been drawn to the ion modification of the 
nanoparticles since the beginning of 1990s 
(Fig.1), and many interesting findings and 
observations have been reported. The focus here 
will be to overview the experimental observations
sputtering and structural modification of nanocry
embedded NCs under ion and swift heavy ion irradia

Free-standing NCs (or ones weakly interacting w
for scientific study as single NCs can be characterized
beams without any effects from the surrounding. For
organic substrates have been shown to enable second
analysis of very large organic molecules [1], or light 
transform polycrystalline nanoparticles into single crysta

For nanocrystals embedded in solids, energ
possibilities for cluster processing that cannot be achie
processing of existing nanocrystals can be used to introd
optical properties. Even more surprisingly, it has recent
can be used to generate elongated nanocrystals with a
dimensionality of the nanoobject from a 0D nanocrystal
present our recent work on modelling of ion irradiation
NCs. 
[1] A. Marcus and N. Winograd, Anal. Chem. 78 (2006) 141 
[2] T. T. Järvi, D. Pohl, K. Albe, B. Rellinghaus, L. Schultz, J. Fassb

85, 26001 (2009). 
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The atomistic view of the ion - surface interaction:  

From single ion impacts to pattern formation 

 

T. Michely 

II. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77. 50937 Köln, Germany 

 
 In this presentation I will give an overview on scanning tunneling microscopy studies 

of the interaction of low energy keV noble gas ions with well defined crystalline metal and 

amorphous Si surfaces.  

 At normal incidence a single ion impact on a metal surface induces a thermal spike at 

the surface and results in a crater surrounded by adatoms.  The asymmetry of annealing of the 

adatom and surface vacancy defects at step edges drives pattern formation on metals.  

 At grazing incidence a single ion is either surface or subsurface channeled. 

Channeling of the ions gives rise to extended damage trails of surface vacancies and adatoms 

aligned along the ion trajectory [1]. The extended and aligned damage production together 

with shadowing and the asymmetry of damage annealing causes well ordered ripple patterns 

with ripple ridges along the ion beam direction. Defects in these ripple patterns move with a 

velocity defined by the sputtering yield of ions at step edges, react, annihilate and cause 

coarsening.  

 Pattern formation on amorphous materials (or materials that amorphize under 

exposure to energetic ions) is usually described by continuum theories of ion erosion using as 

a key element the curvature dependence of the sputtering yield.  A fruitfly of this approach 

has been the description of the large variety of patterns formed on ion beam amorphized  Si 

surfaces. Here we show that in the absence of codeposited metallic impurities and under very 

clean ion erosion conditions for low energy ions in a large angular range from 0° up 60° ion 

incidence no patterns form [2]. To the contrary, ion beam induced smoothening is observed. 

Only for grazing incidence in the angular range from 60° to 83° pronounced ion beam 

patterns form. It appears that the angular-dependent stability of Si(001) against pattern 

formation under clean ion beam erosion conditions is related to the angular dependence of the 

sputtering yield, and not primarily to a curvature-dependent yield. 
 
Contributions to this work by A. Redinger, S. Standop, S. Macko, M. Engler, D. Förster, Y. Rosandi,  
H. Urbassek, F. Frost and B. Ziberi  as well as financial support through Deutsche Forschungsgemeinschaft are 
acknowledged.  
 
[1] A. Redinger, S. Standop, T. Michely, Y. Rosandi, H.M. Urbassek, Phys. Rev. Lett. 104 (2010)  075501 
[2] S. Macko, F. Frost, B. Ziberi, D.F. Förster, T. Michely, Nanotechnology 21 (2010) 085301 
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Sputtering of neutral atoms with swift heavy ions has been extensively studied in the 

last years for a variety of materials with different methods. In most cases, the catcher 

technique has been used due to its ability to measure angular distributions. Transmission 

electron microscopy (TEM) of very thin, grid supported carbon catcher foils has provided 

special information such as size, composition, and structure of the sputtered particles. By 

means of elastic recoil detection analysis (ERDA) of the catcher, the total sputtering yield and 

the thickness decrease of the target has been deduced.  

This contribution presents an overview of sputtering phenomena we observed in the 

electronic energy loss regime for metals, oxides, and ionic crystals. For insulating materials, 

the total yield is dominated by electronic sputtering [1]. Surprisingly, also conducting targets 

show a clear contribution from electronic sputtering in addition to the well known nuclear 

sputtering. For ionic crystals, the angular distribution of the sputtered particles exhibits a 

sharp jet-like component, which is symmetric around the surface normal and superimposed on 

a cosine distribution [2]. The total yield and the angular distribution strongly depend on the 

energy, energy loss, and charge state of the incident ions. TEM investigations reveal the 

ejection of nanocrystals, apparently correlated with the jet-like component.  

Electronic sputtering of metals can almost quantitatively be explained by an inelastic 

thermal spike model assuming evaporation from the hot track region, if synergetic effects due 

to nuclear energy loss are taken into account [3]. In contrast, model calculations based on 

reasonable material parameters cannot reproduce the experimental data for ionic crystals. 

Their measured angular distribution and size of the sputtered particles rather point at a further 

component in swift heavy ion sputtering, in addition to thermal evaporation.  

 
[1] W. Assmann, M. Toulemonde, C. Trautmann, in R. Behrisch, W. Eckstein (Eds.)‘Sputtering by Particle 

Bombardment’,  Topics in Appl. Physics 110 (2007) 401, Springer-Verlag, Berlin, Heidelberg, 2007. 
[2] M. Toulemonde, W. Assmann, C. Trautmann, F. Grüner, Phys. Rev. Lett. 88 (2002) 057602. 
[3] H.D. Mieskes, W. Assmann, F. Grüner, H. Kucal, Z.G. Wang, M. Toulemonde, Phys. Rev. B 67 (2003) 

155404. 
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Solid surfaces in the Solar System, in the interstellar medium and in stellar 

environments, are made of refractories (silicates/carbons) and/or frozen gases (ices) and are 

continuously modified by several processes among which ion irradiation plays a relevant role. 

The study of the induced effects in different environments has been based on laboratory 

simulations. Among many studied effects there are sputtering, structural and morphological 

alterations, and chemical synthesis of molecular species.  

Here some results recently obtained from laboratory experiments are summarized and 

discussed in the light of their relevance in astrophysical environments. In particular: 

- Synthesis of molecules at the interface between water ice and carbonaceous or sulfurous 

solid materials [1].  

- Synthesis of oxidants (such as hydrogen peroxide and ozone) by irradiation of pure water 

ice and carbon dioxide ices and their mixtures: Hydrogen peroxide is formed whatever is the 

mixture, ozone requires the presence of a fraction of carbon dioxide greater than about 

30% [2].  

- Implantation of reactive (H, C, N, O, S) ions in ices demonstrated that: CO2 is formed after 

C implantation in water ice [3]. Sulfuric acid dissolved in water ice is formed with an high 

yield (0.65) after S implantation [4]. H implantation in sulfur dioxide produces poly-SO3 [5]. 

 
Supported by Italian Space Agency contract n. I/015/07/0: Studi di Esplorazione Sistema Solare 
 
[1] O. Gomis, G. Strazzulla Icarus 194 (2008) 146. 
[2] G. Strazzulla et al. Astrobiology 5 (2005) 612. 
[3] G. Strazzulla G. Leto, O. Gomis, M.A. Satorre Icarus 164 (2003) 163. 
[4] G. Strazzulla, G.A. Baratta, G. Leto, O. Gomis Icarus 192 (2007) 623. 
[5] M. Garozzo, D. Fulvio, O. Gomis, M.E. Palumbo, G. Strazzulla PlSpSci 56 (2008) 1300. 
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Adsorption, diffusion, and reactions of hydrogen atoms on amorphous solid water 

(ASW) are the most fundamental processes on cosmic ice dust in a molecular cloud. In 

particular, in a dense cloud where a radiation field is very week, these nonenergetic processes 

play an important role in chemical evolution. In this context, we have performed a series of 

experiments on reactions of atomic hydrogen at the surface of ASW. We will present the 

results of our recent experiments for the nonenergetic physicochemical processes, including 

tunneling reactions, of cold atomic hydrogen on ASW.  
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The interaction of cosmic rays with interstellar ices induces sputtering and material 

modification. Observations show that condensed CO molecules are one of the most abundant 

constituents of these ices. In space, the ices are exposed to ion irradiation (stellar winds and 

cosmic rays) ranging from protons up to heavy ions such as Fe, with kinetic energies from 

keV to TeV. This leads to radiolysis, sputtering and formation of new (prebiotic?) molecules. 

As part of a systematical study on this subject [1-3], we have irradiated CO ices with low 

energy oxygen ions to investigate nuclear-regime effects produced by heavy ions traversing 

interstellar grain ice mantles. CO gas was condensed on a CsI substrate at 13 K and irradiated 

by 28 keV 18O6+ and 32 keV 18O8+ ions up to a final fluence of 1 x 1016 cm-2. The fluxes were 

1 x 1011 and 1 x 1010 cm-2 s-1, respectively. The sputtering yields, the destruction rate of CO, 

and the rate of formation of new molecular species were determined by Fourier transform 

infrared spectroscopy (FTIR). The measured CO sputtering yields are particularly high, about 

1 x 105 molecules/impact. The CO destruction cross-sections are 1.4 x 10-16 and 2.6 x 10-15 

cm2, more than one order of magnitude lower than those measured at 50 MeV 58Ni13+ and 537 

MeV 64Ni24+ [3]. The formed species CO, CO2, O3, C3O2, C2O, C5O2 and C5O were identified; 

their formation cross sections vary from 10-16 to 10-18 cm2.  

 
The agencies CNPq, Capes/Cofecub and Faperj are acknowledged for partial support. 
 
[1] Seperuelo Duarte et al., Astronomy & Astrophysics 502 (2009) 599.  
[2] Pilling et al., Astronomy & Astrophysics 509 (2010) A87. 
[3] Seperuelo Duarte et al., Astronomy & Astrophysics, February 2010. 
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Within dense interstellar clouds, from their periphery to regions deep inside, ice 

mantles on dust grains are exposed to cosmic-ray irradiation. Various swift ions contribute 

from protons to iron in the keV to TeV energy range. Observations show that in some lines of 

sight condensed CO molecules are an important component of the ice. We irradiate CO ices 

with Ni ions of relatively high energy (50 and 537 MeV) to simulate the effects produced by 

fast heavy cosmic-ray ions in interstellar grain mantles. CO gas is condensed on a CsI 

substrate at 13 K and irradiated by 50 MeV 58Ni13+ and 537 MeV 64Ni24+ ions up to a final 

fluence of ~ 1 x 1013 cm-2, at a flux of 1 x 109 cm-2 s-1. The sputtering yields, the destruction 

rate of CO, and the rate of formation of new molecular species are measured in situ by Fourier 

transform infrared spectroscopy (FTIR). The measured CO destruction cross-sections and 

sputtering yields induced by Ni ions are, respectively, (i) for 50 MeV, σd = 1.0 x 10-13 cm2 and 

Y = 7 x 104 molecules/impact; (ii) for 537 MeV, σd = 3.0 x 10-14 cm2 and Y = 5.85 x 104 

molecules/impact. Based on the present and previous results, the desorption rates induced by 

H, Ni, and Fe ions are estimated for a wide range of energies. The contribution of the heavy 

ions is found to dominate over that of protons in the interstellar medium. 
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Water ice is the major solid component in a variety of astrophysical environments, 

e.g., cold and dense molecular clouds. In such cold regions, photodesorption plays a dominant 

role in consuming ice. In this study, photodesorption of water molecules from amorphous 

solid water has been investigated at 157 nm, in order to probe the photodesorption mechanism. 

Using a resonance-enhanced multiphoton ionization technique, the translational and rotational 

energy distributions of photodesorbed H2O were measured, i.e., Boltzmann distributions at 

1800 and 300 K, respectively.[1] These energies are in good accord with those predicted by 

classical molecular dynamics calculations for water photodesorption due to a “kick-out” 

mechanism following absorption of a single photon; hot H atom released by photodissociation 

of H2O in ice transfers enough momentum to another H2O molecule to kick it off the surface, 

i.e., reactions (1) and (2),  

Photodissociation:  H2O(ice) + hν → hot H + OH,   (1) 
Kick-out:  hot H + H2O(ice) → H + H2O(gas).  (2) 

 Figure 1 Schematic illustration for 
photodesorption of H2O molecule from 
amorphous solid water via the “kick-out” 
mechanism. The photofragmented H atom kicks 
neighboring H2O off. The numbers dedicate for 
sequence of the reaction. 

 

 

 

 

 

 

 
[1] A. Yabushita, T. Hama, M. Yokoyama, M. Kawasaki, S. Andersson, R. N. Dixon, M. N. R. Ashfold, and N. 

Watanabe, Astrophys. J. 699, L80 (2009). 
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Recently we have found for the first time that it is feasible to have a high sensitive for 

detecting surface hydrogen by 100 keV He+ ion beam. Desorption stimulated by highly 

charged ion (HCI) has been known as potential sputtering [1], although there is a large 

difference between the HCI beam and He+ ion beam at a medium energy from an application 

viewpoint. We consider that the mechanism of hydrogen analysis using 100 keV He+ ion 

beam is not due to the phenomenon of elastic recoil, but due to that similar to electron 

stimulated desorption (ESD). Surface hydrogen contents on Si(001) and Si(111) were 

analyzed as a function of time after flushing at a temperature of 1200oC by 100 keV He+ ion 

beam stimulated hydrogen ion desorption. It was found that the hydrogen content on Si(001) 

increased 10 times more quickly as compared with the case of Si(111). 

 
[1] K.Kuroki, N.Okabayashi, H.Torii, K.Komaki, Y.Yamazaki, Appl. Phys. Lett. 81, (2002) 3561. 
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Irradiation of materials by ionizing radiation is the generally recognized way of 

material properties change [1] and deep understanding of underlying radiation effects is of 

fundamental value and of practical interest in material and surface sciences. Simple ices 

(solidified gases) universally accepted as model insulating materials are perfectly suited for 

such a study. Moreover radiation effects in these solids are of interest in a number of fields 

like astrophysics, cryochemistry, nuclear physics (particle detectors and positron moderators). 

The radiation-induced processes in ices were intensively investigated over the last decades 

(e.g. [2-4]). Recent studies of post-irradiation processes in ices attract much attention quite 

recently and reveal a variety of intriguing new phenomena [5]. 

Here we present our recent results on relaxation processes in pure and doped with N2, 

O2, H2 rare-gas ices and nitrogen ices with a focus on post-irradiation phenomena. 

Transformation of electronic states, defect formation, sputtering and appearance of new 

species under electron beam were monitored by spectroscopy methods. On completion of 

irradiation electrons and neutral species formed were thermally mobilized triggering 

relaxation cascades through recombination reactions. Stability of radiation-induced centers, 

energy transport and conversion were studied employing concurrently optical and current 

activation spectroscopy methods. A set of relaxation emissions: emission of photons, 

exoelectrons and neutral particles was measured in time-correlated fashion. It enabled us (i) to 

discriminate between reactions of charged and neutral species, (ii) to find nontrivial 

interconnection of atomic and electronic relaxation channels in doped rare-gas ices, (iii) to 

predict new channels triggered by radiative transitions, (iv) to detect anomalous low 

temperature post-desorption of “own” lattice atoms and suggest its mechanisms in atomic and 

molecular solids. 

 
[1] K.S. Song and R.T. Williams, Self-Trapped Excitons, Springer-Verlag, Berlin, 1996. 
[2] R. Pedrys, D.J. Oostra, A. Haring, A.E. de Vries and J. Schou, Nucl. Instr. Meth. B 33 (1988)840.  
[3] R.E. Johnson and J. Schou, Mat. Fys. Medd. Dan. Vid. Selsk. 43, 403 (1993) 
[4] R.A. Baragiola, M.A. Famá, M.J. Loeffler, U. Raut and J. Shi, Nucl. Instr. Meth. B 266 (2008) 3057. 
[5] A. Ponomaryov, G. Gumenchuk, E. Savchenko, V. Bondybey, Phys. Chem. Chem. Phys., 9, (2007) 1329. 
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Resonant neutralization of hyperthermal Na +  ions impinging on Cu (  surfaces is 

studied with a wave packet propagation (WPP) algorithm that includes single and multiple 

scattering collisions of the projectile by the outer surface layers. Molecular dynamics 

simulations are used to identify the types of trajectories followed by the Na particle and the 

Cu atoms in the impact area: particular attention is paid to projectiles escaping the surface 

with a kinetic energy below  eV that seem to interact for long time-scales with a substrate 

Cu atom outside the target [1]. A semi-empirical, one electron potential is constructed to 

account for the effect of a plane metal surface band, with a projected band gap, the central 

field of the projectile, and the contribution of Cu target atoms in multiple scattering 

collisions [2]. The evolution- backwards in time- of the valence orbital of the projectile, 

assumed to be isolated at distances larger than  au from the surface, is determined using a 

split operator approximation for the time-development operator and reducing the complexity 

of the code to a tridiagonal problem [3]. The WPP scheme is implemented on a grid, in 

cylindrical coordinates, which includes  atomic layers of bulk and extends to 100  au on the 

vacuum side. The spatial probability density for the valence electron of a Na particle, with 

final kinetic energy below  eV, is characterized by localized structures around the 

positions of the scattered and the substrate atoms that influence the final charge state of the 

projectile. The projection of the atomic wave function onto the target states yields  the 

neutralization probability of the valence level of the projectile, which is found to be in good 

agreement with the measurements by Keller et al [4]. 
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[1] Z. Sroubek, X. Chen, and J. A. Yarmoff, Phys. Rev. B 73, 045427 (2006). 
[2] Sindona et al, Nucl. Instr. and Meth. B 267 (2009) 578; Vacuum 84 (2010), 1038. 
[3] A.G. Borisov, A.K. Kazansky, J.P. Gauyacq, Phys. Rev. B 59 (1999) 10935. 
[4] A. Keller et al, Phys. Rev. Lett. 75, 1654 (1995). 
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Self assembled monolayers (SAMs) of thiol derived molecules on semiconductor 

surfaces are promising two-dimensional systems [1] with interesting technological 
applications. In most of the applications a high and stable coverage by thiols is needed. In the 
literature on the adsorption nature of alkanethiols,  high quality SAMs have been proposed for 
thiols with a number of C atoms (Cn) equal or higher than C12 [1,2]. They are typically 
formed by transporting the molecules to the surface either through a solvent or directly via 
evaporation in vacuum.  In practical semiconductor device fabrication, SAM preparation from 
the vapor phase is highly desirable as such a process can be integrated with other dry 
processes such as molecular beam epitaxy and metal-organic chemical vapor deposition. In 
these cases, relatively short akanethiols are preferable because they exhibit a high vapor 
pressure, and the passivating layer may be removed at a relatively low temperature. In this 
work we present a Direct Recoil Spectroscopy study of the adsorption and thermal stability of 
alkanethiols and thiol terminated benzenedimethanethiol (BDMT) on GaAs and InP. The 
technique of Direct Recoil Spectroscopy with Time of Flight analysis (TOF-DRS) is 
particularly adequate to study these systems because of: 1) the high top layer sensitivity, 2) 
the low damage imparted to the film and substrate, and 3) the capability of detecting H.  The 
TOF-DRS measurements for hexanethiol (C6) deposited on GaAs(110) from vapour are 
consistent with the formation of a dense phase of  C6 molecules at relatively lower exposures. 
On the contrary, in solution preparation, dense phases are obtained on GaAs for long 
alkanethiols, and after lengthy immersions. The C6 phase has a first desorption peak at 325 K, 
where partial desorption of the intact molecule takes place. Fits to the desorption curves result 
in a 1 eV adsorption energy, in agreement with a chemisorption process, but significantly 
smaller than that measured for C6 on Au(111). Increasing the temperature to 500 K results in 
the S-C bond scission and S deposition on the GaAs(110) surface. TOF-SIMS measurements 
confirm this result. Desorption studies by TOF-DRS on the GaAs(001) surface show a 
different behavior, i.e., without the first desorption peak.  Similar measurements for BDMT 
on InP(110) [3] show formation of a standing up SAM with S atoms available at the SAM-
vacuum interface. Investigation of the adsorption kinetics shows that a lying down phase is 
formed at low exposures, which precedes the SAM phase.  Optimal conditions for standing up 
SAM formation require exposures of the order of a mega Langmuir. A study of the SAM 
stability with temperature shows that the S terminated layer survives up to ~370 K, above this 
temperature a reordering of the layer takes place where S atoms are no longer available at the 
vacuum interface. Final desorption occurs around 500K. TOF-DRS results on the 
semiconductor will be compared to similar ones on the better known Au (111) substrate.  
 
[1] McGuiness, C. L.; Shaporenko, A.; Mars, C. K.; Uppili, S.; Zharnikov, M.; Allara, D.L. J. Am. Chem. Soc. 

2006; 128, 5231. 

[2] Zerulla, D.; Chassé, T. Langmuir 2002, 18, 5392-5399.  

[3] L.J. Salazar Alarcón1, L. Chen2, V. E. Esaulov2, J. E. Gayone1, E. A. Sánchez1, and O. Grizzi1, submitted to 

J. Am. Chem. Soc. 
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Atomic and molecular clusters are subjects of intensive study: as models for 

investigation of fundamental physical aspects of the transition from atomic scale to bulk 

material, as building blocks for nanodevices and as controllable and versatile tools for 

modification of surfaces and shallow layers [1-3].  

The interaction of energetic (up to 1000 eV/atom) size-selected Con
+ (n = 30, 50 and 

63) and Arn
+ (n = 16 and 41) cluster ions with graphite is studied both experimentally and 

theoretically. Heating induced etching of the radiation damaged areas introduced by cluster 

impact provides a measure of the depth to which the collision cascades are developed. These 

data are found to be in good agreement with the molecular dynamics simulations. It is shown 

that the penetration depth of the cluster constituents can be linearly scaled with the projected 

momentum (the cluster momentum divided by surface impact area) [4] and for both cluster 

species a universal scaling law of stopping is developed. Possible effects of neutralisation of 

cluster charge and cluster fragmentation on the stopping power are under discussion for the 

argon clusters. For the cobalt clusters, the transition to pinning is observed with a decrease of 

the cluster impact energies to ca. 10 eV/atom. Pinned size-selected clusters can be utilized for 

catalysis, formation of sensors or biochips.  

 
[1] P. Jena and A.W. Castleman, Proc. Nat. Acad. Sci. 103 (2006) 10560. 
[2] K. Wegner, P. Piseri, H.V. Tafreshi, P. Milani, J. Phys. D: Appl. Phys. 39 (2006) R439. 
[3] V.N. Popok and E.E.B. Campbell, Rev. Adv. Mater. Sci. 11 (2006) 19. 
[4] V.N. Popok, S. Vučković, J. Samela, T.T. Järvi, K. Nordlund, E.E.B. Campbell, Phys. Rev. B 80 (2009) 

205419. 
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Multifragmentation phenomena where highly energized complex system 

instantaneously disintegrates into several of its constituents are important in many fields and 

are sometimes of a universal nature regarding general patterns which may be revealed. Once 

the deposited energy exceeds that of  the evaporation regime (sequential emission of 

elementary sub-units) approaching the total cohesion energy of the system, 

multifragmentation dynamics will start to dominate, eventually reaching  complete 

disintegration of the system into its smallest  units (the shattering limit). For polyatomic 

molecular/cluster species ,this multiparticle break-up behavior was mainly studied following 

impulsive surface impact excitation in the shattering limit, namely complete disintegration 

into elementary sub-units .Recently we have reported [1] that surface impact induced 

multifragmentation of a large molecular system (C60) can be a fully correlated event. By 

measuring field free kinetic energy distributions (KEDs) of many nC−  (n= 1-12) fragments 

following collisions of 300-900 eV 60C −  ions with a gold surface we have observed the 

transition from multifragmentation with common average energy for all fragments (“during- 

collision event”) to a one with a common average velocity for all fragments (“post-collision 

event”) . KEDs for both multifragmentation modes were successfully treated within a 

“precursor mediated statistical multifragmentation” model using shifted Maxwellian 

distributions. The mutifragmentation event is found to be velocity correlated even for  near-

normal incidence, where we observe a gradual increase in distribution width with the size of 

the   fragment towards an intrinsic self-sputtering limit. New measurements for the impact 

multifragmentation of  with a nickel target including analysis of both KEDs and angle 

distributions of the  will also be described [2]. 

−
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60C −

−
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[1] A. Kaplan, A. Bekkerman, B. Tsipinyuk and E. Kolodney . Phys. Rev. B 79, 233405 (2009) 
[2] A. Kaplan, A. Bekkerman, B. Tsipinyuk and E. Kolodney . Phys. Rev. Lett. Submitted 
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We have developed a novel micro-irradiation facility using tapered glass capillaries 
to apply protons and α-particles at beam energies of up to 3 and 4.5 MeV, respectively, to 
targets immersed in a liquid environment. Single tapered glass capillaries with outlet 
diameters down to 1 µm are known to enhance the beam density of MeV ion beams [1] and 
have been used to form microbeams in vacuum. To extract ions into a liquid medium we 
attach thin end windows made of glass or scintillator-plastic to the capillary tip [2]. The ions 
used for this study can penetrate these windows, ultimately depositing most of their energy 
within a small region close (5 – 150 µm) to the capillary exit [3]. Regarding low energy 
Helium beams, this means truly three-dimensional beam confinement in the low µm range, a 
unique feature of our facility which we exploit to irradiate living cells as well as targets 
relevant for surface science. 
The design of a dedicated beamline tilted vertically to 
45 deg to facilitate immersion of the capillary into a 
liquid medium will be discussed as well as the 
performance of a beam chopper with a self-built fast 
HV switch. Physical properties of the transmitted beam 
such as range, profile, energy distribution and beam 
density enhancement have been measured. Recent 
results of the first application of this 3D-microbeam to 
living human tissue cells show the relative sensitivity of 
nucleus and cytoplasm to ionizing radiation. Apart from 
cell irradiation, our technique is used to perform 
well-known physical analysis tools like µPIXE to the 
inside of liquid targets and for irradiation of surfaces 
with swift ions under a liquid environment. 

Fig. 1: Horizontal cross section of 
a human cell nucleus stained by 
green fluorescent protein (GFP) 

showing the region bleached by a 
2 MeV He microbeam (indicated). 

We acknowledge the support of Japanese Society for the Promotion of Science (Grant-in-Aid No. 17654079 and 
No. 20510119) and the Human Frontier Science Program. 
[1] T. Nebiki et al., J. Vac. Sci. Technol. A 21 (2003) 1671 
[2] T. Ikeda et al.. J. Phys. Conf. Ser. 88 (2007) 012031 
[3] Y. Iwai et al., Appl. Phys. Lett. 92 (2008) 023509 
a Present address: Structural Biology Center, National Institute of Genetics, Mishima, Shizuoka 411-8540 Japan 
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We have developed spin-polarized ion scattering spectroscopy (SP-ISS) for element 

selective spin polarization analysis on surfaces [1,2]. In SP-ISS, electron spin-polarized 4He+ 

ions are projected onto a magnetized sample surface, and scattered ions are measured as a 

function of their kinetic energy. The spin dependence of the scattered ion yield (the spin 

asymmetry) reflects the spin polarization of the target atom [3,4]. 

In the surface spin polarization analysis using SP-ISS, the neutralization along the ion 

trajectory (trajectroy effect), the re-ionization, and the multiple scattering should be 

considered. These are discussed from the angle scan measurement and the comparison with 

the He0 scatttering experiment.  

The spin asymmetry of SP-ISS is not expected on non-magnetic surfaces. However, 

we recently observed the appearance of the spin asymmetry on non-magnetic surfaces such as 

gold. Furthermore, we found that the spin asymmetry exhibites magnetic oscillations. The 

origin of this magnetic oscillation is discussed from the dependence on the target elements, 

the scattering geometry, and the incident energy. 

 
[1] T. Suzuki, Y. Yamauchi, Nucl. Instrum. Meth. Phys. Res. A 575 (2007) 343. 
[2] T. Suzuki, Y. Yamauchi, Ana. Sci. 24 (2008) 81. 
[3] T. Suzuki, Y. Yamauchi, Surf. Sci. 602 (2008) 579. 
[4] T.T. Suzuki, H. Sukegawa, K. Inomata, Phys. Rev. B 79 (2009) 045423. 
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We report first results about the interaction of a spin polarized He* beam with a self-

assembled monolayer (SAM) of a biomolecule, L-Cysteine (Cys), a fundamental amino-acid, 

deposited under ultra-high vacuum conditions on magnetic substrates e.g. thin epitaxial 

Fe(100) films grown on the Ag(100) surface [1].  Electronic properties of adsorbed molecules 

have been investigated by spin polarized metastable deexcitation spectroscopy (SPMDS), thus 

extending the MDS investigation recently carried out for Cys layers deposited on several 

noble metal surfaces [2,3].  We focused on the first layer growth dynamics studied in real-

time during deposition obtained by a low flux molecular beam. The He*interaction with 

molecular orbitals gives rise to well-defined UPS-like Penning spectra which, after 

comparison with molecular orbital DFT calculations, provide information on the SAM 

adsorption configurations.  For the Fe(100) surface MDS spectra show a growth dynamics 

apparently similar to the ones already reported on the Cu(100) and Ag(100) surfaces [2,3], 

with the formation of a strongly-bound thiolate species (S-Fe bond).  SPMDS spectra taken as 

a function of beam polarization add interesting details concerning the spin-polarization of the 

observed orbitals. While in the very early stages of growth one mainly observes the 

progressive decrease of substrate-related spin-polarized states detected through the Auger 

neutralization (AN) process, the rise of Penning deexcitation peaks related to Cys molecular 

orbitals at sub-monolayer coverage reveals their spin-polarized character. Interestingly, these 

spin-polarization effects, ascribed to the interaction with the magnetized substrate, vanish at 

coverage well below the SAM completion, suggesting a possible correlation with the layer 

organization. 

 
[1] P. Ferro, R. Moroni, M. Salvietti , M. Canepa, L. Mattera, Surface Science 407 (1998) 212–220 
[2] M. Canepa, P. Pelori, L. Lavagnino, F. Bisio, R. Moroni, S. Terreni, L. Mattera, Nuclear Instruments and 
Methods in Physics Research B 256 (2007) 324–327 
[3] M. Canepa, L Lavagnino, L Pasquali, R Moroni, F Bisio, V De Renzi, S Terreni and L Mattera, J. Phys.: 
Condens. Matter 21 (2009) 264005  
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Muscovite mica is commonly used as a model surface in the study of biomolecules at 

the solid-liquid interface. Crystalline mica has a layered structure consisting of negatively 

charged alumino-silicate sheets that are bound to alternating layers of K+ ions. Mica can thus 

be easily cleaved which yields an atomically flat surface. Under aqueous conditions the 

outermost K+ ions are exchanged into solution, leaving the surface with a negative net charge. 

This hydrophilic surface is ideally suited for the adsorption and immobilization of positively 

charged biomolecules like proteins. However, biological surfaces can have very different 

physicochemical properties, e.g. hydrophilic cell membranes and hydrophobic lipoprotein 

particles, which have a strong influence on many biological in-vivo processes such as amyloid 

fibrillation [1,2]. Therefore, model surfaces with well defined physicochemical properties are 

needed for in-vitro studies of bio-surface interactions. 

In this work, we utilize low energy ion bombardment to tune the hydrophobicity of 

mica surfaces. During sub-keV noble gas ion bombardment, the first few nanometers of the 

crystalline mica surface are amorphized. This results in a reduced charging of the surface in 

aqueous solution [3]. Here, we show that the ion-induced amorphization also makes the mica 

surface hydrophobic, resulting in a contact angle of up to 90° compared to a contact angle of 

close to 0° for the freshly cleaved and of about 20° for the uncleaved mica surface, 

respectively. By using mica surfaces modified in this way, we investigate the influence of 

hydrophobicity on the surface-catalyzed aggregation of the islet amyloid polypeptide (IAPP) 

which is associated with the occurrence of type II diabetes mellitus. 

 
[1] T. Kowalewski and D.M. Holtzman, Proc. Natl. Acad. Sci. USA 96 (1999) 3688  
[2] C. Jeworrek et al. Biophys. J. 96 (2009) 1115 
[3] R. Buzio et al., Surf. Sci. 601 (2007) 2735 
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Structures combining metal and dielectric materials are attracting a great interest 

because of their application in several areas, such as optics, photonics, magneto - optics etc. 

Metal particles in dielectrics exhibit unique optical properties, which significantly differ from 

the optical properties of the bulk materials [1].  

The Z-scan technique [2] is well suited for measuring TPA (two photon absorption) 

cross sections. This technique relies on the transformation of phase distortion to amplitude 

distortion during beam propagation through a nonlinear medium. 

Here, we present first studies of the relationships between shape of nano-particles embedded 

in silicate glasses and non-linear optical properties (in specific TPA cross sections in the ultra-

short fs-pulse regime) measured by the Z-scan technique. Four targets containing gold nano-

particles in a 500 nm layer under the surface of the glass have been prepared. The nano-

particles differ in size (1 – 15 nm), shape (spherical and non-spherical) and distribution, i.e. 

targets with narrow layer (100 nm) and targets with broad layer (250 nm) by using glasses 

with different chemical composition. The ion-implantation technique with identical 

parameters and subsequent annealing was used for the preparation of the targets. The 

experimental conditions were as follows: ion dose 1×1016 ion.cm-2, beam energy 1.7 MeV, 

annealing at 600 °C for 5 hours. The Z-scan measurements were performed for 25-100 fs 

ultra-short laser pulses (800nm), where TPA is of particular interest. 

With the Z-scan technique it can be shown, that the nano-particles implanted in 

silicate glasses exhibit substantial nonlinear properties i.e. a substantial TPA cross section. 

Details of the Z-scan technique and of the results, i.e. the dependence on substrate materials 

and annealing, will be presented. 

 
Some of us acknowledge the financial support by the Agency of the Czech Republic, grants LC 06041, MSMT 
6046137302 and grant No. 21/2010 from the Czech Ministry of Education, Youth and Sports. 
 
[1] Malinský, P., Macková, A., Bočan, J., Švecová, B., Nekvindová, P. Nucl. Instrum. Meth. B 267 (8-9), pp. 
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[2] M. Sheik-Bahae, A. A. Said, T.-H. Wei, D. J. Hagan and E. W. Van Stryland, IEEE Journal of Quantum 

Electronics. 26, 760 (1990) 

http://www.scopus.com/search/submit/author.url?author=Malinsk%c3%bd%2c+P.&origin=resultslist&authorId=16429576400&src=s
http://www.scopus.com/search/submit/author.url?author=Mackov%c3%a1%2c+A.&origin=resultslist&authorId=7003705195&src=s
http://www.scopus.com/search/submit/author.url?author=Bo%c4%8dan%2c+J.&origin=resultslist&authorId=23097345600&src=s
http://www.scopus.com/search/submit/author.url?author=%c5%a0vecov%c3%a1%2c+B.&origin=resultslist&authorId=23989427600&src=s
http://www.scopus.com/search/submit/author.url?author=Nekvindov%c3%a1%2c+P.&origin=resultslist&authorId=6701778214&src=s


Th-1655-B 

Photoluminescence character of Silicon dioxide 

irradiated with Xe, Kr and Bi ions* 

 

SONG Yin #(1,2), ZHANG Chong-hong (1), HE De-yan (2), YAO Cun-feng (1), 

LI Bin-sheng(1), SHENG Yan-bin (1), GOU Jie(1), XIE Er-qin(2) 

 
(1) Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China 

(2) School of Physical Science and Technology, Lanzhou University, Lanzhou 730000, China 
 

In this paper, SiO2 single crystals irradiated with 400 keV and 3 MeV Xe ions, 5 MeV 

Kr ions, 3 MeV and 7 MeV Bi ions were investigated by fluorescence spectroscopes and 

Fourier transform infrared (FTIR). The PL spectra were obtained using 340 nm excitation 

light. PL peaks located at 380 nm and 410-460 nm were increased in PL spectra of silicon 

dioxide irradiated with 400 keV and 3 MeV Xe ions, the intensity of emission band achieves a 

maximum value when irradiation fluence up to 1x1015 ions/cm2 at about 450 nm. With 

irradiation fluence increase again the intensity of emission band slowly down. But in samples 

irradiated with 3 MeV Xe, green light emission band and red light emission band were 

appeared respectively at about 520 nm and 650 nm. In samples irradiated with 5 MeV Kr not 

only blue light emission band become stronger but also green light emission band and red 

light emission band become very stronger than samples irradiated with 400 KeV and 3 MeV 

Xe ions. In samples irradiated with 3 MeV and 7 MeV Bi ions, the blue light emission band 

increased clearly. Only green light emission band appeared in sample irradiated with 7 MeV 

Bi at 1x1015 ions/cm2 irradiation fluence. Compared with samples irradiated with Xe ion, it 

was not found red light emission band which in samples irradiated with Bi ion. Infrared 

spectra showed a broadening of the absorption band in about 1150 cm-1 which indicated the 

formation of strongly damaged regions in the SiO2 samples, and appeared a broadening of the 

absorption band in 880 cm-1 by irradiation. 

 
* Foundation items: National Natural Science Foundation of China (10705037, 10975165), Natural Science 

foundation of Gansu (3ZS051-A25-053). 
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Reactive ion scattering (RIS) is an interesting offspring of the ion-surface scattering 

(ISS) technique which has been recently developed. While conventional ISS, which is based 

on elastic scattering, performs elemental and structural analysis of surfaces, RIS using low 

energy (5–100 eV) Cs+ projectile ions can perform chemical analysis of surfaces with the 

ability of identifying molecules [1, 2]. This presentation describes the principles and 

applications of the RIS method, with the emphasis on the study of molecules and reactions on 

surfaces. Results will be shown for heterogeneous catalytic reactions such as the 

dehydrogenation of ethylene on Pt(111) [3], and for some reactions on ice film surfaces such 

as proton transfer, acid-base neutralization, and interactions of atmospheric trace gases with 

the ice surface [4]. 

 
[1] M. C. Yang, C. H. Hwang, and H. Kang, J. Chem. Phys. 107 (1997) 2611. 
[2] R. J. W. E. Lahaye and H. Kang, ChemPhysChem. 5 (2004)  697. 
[3] C. M. Kim, C. H. Hwang, C. W. Lee, and H. Kang, Angew. Chem. Int. Ed. 41 (2002) 146.  
[4] H. Kang, Accounts. Chem. Res. 38 (2005) 893. 
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In the previous studies, we have found that energetic ion irradiation induces a 

ferromagnetic state in Fe-Rh alloys at low temperatures and this phenomenon is dominated by 

the energy deposition through elastic collisions[1]. As the effect remains unchanged at room 

temperature for a long time, the disordering of atomic arrangements or lattice defects induced 

by the irradiation causes the ferromagnetism at low temperatures. In this paper, we discuss the 

relationship between the irradiation-induced ferromagnetism in Fe-50at.%Rh alloy and the 

thermal stability of atomic disordering or lattice defects.  

Fe-50at.%Rh bulk samples (5.0x5.0x0.2mm3) were irradiated with 10MeV iodine ions 

by using a tandem accelerator at JAEA-Takasaki. After the irradiations, the samples were 

isochronally annealed up to 773K. Isochronal annals were for 100 minute or 5 hour periods at 

temperature interval of 100K. Effects of thermal annealing on magnetization and lattice 

structure were measured by using the superconducting quantum interference device (SQUID), 

and the X-ray diffractometer (XRD) and the extended X-ray absorption fine structure 

(EXAFS) measurement, respectively. For 30 min-period anneals, the value of the saturated 

magnetization, Ms, shows the maximum after the annealing at 573K and then the value of Ms 

decreases rapidly with increasing the annealing temperature. For 5 hour-period anneals, the 

value of Ms continues to decrease until 773K. The experimental result indicates that the 

irradiation-induced ferromagnetism of FeRh alloy is strongly related to the thermal stability of 

irradiation-introduced lattice defects.  

 
[1] S. Kosugi, Nao. Fujita, Y. Zushi, T. Mastui, N. Ishikawa Y. Saito, A. Iwase., Nucl. Instr. Meth. B267(2009) 
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III-V compound semiconductors have numerous applications in optoelectronic devices 

and in particular III-Nitride compound semiconductors are used in high frequency and high 

power applications. III-Nitrides show good luminescence properties inspite of huge defect 

densities arising from lattice and thermal mismatch with the underlying substrates. AlN and 

GaN as a buffer layer reduce defect densities, which in turn improve structural and optical 

properties [1]. Efficiency of Light Emitting Diodes (LEDs) can be enhanced by decreasing 

defect densities. In the present case AlN (350nm) as a buffer layer deposited between 

substrate and 5 micron GaN epilayer. These MOCVD grown samples were then irradiated 

with 100 MeV Ag and 80 MeV Ni ions at a fluence of 1x1013 ions/cm2. The corresponding 

electronic energy losses in GaN are 23 KeV/nm and 13 KeV/nm, respectively. We employ 

High Resolution X-ray Diffraction (HRXRD), Photoluminescence (PL) and Atomic Force 

Microscopy (AFM) characterization techniques to study the structural, band gap 

modifications and surface morphology, respectively. In double axis mode, ω-2θ and ω 

symmetrical rocking curves were recorded. Full Width at Half Maximum (FWHM) is 

determined to extract lateral coherence length, tilt angle, vertical coherence length and micro 

strain. Thus, tilt angles give dislocation densities. It is evident from these measurements that 

defect density decreases with the increase in electronic energy loss. Electron phonon coupling 

constant is larger for higher ‘Se’ ions. Thus, material undergoes molten state in short interval 

(order of pico seconds) of time that lead to the annihilation of defects in GaN. Eventually, 

decrease in defect densities can be attributed to Swift heavy ion induced Thermal spike. 

 
[1] H. Amano, N. Sawaki, I. Akasaki, Appl. Phys. Lett. 48, 353-355 (1986). 
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The carbon fiber composites (CFC) are widely used in aerospace industry, nuclear and 

fusion devises. The radiation-induced erosion, namely, ejection of carbon atoms, determining 

by sputtering yield Y  and surface evolution including structure and morphology changes of 

the modified surface layers, of two commercial CFC with different reinforcement – KUP-VM 

(1D) and Desna 4(4D) have been studied under 30 keV Ar+ high-fluence (ϕt ~ 1018 – 1020 

ion/cm2) irradiation. The target temperature has been varied during irradiation from RT to 

400oC. The surface structure state analysis has been performed using ion-electron emission 

monitoring [1]. Sputtering yields have been determined by weight loss measurements. It has 

been found that in the temperature dependencies of ion-electron emission yield γ for Desna 4 

as for KUP-VM a step-like increase of γ at a dynamic annealing temperature Ta takes place. 

Such behaviour of γ(T) dependences indicates the transition from a high degree of disordering 

at T < Ta into a relatively ordered structure at T > Ta, and was earlier observed for 

polygranular graphites [1]. It has been found that the reinforcement difference in the studied 

CFC does not influence on the γ(T) behavior and the temperature Ta is close to the value for 

another carbon materials. The analysis of measured Y(ϕt)-dependencies of Desna 4 shown 

that at T < Ta irradiation with fluence ϕt~1⋅1019 ion/cm2 Y ≈ 1.2 atoms/ion. It is close to Y for 

smooth graphite surfaces simulated using SRIM-2008. As ϕt increases Y increases till 

measured sputtering yields for KUP-VM (Y ≈ 2.2 atoms/ion) which correspond to the value of 

sputtering yield obtained according our estimates for cylinder shape of carbon fibers. The 

behavior of Y(ϕt)-dependencies for Desna 4 obtained at T > Ta is another than at T < Ta – Y 

decreases as fluence increase. SEM analysis shows that the reason of such behavior are the 

changes of Desna 4 surface, i.e. the developed crimps with the ribs perpendicular to a fiber 

axis, which can significantly change the local angle of incidence on the surface topographical 

elements, as in the case of N2
+ irradiation of KUP-VM, cf. [2].  

 
[1] Borisov A.M. and Mashkova E.S., Nucl. Instr. Meth. B 258 (2007) 109. 
[2] Andrianova N.N., Borisov A.M., Mashkova E.C., Nemov A.C. and Virgiliev Yu.S, Nucl. Instr. Meth. B. 260 

(2009) 209. 
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Sputtering and accompanying this phenomenon processes plays a significant role in 

numerous applications such as ion beam analysis and technologies. One of the most 

informative characteristics of sputtering is the angular distribution of emitted particles, which 

contain information on element composition and crystalline structure of bombarded target as 

well as on sputtering mechanisms.  

Angular distributions of components emitted from Co5Sm alloys under ion irradiation 

were measured. Experiments were performed in UHV chamber. Mass separated beam 

bombarded samples along the normal to the surface. Energy of bombarding Ar+ and Xe+ ions 

was 3 and 10 keV. Collectors with a deposited material were analyzed by using RBS with 1.5 

MeV He+ ions. 

Results of these measurements are compared with our previous experiments on 

sputtering of NixPdy alloys (x, y = 1, 5) [1]. The discussion supported of results on surface 

composition investigations of NixPdy. AES was used for these experiments to examine in situ 

the targets before and after 3 keV Ar+ ion irradiation.  

A new approach to describe the component angular distributions is suggested. This 

approach permits to reveal a contribution of the topmost and second layers to sputter flux. 

 
[1]. V.S. Chernysh, A.S. Patrakeev, V.I. Shulga. Rad. Eff.& Def. in Solids, 163 (2008) 597. 
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Zinc oxide (ZnO) thin films with hundreds nanometers in thickness (preferred c-axis 

orientation) were prepared by radio frequency magnetron sputtering. These films were 

implanted/irradiated with 80 keV N-ions, or 400 keV, 3.64 MeV, 308 MeV Xe-ions at room 

temperature. The implantation/irradiation fluences were from 5.0×1014 to 1.0×1017 ions/cm2 

for 80 keV N-ions, 2.0×1014 to 2.0×1016 ions/cm2 for 400 keV Xe-ions, 1.0×1012 to 1.0×1015 

ions/cm2 for 3.64 MeV Xe-ions, and 1.0×1012 to 5.0×1014 ions/cm2 for 308 MeV Xe-ions. 

After ion implantation/irradiation, the ZnO samples were investigated using Raman scattering, 

X-ray diffraction spectroscopy, transmission electron microscopy, respectively. Then the 

effects of ion fluence, atom displacements as well as electronic energy deposition were 

analyzed systematically. From the obtained experimental results we found that, with 

increasing the N- and Xe-ions implantation/irradiation fluences, the crystal lattice constant 

and the inner compressive stress of the ZnO thin films tended to increase, however the ion 

implantation/ irradiation could not change significantly the c-axis orientated crystal structure. 

The damage creation and the change of crystal lattice constant were influenced by the element 

chemical activity of the incident ions, and the incident N-ion was more active than Xe-ion in 

the damage process occurred in the ZnO films. Furthermore, electronic energy deposition 

plays a more important role than that of the elastic collisions in the ion-induced damage 

process of the ZnO films. Possible mechanism of ion implantation/irradiation on the structural 

modification of the ZnO films was briefly discussed. 
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The basic plasma-wall-interaction processes (physical and chemical sputtering, 

electron emission, ion transport, etc) from fusion-relevant wall material by energetic ions are 

imperative to the developments of fusion device [1].  

In the present work, we have studied electron emission by highly charged 129Xeq+ 

(q=10-30) and 40Neq+ (q=3-8) ions on the tungsten and graphite materials for their special 

characters in fusion devices. The impact energies range from keV to MeV region. Total 

electron emission yields were measured by a current method on the surface physics terminal 

in the 320kV highly charged ions physics research platform of the Heavy Ion Research 

Facility in Lanzhou (HIRFL). The potential electron emission (PE) and the kinetic electron 

emission (KE) have been separated successfully [2]. We estimate the fraction of ion’s 

potential energy which is consumed in potential electron emission. Moreover, the factor Λ 

which is the KE yield over the electron stopping is introduced to study the KE. Results were 

in good agreement with semi-empirical theory for kinetic electron emission.  

 
This work has been supported by the National Natural Science Foundation of China under Grant Nos. 10405083 
and 10405025. 
 

[1] G. Kowarik, M. Brunmayr and F. Aumayr, Book of abstracts, ICACS 23, 2008 
[1] Yuyu Wang, Yongtao Zhao, A. Qayyum and Guoqing Xiao, Nucl. Instr. Meth. B 265 (2007) 474. 
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Highly charged ions (HCI) carry several tens of keV potential energy which is 

deposited into first few atomic layers of the surface, resulting significant defects on the 

surface. Detailed knowledge on the response of solid to intense electronic excitation from 

highly charged ion is essential for several material analysis techniques and modification of the 

solid surface on nanometer scale.  

In this work, we analysed surface modification by highly charged 129Xeq+ (q=23-30) 

ions on HOPG and mica surfaces. The irradiation experiment is carried out on the surface 

physics terminal in the 320kV highly charged ions physics research platform of the Heavy Ion 

Research Facility in Lanzhou (HIRFL). Surface nanostructures are observed as hillock-like 

nanometer-sized structures using atomic force microscope in tapping mode. The threshold of 

potential energy for sharp nano-hillock formation by Xeq+ ions on HOPG surface is q=27. The 

formation of nanostructure on mica surface is found firstly with Xe29+ ions irradiation. The 

height and width of the nanostructures increase with the potential energy of the ions but is 

independent with incident kinetic energy. We explained the mechanism of surface 

nanostructure formation on HOPG and mica surfaces by inelastic thermal spike model and 

Coulomb explosion model, respectively. 

 
This work has been supported by the National Natural Science Foundation of China under Grant Nos. 10405083 
and 10405025. 
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We have obtained the interaction potentials data [1] by analyzing a scattering 

experiment for systems Ar+,С+,Cd+,Kr+,Ne+,Xe+,Zn+-Xe, Ar+-Ar, Ne+-Ne using the Firsov 

procedure [2]. Therefore, the existing empirical potential database reviewed in [3] was 

extended remarkably. As the best fit of all data, the following formula of interaction potential 

was proposed: U(R)=Z1Z2e2/R  exp{- B(x)x}, B(x)=с1/(1+с2 x1/2+с3 x), x=R/af, where af 

=0.8853(Z1
α+Z2

α )-β, Z1 , Z2 are the nuclear charges of interacting particles, с1= 1,575, 

с2=0,719, с3= -0,010, α=0,31, β=0,8. For distances x<8, this model works well. For larger 

distances, we need another approach. 

The most accurate existing data are those for noble gases systems. Their analysis 

shows that function B(х) can be written as В(x) =B0 x-n
. Experimental values of parameters B0 

and n are in good agreement (see 

Fig.) with those obtained based 

on the theory developed in [4]. 

Functions B0(d) and n(d) may be 

approximated as B0(d) = B1+B2 d  

and n(d)=n1{1-exp(-n2d)}, where 

d=Z1
K+ Z2

K, B1=0,70, B2=0,006, 

n1= 0,359, n2=0,72, K=0,72. 

Square route error estimate used 

in describing experimental values 

of B(xi) is less then 3%, while in 

the case of the universal potential 

it is 6,7% [1].  
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[1] Zinoviev A.N. JTP, 78 (2008) 15. 
[2] Firsov O.B., JETP, 33 (1957)  696. 
[3] Connor D.J.O , Biersack J.E. Nucl.Instr. &Methods B, 15 (1986) 14.  
[4] Gaydaenko V.I., Nikulin V.K. Chem.Phys.Lett. 7 (1970), 360. 
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 A combined experimental and theoretical study of the energy loss and charge fraction 

for protons in fluorides and organic films is presented. The measurements were performed in 

fresh AlF3, LiF and N,N'-bis(1-ethylpropyl)-perylene-3,4,9,10-tetracarboxdiimide (EP-

PTCDI) evaporated in situ on self-supported C or Ag foils, covering the very low energy 

range from 25 keV down to 0.7 keV. The transmission method is used in combination with 

Time-of-Flight (TOF) spectrometry. In the case of fluorides with large band gap energies 

(AlF3 and LiF) the experimental stopping power increases almost linearly with the mean 

projectile velocity showing a velocity threshold at about 0.1 a.u.. These features are 

reproduced by a model based on quantum scattering theory that takes into account the 

velocity distribution and the excitation of the active 2p electrons in the F- anions, and the 

properties of the electronic bands of the insulators. In the case of the semiconductor organic 

film with a lower gap, the experimental stopping power increases linearly with the mean 

projectile velocity without presenting a clear threshold. This trend is also reproduced by the 

proposed model. 

The charge fraction measurements indicate the following: 1) for pure C films, the 

positive ion fraction increases from 7% to 23% for 1 to 7.2 keV outgoing energy, 

respectively, while the negative fraction remains below 5% in the whole energy range. 2) The 

ion fraction for AlF3 is somewhat larger and more constant, with values of 28% from 6.5 to 2 

keV, reaching 35% below 2 keV. The negative fraction is also small, around 2%. 3) For LiF, 

the positive ion fraction varies from 15 to 25 % in the measured energy range, while the 

negative fraction increases with energy up to 4% at 3 keV and then remains constant up to 6 

keV. 4) For the organic molecule, the ion fraction reaches equilibrium for film thickness 

larger than 80 Å. 



Tu-P-05 

A new algorithm for the stopping power calculation 

 

Hasan Gümüş 

Department of Physics, Faculty of Sciences and Arts, Ondokuz Mayis University, 
55139 Samsun, Turkey 

 

In this study, a new algorithm is presented for the stopping power calculation in the 

case of incoming ions of the atomic number Z1 in the materials of carbon, aluminum, nickel, 

silver and gold has been evaluated by using the modified Firsov Formula. A strong Z1 

oscillation in the stopping power has been observed whereas the stopping powers are found 

that the heavy ion slowing down in matter mainly depends on the atomic density and initial 

energy of ion. 
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 The energy loss and energy loss straggling of ~ (0.6 – 3.3) MeV protons passing 

through a thin foil of polyimide Kapton have been measured with overall relative 

uncertainties of less than 3% using the transmission method. The obtained  results are 

compared to previous experimental data from the literature and to values derived by the 

SRIM-2008 code or compiled in the ICRU-49 report. A departure from stopping additivity 

attaining an average value of ~ 4.5% is observed at low proton velocities, increasingly as one 

evolves towards the stopping power maximum. It is presumed to be mainly due to valence 

electrons which may dominate the stopping process at low energies. Besides, the obtained 

energy loss straggling data are compared to some widely used straggling formulations, 

assuming Bragg’s additivity rule for compounds. They are in an overall agreement with Bohr 

collision straggling and the Yang’s formula within the high velocity region explored while 

they show an increasing deviation from the used straggling models at low velocities, 

presumably due to a dominant and complex stopping of the valence electrons in this energy 

region. 



Tu-P-07 

Stopping Cross Sections of Liquid Ethanol for Swift Light Ions 

 

M. Shimizu, K. Hisano, T. Hayakawa, H. Tsuchida, A. Itoh 

Department of Nuclear Engineering, Kyoto University, Kyoto 606-8501, Japan 

 

Stopping data of swift charged particles in liquid materials are of great important in 

various new advanced application fields such as charged particle cancer therapy and nuclear 

fusion engineering. Nevertheless, experimental investigation using liquid materials has 

scarcely been made so far, and only some semi-empirical calculation codes like SRIM and 

PSTAR are utilized widely for compound materials [1-2]. In order to achieve accurate 

estimation of the stopping power of liquid organic solvents, it is undoubtedly necessary to 

make measurements using actual liquid targets of various hydrocarbon compounds, alcohols 

and so forth.  

In this work, stopping cross sections of liquid ethanol have been measured for fast 

hydrogen and helium ions. The experimental method and data analysis procedure were 

described elsewhere [3]. We found that the stopping cross sections for He ions are in good 

agreement with previous experimental data obtained using alpha-source techniques [4] in an 

energy range of 2.0 - 4.0 MeV. For hydrogen ions with energies 0.5 - 2.0 MeV, the 

experimental data are about 25±4 % smaller than the vapor data of SRIM 2008. Further 

careful comparison will be made using various stopping power codes including CasP 

developed by Schiwietz et. al.[5]. 

 
[1] J. F. Ziegler, J. M. Manoyan, Nucl. Inst. Meth. B 35 (1988) 215. 
[2] M.J. Berger, J. S. Coursey, M. A. Zucker and J. Chang, (2005), “ESTAR, PSTAR and ASTAR”, Available 

from: <http://physics.nist.gov/Star/Text/contents.html>, NIST, Gaithersburg, MD. 
[3] M. Shimizu, M. Kaneda, A. Itoh et.al. Nucl. Inst. Meth. B 267 (2009) 2667. 
[4] A. Akhavan-Rezayat and R. B. J. Palmer, J. Phys. E. Sci. Inst. 13 (1980) 877. 
[5] G. Schiwietz and P. L. Grande, Nucl. Inst. Meth. B 267 (2009) 859. 
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Systematic experimental studies of energy loss for light H, Li, B and N ions in ion 

energy region from ~0.01 to ~0.6 MeV/nucleon are presented for various gases, including 

molecular substances. The performed analysis confirmed that for the energy loss of slow ions 

in molecular media (for example, methane)  the additive rule is not valid exactly. It is shown 

experimentally that the deviation from additive rule increases with the increasing of nuclear 

charge of incident ion. This fact proves the influence of chemical bounds on the energy loss in 

molecular targets, which becomes stronger for heavier  incident ions with complex electron 

structure. The deviation from additive rule depends on the energy  of incident ions. 
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Fig. 1. Energy loss for various ions in methane(СН4)  depending on ion energy: experimental 
results ■ [1], ∆  [2], Ο  [3], * [4].  The curves are calculated according to Bragg rule on the 
basis of  SRIM-2006. 
 
[1] Yu.A.Belkova, Ya.A. Teplova. Surface investigations. №3 (2010). In press. 
[2] R.Kreutz, W.Neuwirth, W.Pietsch. Phys.Rev.A. V.22, №6. (1980) P.2606. 
[3] P.D. Bourland, W.K. Chu, D. Powers. Phys.Rev.B. V.3. (1971) P.3625. 
[4] S.K.Allison. Rev. of Mod. Phys. V 25, №4 (1953) P. 802. 
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The aim of this paper is to consider the applicability of various models for describing 

the process of single-electron capture by dressed ions and to compare the theoretical and 

experimental values of the cross sections for the single-electron capture in collisions between 

He+  ions and atoms.  

The single-electron capture for collisions between He+ and atoms of inert gases has 

been considered in the first Born approximation and in OBK approximation with the 

summation over final states of the projectile over all initial states of the active electron of the 

target atom.  

The presented results of calculations are in good agreement with the experimental data.   

Fig. 1   Cross section for the single-electron capture in the He+ + He collisions. The 
calculated results: 1 - OBK approximation; 2 -  first Born approximation .  The experimental 
data: ∆ - [1];  •  -  [2]; x – [3].  The results calculated by other authors: ■ - [4].  
 
[1]  Nikolaev V. S., Dmitriev I. S. et all   Zh. Eksp. Teor. Fiz., 40 (1961)  989  
[2] Pivovar L. I., Tubaev V. M., and Novikov M. T. Zh. Eksp. Teor. Fiz. 41 (1961)  26 
[3] Atan H., Steckelmacher W., and Lucas M. W. J.Phys. B: At.Mol.Opt.Phys. (1991) 24 2559 
[4] Winter T. G.  and Lin C. C. Phys. Rev. A. 12 (1975)  434 

 1



Tu-P-10 

Stopping cross-section and energy straggling of protons in TiC, NbC and WC 

measured through the resonant reaction of protons with 12C 

 

M. Tosaki and Y. Isozumi 

Radioisotope Research Center, Kyoto University, Kyoto 606-8501, Japan 

 

In order to evaluate stopping cross-section and energy straggling of protons in 

compound materials: TiC, NbC, and WC, the resonant backscattering spectra have been 

measured using proton beams in an energy range 4.9-5.8 MeV per a 100-keV step. We have 

analyzed profiles of a sharp nuclear resonance on backscattering spectra which occurs at the 

proton energy of 4.808 MeV by 12C in these carbide targets. 

The sharp resonance is useful to investigate energy-loss processes. Experimental and 

theoretical treatments on the resonance have been described in our previous work [1, 2]. By 

varying incident proton energy, the resonance depth in material can be changed, because 

protons penetrate into material with its energy loss to reach the resonance energy. In the 

present work, by systematic analyses of the resonance peak profiles, i.e., an energy shift of the 

peak position and broadening of the peak width, values of stopping cross-section and energy 

straggling have been deduced to be compared with SRIM-2006 and Bohr’s prediction. 

Moreover, in order to check Bragg’s rule, the linear additivities of stopping cross-section and 

of energy straggling in compounds are also discussed. 

 
[1] M. Tosaki, J. Appl. Phys. 99 (2006) 034905.  
[2] M. Tosaki and Y. Isozumi, Nucl. Instrum. Meth. B267 (2009) 2643. 
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In recent years a tapered glass capillary with micron-sized outlet diameter is used as a 

new tool of producing charged-particle microbeams. Several fundamental studies have been 

carried out on the capillary transmission for various types of incident beams (ion, electron, 

positron, etc.). In this work, we report experimental results of the capillary-transmission 

properties for MeV-energy atomic and diatomic ions. The incident beams used were atomic 

C1
+ and diatomic C2

+ ions with the same velocity of 0.24 MeV/atom (0.89 a.u.) obtained from 

the 1 MV Tandem accelerator at the University of Tsukuba. A tapered glass capillary with an 

outlet diameter of about 10 µm and a length of about 20 mm was used. Energy spectra of the 

ions after transmitting through the capillary were measured by a passivated implanted planar 

silicon (PIPS) detector with window thickness of less than 500 Å. A beam spot of the 

transmitted ions was also measured by a solid-state nuclear track detector of CR-39. Results 

indicate that for atomic C1
+ ions a considerably high fraction of mono-energetic beams was 

observed: about 90 % of the ions emerge from the capillary exit, keeping their incident energy. 

For diatomic C2
+ ions the energy spectrum was found to consist of two peaks: one is due to 

the transmitted C2
+ ions without fragmentation, keeping their incident energy 

(non-fragmentation process), and the other is due to fragment ions (C1
q+) from 

C2-fragmentation via Coulomb explosion resulting from collision with an inter wall of the 

capillary (fragmentation process). The ratio of non-fragmentation process and fragmentation 

process was found to be about 3 to 2. We also studied systematically the energy distribution 

for diatomic C2
+ ions with different velocities.  
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Moore’s law requires MOSFET to be progressively miniaturized but, arriving at the 

nanoescale, transistors lose charge by quantum tunnelling. In order to minimize leakage 

currents, the SiO2 gate oxide must be replaced with high-κ dielectrics, like LaScO3 [1] and 

other perovskites. A correct application of ion beam based techniques (like RBS or ionic 

implantation) needs knowledge about basic stopping magnitudes in these materials. Having 

no experimental data for some targets, it is important to count on with theoretical predictive 

models. 

We have calculated the stopping power and the energy loss straggling for proton and 

alpha-particle beams in high-κ perovskites LaMO3 (M from Sc to Cu), with kinetic energies 

from 10 to 104 keV/nucleon. By using reflectance data as input [2], we have used Kramers-

Kronig analysis in order to get the target Energy Loss Function (ELF) in the optical limit (k = 

0). Then, we have extended it to k ≠ 0 with the MELF-GOS model [3], where the ELF due to 

outer electrons is fitted by a linear combination of Mermin-type dielectric functions and the 

inner-shells part is modelled by Generalized Oscillator Strengths (GOS). Once the ELF is 

known in the entire Bethe surface, we have calculated the stopping magnitudes using the 

dielectric formalism. Our results, which make up for the absence of experimental data, are 

compared with other models. 

 
[1] J. M. J. Lopes, U. Littmark, M. Roeckerath, S. T. Lenk, J. Schubert, S. Mantl, A. Besmehn, J. Appl. Phys. 

101 (2007) 104109. 
[2] T. Arima, Y. Tokura, J. Phys. Soc. Jap. 64 (1995) 2488. 
[3] S. Heredia-Avalos, R. Garcia-Molina, J. M. Fernández-Varea and I. Abril, Phys. Rev. A 72 (2005) 052902. 
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Polymers have ideal properties for their use in the human body: low density, chemical 

inertness, facility to shape… Some of their properties can be changed in a controlled way by 

ion beam irradiation, but knowledge of basic stopping magnitudes is needed in order to 

provide a correct treatment. 

We calculate the stopping power and the energy-loss straggling for proton and alpha-

particle beams in four polymers: Kapton, poly(methyl methacrylate) (PMMA), polyacetylene 

and poly(2-vinylpyridine). We use the dielectric formalism, which needs the energy-loss 

function (ELF) of the target material in the whole energy (ћω) and momentum (ћk) spectrum 

(i. e., the Bethe surface).  

We obtain the ELF of each material in the optical limit (k=0) from optical reflectance 

and electron energy loss spectroscopy (EELS) measurements from the literature. Then we 

extend it to k≠0 with the MELF-GOS model [1], which divides the experimental target ELF at 

k=0 into two components: (i) the excitations of the external electrons, which are fitted by a 

linear combination of Mermin-type dielectric functions, and (ii) the inner-shell electrons, 

which are modelled by generalized oscillator strengths (GOS). We check the fulfilment of 

diverse sum rules in order to test the model, and we also compare our results for the ELF at 

k≠0 with experimental EELS data when they are available. 

The stopping power and the energy-loss straggling of proton and alpha-particle beams 

in the four cited polymers are compared with other predictive models and with the 

experimental measurements existing in the literature. 

 
[1] S. Heredia-Avalos, R. Garcia-Molina, J. M. Fernández-Varea and I. Abril, Phys. Rev. A 72 (2005) 052902. 
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 Polarization Bremsstrahlung (PB) is the fundamental radiative phenomenon 

accompanying the scattering of charged particle on the target with internal degrees of freedom 

[1]. Spectral cross section of the processes is determined by the target electronic structure and 

projectile velocity. So each type of target has its own signature in the PB features. Therefore 

PB spectrum can be used for identification of scattering objects (atoms, molecules, 

nanoparticles and so on) and perspective as a new method of nanodiagnostics [2].  

 The presentation is devoted to the theoretical investigation of PB arising during the 

scattering of fast charged projectile on metallic nanospheres in dielectric matrix. The main 

attention is given to the spectral range in the vicinity of resonance due to surface plasmon 

excitation on metallic nanosphere. For spectral cross section of PB the following expression 

in terms of light scattering cross section ( )scatσ ω  on the target is used 

( ) (
2

2

2 , , v,
v

pPB )scat s s

ed c r L r
d
σ σ ω ω
ω π ω

=
h

   (1) 

here ,  are projectile charge and velocity,  is light velocity, pe v c sr  is nanosphere radius, 

( , v, )sL rω  is function which in Bethe-Born approximation transforms in Coulomb logarithm: 

( )ln v sL rω→ . For the calculation of light scattering cross section Mie theory is used. 

Therefore wide range of radius values is taken into consideration. It is supposed however that 

nanoshpere radius is large enough for the applicability of dielectric permittivity concept for 

the description of nanosphere electromagnetic response.  

 Numerical calculations of PB spectrum cross section based on formula (1) for various 

target parameters and matrix dielectric constant are carried out. It is shown that the PB 

spectrum in the vicinity of plasmon resonance is sensitive to target radius, matrix dielectric 

constant and metal optical characteristics. Therefore investigated process may be considered 

as a perspective tool for diagnostics of metallic nanospheres in dielectric medium. 

 
[1] Polarization Bremsstrahlung Ed. by V. N. Tsytovich and I. M. Oiringel Plenum 1991 
[2] V. K. Grishin, D. P. Nikitin Bulletin of the RAS Physics, 73, (2009) 498. 
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Track formation by swift heavy ions (SHIs), though not observed in elemental 

crystalline semiconductors, has been found for a number of semiconducting binary alloys, 

including Si-Ge [1-3]. An interesting feature of SHI tracks in these alloys is their 

discontinuous nature (“beads” decorating the projectile trace) [2,3]. No convincing 

explanation of experimental observations in the framework of purely electronic energy loss 

models (such as thermal spike) has been proposed. We suggest, however, that the bead 

formation involves not only electronic, but also elastic energy loss, producing primary 

radiation defects in collision cascades. This idea is supported by the electron microscopy 

investigation [3], revealing the “beads” to be either small interstitial dislocation loops, or 

point defect agglomerates that collapse into loops at moderate (up to 300-400C) sample 

heating. 

We present the results of numerical simulations of elastic damage by 800 MeV U ions 

(the same as in [3]) in Si0.5Ge0.5, where the discontinuous track formation is the most clearly 

manifested. We have estimated, in particular, the creation frequency of “large” cascades with 

sufficient number of primary displacements to form defect clusters of observable size. The 

calculated average distances between these “large” cascades correlates very reasonably with 

the inter-bead separations observed in experiment.  

We discuss also how the collision cascade kinetics can be affected by relaxation of the 

high energy deposited into the electronic subsystem close to projectile trajectory. E.g. the 

cascade region can be amorphyzed at high ionization levels in the track and strong lattice 

heating by excited electrons. Another possible effect is the segregation of the alloy component 

during cascade cooling down. 

 
[1] P.I.Gaiduk, A.Nylandsted Larsen, C.Trautmann, M.Toulemonde, Phys.Rev.B 66 (2002) 045316. 
[2] P.I. Gaiduk, C. Trautmann, M. Toulemonde, J.L. Hansen,A.N. Larsen, Phys.B 340-342 (2003) 808. 
[3] P.I. Gaiduk et al Appl. Phys. Lett. 83 (2003) 1746. 
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The excitation of the X-rays in the light ion - atom collisions has been intensively 

studied in the last decades in order to develop and test theoretical approaches, as well as to 

build a database of X-ray production cross sections for applications. Therefore, a rather good 

understanding of X-ray production by light ion impact (protons, alpha particles etc.) has been 

obtained [1]. The situation is less satisfactory for heavier ions: on one hand there are only 

disparate experimental data and on the other hand the treatment of the higher order effects in 

the theoretical approaches has to be improved.  

In slow collisions with heavier projectiles, molecular-orbital (MO) excitation 

mechanisms may come into play. As shown before [2] for the asymmetric collision system 
48Ti + Pt, the inner-shell ionization could not be explained by only direct ionization from 

atomic states; furthermore, for this case, the MO mechanisms that are specific for the K-L 

level matching region are dominating. Instead, in the 12C, 16O + Pt collisions, the dominant 

contribution of the ionization from atomic states was found [3].  

The first aim of the present paper is to obtain new experimental evidence about the 

setting up of the quasi-molecular mechanism of electron promotion. This is done by 

comparing the Pt L-shell ionization by 0.5 – 2.5 MeV/u 31P and 35Cl ions with direct 

ionization (SCA and ECPSSR) calculations. Secondly, by using the energy and yield shifts of 

the L x-rays, outer-shell multiple ionization probabilities could be estimated and interpreted in 

terms of first order models. Using such data, projectile mean charge states in the solid target 

could be inferred.  

 
[1] I. Fijal-Kirejczyk et al., Phys. Rev. A 77, (2008), 032706   
[2] D.E. Dumitriu et al., ICACS 22 - Berlin (2006)  
[3] M.M. Gugiu et al., Rom. J. Phys. (in press)  
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The knowledge of accurate ionization and recombination (charge transfer) 

reaction rates of heavy ions is crucial in different domains, like ionization balance of 

highly charged ions in hot plasmas, research of X-ray lasers etc.  

One of the fundamental processes in atomic collisions is the transfer of an 

electron from a target atom into a fast-moving projectile. For electron capture into highly 

charged ions, the mechanisms which should be considered are: non-radiative electron 

capture (NREC), radiative electron capture (REC) [1], and resonant transfer and 

excitation (RTE). For loosely bound target electrons, REC is almost identical to radiative 

recombination (RR) of free electrons, which is the inverse of the photoelectric effect. 

Therefore, measurement of REC cross sections may be a way to indirectly determine 

photoionization cross sections.  

We report here measurements of REC cross sections in dependence of 

bombarding energy in the MeV/u range in collisions of 31P and 35Cl ions on thin (100 

µg/cm2) Pt targets. Mean electron binding energies in the final state as well as inverse 

photoionization cross sections are estimated. The experimental data are compared with 

usual model predictions.  

 
[1] H.A. Bethe and E.E. Salpeter, “Quantum Mechanics of One- and Two-Electron Atoms” (New York: 

Academic Press, 1957). 
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Both equilibrium and non-equilibrium charge state distributions for 2.0 MeV/u carbon 

ions after passing through carbon foils have been studied experimentally. The experimental 

apparatus used was the same as had used for studying equilibrium and non-equilibrium charge 

state distributions for sulfur ions by the authors [1,2,3]. The initial charge state for the 

projectile carbon ion was between 2 and 6, while the target carbon foils were between 0.9 and 

300 µg/cm2 in thickness. The different behavior in mean charge-state evolution to the 

equilibrium between for projectiles with and without L-shell electron(s), observed in sulfur 

projectiles [3] has been studied with simpler carbon projectiles. 

 
[1] M. Imai et al., Nucl. Instr. and Meth. B230 (2005) 63. 
[2] M. Imai et al., Nucl. Instr. and Meth. B256 (2007) 11. 
[3] M. Imai et al., Nucl. Instr. and Meth. B267 (2009) 2675. 
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Deposition of large energy density at precisely defined area, by using low beam 

currents or even single ion irradiations, offers attractive possibilities for patterning with swift 

heavy ion microbeams. With a versatile ion microbeam setup, the 6 MV Tandem Van de 

Graaff accelerator at RBI Zagreb offers a wide range of ion species and energies that can be 

focused down to the submicrometer beam spot size. 

For the successful single ion irradiation, a reliable detection of swift heavy ion impact 

is necessary. This has to be accomplished both in transmission (for thin targets) as well as for 

the thick samples. In the case of thin targets, transmitted swift heavy ions are detected by 

conventional silicon particle detector, whereas for thick targets, ion impact is registered by 

detection of ejected secondary electrons.  

The current status of ion microbeam setup at RBI, Zagreb with an emphasis on low 

beam current operation and single ion irradiations is given. Test measurements of 10 MeV 

oxygen ions focused with upgraded system of magnetic quadrupole lenses in quintuplet 

configuration show 300 nm lateral resolution. In addition, several examples of materials 

patterning with our upgraded setup are presented. 
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 The authors have investigated modifications of copper nitride (Cu3N) films on 

R-cut-Al2O3 substrates under high-energy ion impact, and found ion-induced decomposition, 

Cu phase separation, increase of the electrical conductivity by six order of magnitude and 

reduction of the optical bandgap [1]. These modifications are due to electronic excitation 

effects. In many cases, the incident charge of high-energy ions differs from the equilibrium 

charge. The near-surface phenomenon such as decomposition is anticipated to depend on the 

incident charge via electronic stopping power (square dependence on the charge). In this 

study, we have investigated the effect of the incident charge on the ion-induced 

decomposition of Cu3N. Under impact of the ions with the equilibrium charge (198 MeV 

Xe+30, 99 MeV Xe+25, 89 MeV Ni+19, 60 MeV Ar+13), it appears that the decomposition yield 

follows Se
1.6, Se being the electronic stopping power. The decomposition yield under 100 

MeV Xe+11 (non-equilibrium charge) ion impact is obtained as ~0.42 of that under 99 MeV 

Xe ion impact with the equilibrium charge of 25. This ratio is larger than (11/25)2x1.6 =0.072 

estimated from the square of charge dependence of Se and Se
1.6 described above. Similarly, 

the incident charge effect on the decomposition yield has been observed for 200 MeV Xe and 

90 MeV Ni ion impact. Depth dependence of the mean charge, effective length attaining the 

equilibrium charge and their effects on decomposition as well as decomposition mechanism is 

under investigation. 

 
[1] N. Matsunami, H. Kakiuchida, M. Tazawa, M. Staka, H. Sugai, S. Okayasu, Nucl. Instrum. Meth. 

B267(2009)2653. 
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Rutherford backscattering spectroscopy is useful for depth profile and compositional 

analysis of materials. However, the lateral spatial resolution is limited by the diameter of 

incident ion beam. Thus, several facilities of focused ion beam have been constructed. The 

most of these facilities employ the fairly expensive optics by using electro-magnetic lens. By 

contrast, the plan of cheaper and smaller optics by using a tapered glass capillary is going on 

in Japanese laboratories. In fact, Nebiki et. al.[1] demonstrated that the tapered galas capillary 

can focus the MeV ion beam to a µm size in beam diameter with a surprising brightness 

enhancement of the beam. However, the initially monochromatic energy of ion beam is 

significantly diffused because of energy loss by multiple scattering in the inside of capillary.  

In order to clarify the beam focusing mechanism, we performed experiments by using 

1.5 MeV He+ produced by van de Graff accelerator. Although the size of glass capillary was 

fairly large(entrance and exit capillary diameters were 1.2 mm and 100 µm, respectively), we 

realized that the monochromatic beam can be obtained if the taper angle is appropriately 

selected and the beam current is sufficiently large, and moreover, we found the guiding effect 

of glass capillary without any significant energy loss, in which the beam direction can be 

tilted by as much as ±2.5˚ with respect to the initial beam direction.   

Although the details of mechanism is not completely understood, the charging-up 

effect is primarily important for both focusing and guiding effects. In fact, the observed tilt 

angle of the beam direction was only ±1˚, when the incident beam current was 2.5 nA, in 

contrast to the case of ±2.5˚ in which the beam current was 22 nA. 

 
[1] T. Nebiki, T. Yamamoto, M.B.H. Breese, E.J. Teo, and F. Watt, Journal of Vacuum Science & Technology, 

21, 1671(2003). 
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Nuclear microscopy is a generic term referring to a large panel of ion beam analysis 

techniques carried out using light ion microbeams in the MeV energy range (typically H+ and 

He+) [1]. Numerous applications in biological samples take advantage of its versatility and 

easy operation, either at the tissue or individual cell scale. PIXE is the basic method employed 

for routine elemental mapping. In addition, micro-PIXE and other microbeam techniques 

complement each other to offer unique information [2]. In this review, different examples of 

investigation will be presented with emphasis placed on agricultural plants. 

The response of seed germination characteristics of some important agricultural plants 

to treatment in low pressure plasma of a capacitive coupled radio frequency (rf) discharge and 

in rf electromagnetic field has been studied. It has been shown that the pre-sowing plasma and 

radio-wave treatment of seeds contributes to their germination enhancement and sowing 

quality improvement [3]. 

 
[1] A. Lagutin. Experimental Results of the Beam Dynamics by Using Glass Capillaries for the ESA-2 / 

Proceedings of RuPAC 2008, Zvenigorod, Russia, P. 12-14, www.jacow.org. 
[2] Lagutin A.E. Device on the Basic of Insulating Capillaries for RBS and Other Applications / 19th 

International Conference on Ion Beam Analysis, 7-11 Sept. 2009, University of Cambridge, UK. P. 187. 
[3] Gorodecka H. A. et al. Influence of Plasma and Radio-Wave Treatment on Agronomical Properties of Seeds / 

XVIIIth Symposium on Physics of Switching Arc, 7-11 September 2009, Brno, Czech Republic. P. 170-
173. 
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Previous work [1] has shown that sputtering of yttrium iron garnet (Y3Fe5O12) under 

swift heavy ions in the electronic energy loss regime is non-stoichiometric. Here we are 

presenting additional experimental results for gadolinium gallium garnet (Gd3Ga5O12) as 

target. The irradiations were performed with different ions in equilibrium charge states (50Cr 

(589 MeV), 86Kr (195 MeV), 181Ta (400 MeV), and 238U (150 MeV)). As earlier, the 

sputtering yield was determined by collecting the emitted gadolinium and gallium atoms on a 

thin aluminium foil, placed upstream above the target [1] and analyzing the Al catcher by 

Rutherford backscattering. Also for Gd3Ga5O12, the emission of Gd and Ga is non-

stoichiometric. Sputtering appears above a critical electronic stopping power of Sth=10±2 

keV/nm, which is larger than the threshold for track formation [2], in agreement with other 

amorphisable materials [1, 3]. In addition, the angular distribution of the sputtered species 

was measured for Y3Fe5O12 and Gd3Ga5O12 using 200-MeV Au ions (equilibrium charge 

state). For the two garnets we observe a significantly increased yield (jet) perpendicular to the 

sample surface superimposed to an isotropic angular distribution. The stoichiometry of Y/Fe 

(and Gd/Ga) is preserved exclusively in the jet, whereas no Y and Gd species could be 

detected at large angles within the experimental errors. Such an angular dependence of the 

stoichiometry suggests a combination of two different sputtering mechanisms. 

 
[1] A. Meftah, J.M. Costantini, M. Djebara, J.P. Stoquert, F. Studer, and M. Toulemonde, Nucl. Instr. Meth. B 

107 (1996) 242. 
[2] A. Meftah, J.M. Costantini, N. Khalfaoui, S. Boudjadar, J.P. Stoquert, F. Studer, and M. Toulemonde, Nucl. 

Instr. Meth. B 237 (2005) 563 
[3] M. Toulemonde, W. Assmann, C. Trautmann, F. Grüner, Phys. Rev. Lett. 88 (2002) 57602 
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The divergence angular distributions and the charge state of the fragments resulting 

from dissociation of 6 MeV C2
+ ions in a thin carbon foil were measured. In this experiment 

condition, when the initial spatial orientation of diatomic projectile is perpendicular to the 

beam direction, the divergence angle of these fragments would correspond to a peak (θmax) in 

the angular distribution since the perturbation due to a wake force is negligible and the 

number of elastic scatterings with target nuclei decreases. However, the measured θmax in each 

angular distribution classified by the charge-state combination of fragments cannot be 

reproduced by the simple model calculation, which takes into account a screened Coulomb 

repulsion in various charge-state combinations, whereas the strong dependence of the final 

charge state of fragments on the initial internuclear separation was indicated by the analysis of 

the angular distributions of various charge-state combinations using the Monte Carlo particle 

trajectory simulation. 
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Recently intensive application studies using a-few-10s-keV C60 ions such as 

surface-sensitive analyses and secondary-ion mass spectroscopy (SIMS) of high-polymer 

materials and/or biomaterials have been made based on characteristic sputtering effects [1].  

The progress of such application studies has also expanded a basic understanding of the 

unique sputtering phenomenon induced by C60-ion bombardment.  In parallel with such 

experimental studies, computer simulation studies have provided non-empirical, essential 

insight into the phenomenon.  However, supporting data consistent with the simulated results 

have still not been obtained enough: for example, energy dependence of the sputtering yield 

and of the deposition, or implantation of carbon atoms, and the depth of surface layer affected 

by the bombardment.  In this study we have determined Si sputtering yield as a function of 

energy of C60 ions, and the number density of Si atoms displaced from the lattice site and 

carbon concentration in the surface layer as a function of C60-ion fluence in the energy range 

from 10 to 540 keV. 

Small pieces of Si(100) wafer were cleaned with the RCA method to reduce carbon 

contaminants and to remove an oxide layer on the surface prior to irradiation.  Then, they 

were irradiated with 10-, 50-keV C60
+ and 400-keV C60

2+ ions from the 400-kV ion implanter 

of JAEA/Takasaki.  The fluence of the C60 ion was 1011 to 1015 C60/cm2.  The number of Si 

atoms displaced from their lattice sites per cm2 was determined from the peak area of a 

surface peak of backscattering yields of 2-MeV He+ ions for <100> axial alignment of a Si 

crystal.  Carbon concentration in the surface layer was determined with the nuclear reactions 
12C(d, p0)13C using 1.2-MeV D+ and the cross-sections measured by Kashy et al. [2].  

Another set of Si samples were irradiated with 200-keV Ar+ ions at the fluence of 5×1015 /cm2 

after the cleaning in order to prepare an amorphous layer at the surface; then, they were 

irradiated with 10-120-keV C60
+ and 200-540-keV C60

2+ ions.  Si sputtering yields were 

determined from the thickness change of the amorphous layer measured with 

Rutherford-backscattering spectrometry using 2-MeV He+ ions.  Based on those results, 

effect of C60-ion bombardment on a Si surface will be discussed comprehensively. 

 
[1] For example, N. Winograd, Anal. Chem. 142A (2005). 
[2] E. Kashy et al., Phys. Rev. 117 (1960) 1289. 
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Investigations of the interaction of fast heavy particles and slow highly charged ions 

(HCI) with insulator surfaces have shown common features. Above a threshold energy 

(potential energy for slow HCI, stopping power for fast heavy particles) restructuring of the 

target material was observed leading to hillock formation at the surface of the insulator or to 

track formation within its bulk. Recently, we have shown [1] that only a part of the threshold 

potential energy for slow HCI is effective for hillock formation due to the energy transfer 

processes involved in the neutralization and deexcitation of the projectile.  

Following the same idea we now investigate the creation of tracks by swift heavy ions 

in an ionic crystal, CaF2. Ionization of the target by swift projectiles is modeled with time-

dependent perturbation theory. The electrons excited to the conduction band are propagated 

and excite phonons thereby heating the target. Only parts of the stopping power are 

transformed into heat.  

In a proof-of-principle molecular dynamics simulation, both hillock and track 

formation are modeled by following the temporal evolution of a hot region (size R, average 

temperature Ti) in a CaF2 crystal at room temperature, c.f. Fig. 1. Experimentally found 

threshold behavior is observed. 

 

Fig. 1: Above: Initial temperature distributions T(R) and average temperatures Ti, left: Ti = 
2000 K, R = 16 Å; right: Ti = 4000 K, R = 32 Å. Below: MD simulation of track region after 
several picoseconds. In the high temperature case strong lattice disorder (track formation) is 
observed. 
 
[1] C. Lemell, A.S. El-Said, W. Meissl, I.C. Gebeshuber, C. Trautmann, M. Toulemonde, J. Burgdörfer, F. 

Aumayr, Solid-State Electronics 51 (2007), 1398 
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Despite rather extensive previous studies of ion-beam-induced damage buildup in 

GaN, the physical nature of this process is still not fully understood. It is well known [1] that 

profiles of damage formed in GaN by ion bombardment at room temperature are bimodal with 

a strong surface damage peak in addition to the bulk damage peak centered behind the 

maximum of ballistically-generated displacements. Previous experiments (see, for instance, 

[2]) have shown that the surface damage peak in ion channeling spectra is often caused by a 

surface amorphous layer. However, it remains unknown how the rate of surface 

amorphization is influenced by the type and concentration of defects near the 

amorphous/crystalline (a/c) interface. Is the buildup of lattice damage in the crystal bulk 

influenced by the presence of a nearby a/c interface? In the present work, we addressed these 

questions by studying stable defect accumulation in samples with pre-existing surface 

disordered layers. 

Two sets of irradiation experiments have been carried out for wurtzite undoped (0001) 

GaN epitaxial films (grown by MOCVD) with different thicknesses of pre-existing surface 

disordered layers and with different ion energies, resulting in different depths of ion-beam-

generated lattice displacements. Results have shown that the formation of stable defects in the 

bulk is influenced by the presence of a nearby a/c interface. At the same time, the rate of 

surface amorphization is independent of the level of pre-existing defects in the crystal bulk in 

the vicinity of the a/c interface. These observations suggest that the a/c interface, as compared 

to stable damage in the crystal bulk, is a more efficient sink of mobile point defects 

responsible for the formation of surface amorphous layers in respect to both processes of 

point defect recombination and trapping. 

 
Work in St. Petersburg was supported by RFBR (grant 09-08-92657). Work at LLNL was performed under the 
auspices of the U.S. DOE by LLNL under Contract DE-AC52-07NA27344. 
 
[1] S.O. Kucheyev, J.S. Williams, and S.J. Pearton, Mater. Sci. Eng. R 33, (2001) 51. 
[2] S.O. Kucheyev, J.S. Williams, C. Jagadish, J. Zou, G. Li, A.I. Titov, Phys. Rev B 64, (2002) 035202. 
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We investigate the differences of sputtering of an atomic and a molecular van-der-

Waals bonded solid: Ar and oxygen. The specific case of 750 eV bombardment by Ne 

projectiles at 45° incidence angle is considered. Experimental data are available for the 

translational distributions of sputtered neutrals: Ar and Ar2, and O and O2, respectively. 

Simulation provides in addition information on the temporal evolution of the sputter yield and 

the population of internal degrees of freedom of sputtered molecules and dimers. We discuss 

these data in the framework of linear-cascade and spike theories of sputtering and emphasize 

the differences between sputtering mechanisms of atomic and molecular targets. 

 
Fig. 1. Simulation of 750 eV Ne-Ion bombarding of Oxygen ice. The ion came at 45° to the surface from the 
upper left. Final state at 46 ps for two representative simulations of target swelling (left) and crater formation 
(right). Crater formation and energy deposition varies depending on the impact point. Target depth 100 Å, 
lateral extension 160 Å Cross section thickness 10 Å. The colors denote temperature from 0 K (blue) up to the 
vaporisation temperature of Oxygen at 90 K (red) and purple above. 
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Saturn's largest moon, Titan, has a dense atmosphere primarily composed of molecular 

nitrogen (N2, 96%) and methane (CH4, 4%). Its atmospheric structure has been intensively 

studied recently due to the large amount of data obtained in situ by the Huygens probe during 

its decent to the surface on 14 January 2005. The probe could diagnose the composition of the 

haze particles made up organic chains containing H, C and N. Hydrocarbons and nitriles 

produced by photolysis of CH4 at high altitudes (~ 2,000 km) act as embryos of aerosols of 

Titan as they fall to the surface. It is expected that CH4 condenses on these particles forming a 

layer of ice by adsorption or nucleation. Due to the high abundance of these aerosols 

throughout the atmosphere of Titan, their presence are relevant for the ionic balance of the 

atmosphere, especially the lower ionosphere promoted mainly by the flux of galactic cosmic 

rays (GCR). We have investigated the production of ions by electronic sputtering process due 

to the bombardment of the surfaces of aerosols by heavy ions. Time-of-flight (TOF) technique 

was used to obtain ion sputtering yields. An ice layer of CH4 was grown by condensation over 

a pre-condensed N2 ice in high vacuum chamber (1 x 10-7 mbar) at cryogenic temperature (10 

K). Relative sputtering yields due to fast projectiles (252Cf fission fragment ~ 65 MeV) on the 

ice surfaces were measured. The bombardment was continued during the successive growth of 

both condensed layers; the negative and positive sputtered ions were identified by TOF. 

Hybrid species including NH3
+ (17 u), HCN+ (27 u) and CN- (26 u) were formed, as well as 

the acetonitrile ion (CH3CN+, 41 u). We argue that a similar process of continued ion 

replenishment into the gas phase by sputtering in aerosols ubiquitous in the lower ionosphere 

of Titan may occur and should be further investigated. 
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The emission of atomic and molecular secondary ions sputtered from a variety of 

metals and semiconductors (Al, Cu, Si, GaAs, InP, InSb, CdSe, CdS, CdZnTe) under keV-Cs+ 

irradiation was investigated. The emitted ions were detected in a high-sensitivity double-

focusing secondary-ion mass spectrometer. The energy spectra and the ion yields of those 

sputtered species were recorded. In particular, the emission characteristics of MCs+ ions 

(where M designates one of the target elements) were examined and compared with the 

corresponding data of Cs+ ions. Because of their widespread analytical use, a detailed 

understanding of the emission mechanism of these MCs+ ions is of considerable importance. 

Generally, the energy distributions of Cs+ and MCs+ species are rather similar at low emission 

energies (< 5 eV), whereas for higher energies the intensities of MCs+ decrease more strongly 

than those of Cs+ ions. The emission spectra of the detected atomic and molecular ions will be 

compared with existing theoretical models of secondary-ion formation processes. 
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Interactions between low energy ions and solid rare-gases have been investigated by 

observing desorbed ions. Figure 1 shows a mass spectrum of desorbed cluster ions from solid 

Ne of 2000 monolayers (ML) thick at 4.9 K by 1.8 keV Ar+ impact. We found that the kinetic 

energy of the desorbed cluster ions significantly increases with dose of the incident ions at the 

film thickness of a few hundred ML. This phenomenon can be explained by charge-up (i.e. 

holes) in the solid Ne which is an insulator. The kinetic energy of the desorbed ions is 

considered to be proportional to the number of holes created in the solid by ion impact.  

Figure 2 shows the kinetic energy of the desorbed Ne2
+ measured at the sample temperatures 

of 4.9 ~ 5.6 K. This temperature effect can be understood as the temperature dependence of 

diffusion rate of holes. The activation energy of the hole hopping transport is estimated to be 

1 meV from the slope of the Arrhenius plots in Fig. 2. The present results can provide the 

information about the transport of holes in solid rare-gases at very low temperature. 

 
Fig. 2. Mean kinetic energy of the 
desorbed Ne2

+ as a function of the 
temperature of the solid Ne. 

 
Fig. 1. Mass spectrum of desorbed Nen

+ 
from solid Ne by 1.8 keV Ar+ impact. 
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 Scattering of low energy He+ ions from a polycrystalline copper surface is studied. 

Using Monte Carlo simulation, based on the TRIM (TRansport of Ions in Matter [1]) code, 

TOF (Time-Of-Flight) spectra are calculated and compared to experimental ones. Effects of 

ion-atom interaction potential and electronic stopping on these spectra are discussed. 

 
[1] J.F.Ziegler, J.P.Biersack, U.Littmark, The Stopping and Ranges of Ions in Solids, Pergamon Press, New 

York, 1985. 
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A sequence of relaxation processes occur in solid insulators after excitation by some 

kind of ionizing radiation. A number of radiation induced defects (defects of structure, 

electrons and holes self-trapped/trapped in the lattice, molecule fragments) take part in these 

processes. Relaxation cascades were investigated by various methods different types of 

materials [1]. Our group has developed an experimental setup for simultaneous monitoring of 

several channels of relaxation in pre-irradiated cryogenic solids: concurrent measuring of the 

TSL yield, TSEE yield and the yield of desorbing atoms [2]. Here we present the study of 

relaxation processes in solid nitrogen performed by a set of activation spectroscopy methods 

in combination with luminescence analysis.  

The samples of 50 µm thickness were grown from the gas phase by condensation on a 

cooled metal substrate. High purity N2 (99.999%) was used. A quality of the samples was 

controlled spectroscopically. Then they were exposed to an electron beam of subthreshold 

energy (500 eV) to exclude knock-on defect production and sputtering. The energy transfer 

processes, defect energy levels and relaxation processes were probed by TSEE and TSL 

measurements. 

We found anomalous low-temperature post-desorption from pre-irradiated solid 

nitrogen. The yield of N2 detected exhibited nonmonotonic behavior. Its maxima clearly 

correlated with the maxima in the yields of TSL and TSEE. The results obtained revealed a 

direct link between the electron detrapping, electron-hole recombination and anomalous low-

temperature post-desorption processes. Possible mechanisms of thermally stimulated post-

desorption are discussed.  

 
[1] N. Itoh and A.M. Stoneham, Material Modification by Electronic Excitations, University Press, Cambridge, 

2000. 
[2] A.N. Ponomaryov, E.V. Savchenko, G.B. Gumenchuk, I.V. Khyzhniy, M. Frankowski, and V.E. Bondybey 

Low Temperature Physics 33, 705 (2007). 
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We studied the properties of hydroxide ions on water-ice films by using the techniques 

of Cs+ reactive ion scattering (RIS) and low energy sputtering (LES) for the ice film 

temperatures 90–140 K. A Cs+ beam from a low energy (< 100 eV) ion gun was scattered at 

the film surface, and neutral molecules on the surface were picked up by the Cs+ projectiles to 

form Cs+-molecule clusters (RIS process). Preexisting ions on the surface were detected via 

collision-induced desorption, or the LES process. The water-ice films were made of a thick (> 

50 BL) H2O layer and a thin D2O overlayer. Hydroxide ions were prepared by the hydrolysis 

reaction of Na atoms on the ice film surface or at the interface of the H2O and D2O layers.[1] 

The migration of hydroxide ions from the H2O/D2O interface to the top of the film was 

investigated as function of time and temperature. H/D exchange reactions of H2O and D2O 

molecules mediated by hydroxide ions were also examined.  

 
[1] J. -H. Kim, Y. -K. Kim, and H. Kang, J. Phys. Chem. C 113 (2009) 321. 
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The Storing Matter technique consists in decoupling the sputtering of the specimen 

from the analysis step [1]: first, the sample surface is sputtered by an ion beam, and the 

emitted particles (ions as well as neutral atoms or molecules) are deposited at sub-monolayer 

level on a dedicated collector. In a second step, the matter deposited on the collector is 

analyzed by Secondary Ion Mass Spectrometry (SIMS).  

Previous results obtained for polymer samples [2] indicate that the Storing Matter 

technique involves different fragmentation and/or ionization mechanisms than a conventional 

static SIMS (S-SIMS) analysis of the polymer reference samples: in the latter case, only 

positively or negatively charged particles are detected, while in Storing Matter also neutral 

and radical fragments are deposited on the collector. Since the collector surface (Ag or Cu) is 

chosen in order to promote desorption and cationization of molecular fragments, the 

formation of “new” positively charged fragments during the analysis step can be expected. 

To get deeper insight into these fragmentation and ionization mechanisms, we 

prepared polymer deposits on Ag collectors with positive or negative bias applied to the 

sample during the sputter-deposition step (the collector being grounded). For example, when 

–100V were applied to a PMMA sample, only neutral and anionic species were deposited on 

the collector, but the positive S-SIMS spectrum of this collector contained several intense 

characteristic peaks of the polymer. This indicates that a significant amount of the deposited 

neutrals and/or anions could be re-sputtered as cations, proving that the Storing Matter 

technique gives access to molecular information complementary to that obtained by a 

classical S-SIMS analysis.  

XPS (X-ray Photoelectron Spectroscopy) analyses of the same deposits allow for a 

quantification of the proportion between neutrals, anions and cations emitted during the 

sputter-deposition step. 

 
[1] T. Wirtz, H. N. Migeon, Applied Surface Science, 255 (2008) 1498 
[2] N. Becker, T. Wirtz, H. N. Migeon, accepted for publication in Surface and Interface Analysis 
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Tungsten is the main candidate for the plasma facing material in the future 

thermonuclear reactor. Investigation of interaction of hydrogen isotopes with radiation defects 

is necessary to predict tritium inventory in plasma facing materials. 

Three-dimensional macroscopic defects, such as blisters, pores, cracks can accumulate 

considerable amount of hydrogen isotopes, and play a significant role in tritium inventory. 

Pores and blisters can be created during ion and plasma bombardment. 

It has been found in FIB/SEM observations that ions with energies 3-10 keV create 

pores (or voids) in some grains in the near surface region (within 500 nm) of tungsten. It is 

assumed, that these pores are created due to agglomeration of vacancy clusters during 

annealing or/and irradiation. 

Interaction of hydrogen with these pores was investigated by the “probe” TDS 

method. Deuterium ions of a small fluence and a small energy of 1 keV/D (which is below the 

threshold of 1050 eV) were implanted in the W sample; and subsequent release of deuterium 

was investigated by TDS.  The resulting thermodesorption spectra consist of two distinct 

peaks: 390 K and 630 K. The peak at 390 K is attributed to D atoms, trapped either on the 

surface or in low energy defects. The peak at 630 K is attributed to pores. An annealed virgin 

sample without any radiation defects at all, had no peak at 630 K in probe TDS.  

A numerical model describing deuterium release from pores has been developed. It is 

assumed that deuterium in pores is trapped on the internal surface of the pores. Release of 

deuterium can be considered as permeation through the asymmetric one-layer membrane [1, 

2]. The pore surface is an inlet side and the sample surface is the outlet side in the permeation 

task. Calculations gave a good agreement with experimental TDS measurements. 

 
[1] A. Pisarev, Journal of Membrane Science.  335 (2009) 51.  
[2] A. Pisarev, I. Voskresensky, S. Porfirev, J. of Nucl. Mater.313-316 (2003) 604. 
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Dynamic Secondary Ion Mass Spectrometry (D-SIMS) is an extremely powerful 

analysis technique for surfaces and thin films. The emission of secondary ions is very 

sensitive to the chemical state of the sample surface. An increase of the sensitivity of 

electropositive elements can be induced by the bombardment with electronegative primary 

ions.  

Because of the aforementioned reasons, oxygen bombardment is widely employed in 

SIMS analyses to effect this yield enhancement. Most SIMS instruments are as a consequence 

equipped with a duoplasmatron type ion source which can be run with an oxygen gas feeding 

in order to produce O2
+ or O - ion beams. A drawback of the O- ion beam is its low brightness, 

which results in a low lateral resolution of the analyses. 

In this study, the properties of F-, Cl-, Br- and I- ion beams generated by a 

duoplasmatron ion source are analyzed. The beam characteristics (ion current, beam diameter, 

brightness) are determined as a function of the plasma properties such as the magnetic field 

strength, the arc current and the pressure. The obtained performances are compared to the 

ones obtained with the currently used O- ion beam. 
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Owing in particular to its excellent sensitivity and its good depth resolution, 

Secondary Ion Mass Spectrometry (SIMS) constitutes an extremely powerful technique for 

the analysis of surfaces and thin films. The ionization probability of the analyzed elements 

strongly depends on the chemical state of the sample surface. The ionization probability of 

electropositive secondary ions is enhanced by the bombardment and implantation of 

electronegative primary ions. For this reason, dynamic SIMS instruments are commonly 

equipped with a duoplasmatron ion source generating O- and O2
+ ion beams as electronegative 

primary species. 

In this paper, we present SIMS analyses carried out with O-, F-, Cl-, Br- and I- primary 

ion beams. Different metallic and semi-conductor samples were analyzed. The useful yields 

of the analyzed elements sputtered from the different samples are determined as a function of 

the used primary ion and of the concentration of these primary species implanted into the 

sample during analysis. These useful yields express the sensitivity of the analyses. A 

comparative study of the results is performed in order to conclude on the most adequate 

primary ion type for the different kinds of elements and samples. 

In this context, the useful yield of Ni and Cu show a strong enhancement when using a 

F- primary ion bombardment instead of the standard O- bombardment. 
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It is well known that the charge states of sputtered particles strongly depend on the 

surface conditions. For the quantitative analysis of SIMS, it is thus important to understand 

how the surface conditions affect the ionization process. In this study, we have measured the 

Si+ and Si2+ yields sputtered from a nominally clean Si(111) surface as a function of the 

concentration of the residual O impurity in the surface region, which was varied by gradually 

removing SiOX layers on an n-type Si(111) surface by the repetitive cycles of 11 keV Ar+ 

sputtering and annealing at ∼1100 K. After each cycle, the secondary ions on the 

bombardment of a pulsed 11 keV Ar0 beam were detected by a time-of-flight (TOF) method. 

Although the O+ could not be observed, under the assumption that the SiO+ yield is 

proportional to the O concentration, we found that the Si+ yield linearly increases with the O 

concentration, while the Si2+ yield is almost constant. In addition, the shape of the Si+ TOF 

spectrum changes with the O concentration, while that of Si2+ does not. The increasing Si+ 

yield can be explained in terms of the electron affinity of O and Si. The Si2+ may be formed 

either by the double or sequential ionization process of Si+ or by the auto-ionization process 

of the excited Si+ having the 2p hole, which is ionized in the collision cascades [1]. Because 

of the observed sensitivity to the O concentration, we conclude that the Si2+ formation 

originates mainly from the auto-ionization.  

 
[1] K. Wittmaack, Nucl. Instrum. and Methods 170 (1980) 565. 
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Even at moderate fluence (0.6 -2.4 J/cm2) laser impact on metals in the UV regime 

results in a significant number of ions emitted from the surface. Even at this low fluence the 

particles ejected from a surface interact with each other in a so-called laser ablation plume. 

The ablated particles are largely neutrals at low fluence, but the fraction of ions increases 

strongly with fluence. 

We have irradiated silver in a vacuum chamber (~ 10-7 mbar) with a Nd:YAG laser at 

a wavelength of 355 nm. The ion flow in different directions has been measured with a 

hemispherical array of Langmuir probes, by which the time-of-flight spectra in all directions 

can be recorded [1,2]. Typically, the spectra of silver ions peak from 70 eV up to 145 eV in a 

direction normal to the target surface with increasing fluence. At the highest fluence the 

ionized fraction of the ablated particles exceeds 0.5. 

The fluence range considered is also a typical range for pulsed laser deposition (PLD), 

by which the material is collected on a suitable substrate for thin film growth. PLD has the 

advantage compared with other film deposition methods, that even a complicated 

stoichiometry, e.g. metal oxides or alloys, can be transferred from target to substrate. 

However, at high fluence the energetic ions produced by the ablation process can induce 

preferential sputtering of the growing film, such that the desired stoichiometry of the film no 

longer can be maintained [3]. 

 
[1] B. Thestrup, B. Toftmann, J. Schou et al., Appl. Surf. Sci. 197-198 (2002) 175 
[2] B. Toftmann, J. Schou, T. N. Hansen and J. G. Lunney, Phys. Rev. Lett. 84 (2000) 3998. 
[3]  J. Schou, Appl. Surf. Sci. 255 (2009) 5191. 
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The molecular dissociation at the single-crystalline Fe3O4(001) surface has been 

investigated using the diatomic H+
2 , D+

2 and N+
2 molecules in the energy range of 3,5-8 keV 

and in the temperature range of 90K - 300K. Only a very broad peak was observed in the 

spectra of positive-charged scattered ions in the case of H+ and D+ ions, while that of the N+ 

ions revealed a large asymmetric Fe-peak and a small O-peak. In the energy spectra of 

negative-charged ions under N2 molecule bombardment, one broad peak was observed 

assigned to the O-1 – recoil. In all cases, the peak intensity and peak width increases with 

increasing primary energy. Our results confirm that for the light molecules such as H2
+ and 

D2
+ the charge-transfer process seems to dominate the interaction of a molecule with the 

magnetite surface. The single collision of the ions released from dissociation with the surface 

atoms was observed only for the N2
+ molecules. A large change in the scattered ion yields 

around the Verwey phase transition temperature of magnetite surface (∼130 K) was observed 

indicating a strong correlation between molecule dissociation and the electronic state of the 

magnetite surface. 
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Lithium fluoride, like other alkali halide crystals, is very sensitive to ionizing 

irradiation. Decay of self-trapped excitons and electron-hole recombination are very efficient 

mechanisms of color center creation in LiF crystals under various irradiations, including ion 

irradiation in the electronic stopping regime [1]. However the damage creation in LiF crystals 

under irradiation with Au ions with energies around a few MeV has some peculiarities in 

comparison with GeV ions [2]. 

Creation of color centers in LiF under irradiation with 3–15-MeV Au ions was studied. 

Although these ions deposit the most part of their energy into electronic subsystem of the 

target, comparison of experimental data of color center creation with computer simulation of 

the energy deposition and elastic atomic displacements [3] reveals the role of elastic collisions 

in defect creation. The experimentally measured efficiency of color center creation and that 

predicted by the simulation of elastic displacements have a similar dependence on the 

projectile energy. Thus, the color center creation is mainly associated with the elastic 

collisions. 

 
[1] K.Schwartz, A.E.Volkov, M.V.Sorokin, C.Trautmann, K.-O.Voss, R.Neumann, M.Lang, Phys. Rev. B 78 

(2008) 024120  
[2] A.Lushchik, Ch.Lushchik, K.Schwartz, E.Vasil’chenko, R.Papaléo, M.V.Sorokin, A.E.Volkov, R.Neumann, 

C.Trautmann, Phys. Rev. B 76 (2007) 054114  
[3] P F.Ziegler, M.D.Ziegler, J.P.Biersack, SRIM 2010 (c) 1984–2010 (http://srim.org/) 
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It is now well known that it is possible to enhance the organic ion yield in conventional keV 

projectile Secondary Ion Mass Spectrometry (SIMS) by evaporating small quantities of gold 

onto the sample surface prior to sputtering[1]. It is possible to increase the ion yield by at least 

one order of magnitude. The evaporated metallic layer forms metallic nano-particulates on the 

surface and it these that are considered to enhance the yield ion.This method has become 

known as MetA-SIMS (or Melal Assisted SIMS). It is thought that there are two potential 

ways in which the yield is affected. In the first, the nano-particulates create or enhance 

specific ionization pathways for molecules leaving the surface, including e.g. metal 

cationization.  In the second the heavy metallic nano-particulates substantially increase the 

stopping of the primary ion in the vicinity of the impact and can lead to a greater amount of 

energy deposited at the surface, thereby increasing the sputter yield. The detailed mechanisms 

are still the focus of theoretical and experimental investigation.  Here we report an 

investigation to see if similar effects occur for MeV ions. MeV ions have been used for SIMS 

for a number of years[2] but only very recently with a microprobe[3] and the effects of metal 

nano-particles on the ion yield have not been recorded.  

Our preliminary results, using various thicknesses of gold layers on PMMA and Polystyrene 

films on silicon substrates sputtered with a 6MeV O3+ ion beam, show that the metallic layers 

do indeed give rise to a substantial increase in ion yield. However, comparison with sputtering 

using a conventional keV ion beam shows that the enhancement achieved is only observed for 

the thinnest gold films, where as with the keV projectiles the observed enhancement is present 

for much thicker films. We have given some potential explanation to the observed differences 

which might help to differentiate between the two enhancement mechanisms. 

 
[1] A. Delcorte, N. Médard, P. Bertrand, Anal. Chem. 2002, 74, 4955-4968. 
[2] D. F. Torgerson, R. P. Skowronski, and R. D. Macfarlane. Biochemical and 
Biophysical Research Communications, 1974, 60(2), 616-621. 
[3] B.N.Jones, J.Matsu, Y.Nakata, H.Yamada, J.Watts, S.Hinder, V.Palitsin, R.Webb, Surface and Interface 

Analysis, 2010, (in press) 
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Scattering of fast atoms with solid surfaces is accompanied by electron transfer 

processes which play an important role in a variety of applications as discharge phenomena, 
surface analytical tools, plasma-wall interactions, or particle detection. In the latter respect, 
one finds recent applications in space science where the properties of neutral atoms are 
detected in extra-terrestial plasmas [1]. Here atoms with energies of some 10 eV up to some 
keV are of particular interest. Those are detected by the formation of ions and subsequent 
handling using electromagnetic fields. Since the production of positive ions is not efficient at 
low collision energies under the constraints for operation in a space craft, conversion to 
negative ions has been proven as a powerful method in the detection scheme for atoms [2]. 
The principle of operation of instruments for neutral atom detection in space is then based on 
the scattering of the atoms from the surface of a suitably chosen target where the 
backscattered beam contains considerable fractions of negative ions. In optimizing the 
performance of the conversion process from fast atoms to negative ions, the boundary 
conditions for the target surface of high efficiency with respect to particle flux and negative 
ion yields as well as robust properties in view of the demand during a mission in space has to 
be taken into account. After a long and widely exploratory search, the surface of diamond-like 
carbon (DLC) films grown on a silicon substrate has proven to fulfil these criteria under 
realistic conditions on missions in space. 

However, aside from the successful application of DLC surfaces, the working 
principle of these targets is still a matter of debate and was not cleared up so far. The lack in 
understanding of the microscopic interaction mechanisms resulted from incomplete 
experimental data sets as well as no theoretical treatments for this specific target material. The 
status for DLC surfaces is contrasted by the substantial success in the recent decades towards 
a detailed understanding of charge transfer phenomena of atoms in front of metal surfaces [3]. 

In our experiments, fractions of negative ions after grazing scattering of fast hydrogen 
and oxygen atoms from diamond-like carbon (DLC) surfaces are studied as function of 
projectile velocity. We reveal a pronounced kinematic resonance behaviour of the negative 
ion fractions which provides important information on the charge transfer mechanism. From 
simple model calculations, we conclude that electron capture from the 2D-continuum of the 
electronic surface state may play an important role in the efficient formation of negative ions. 
 
[1]  E. Möbius et al., Science 326 (2009) 969 
[2]  P. Wurz, J. Scheer, and M. Wieser, Surf. Sci. Nanotech. 4 (2006) 394 
[3]  H. Winter, Phys. Reports 367 (2002) 387 
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Convoy and Auger electrons emitted from 416 MeV/u heliumlike Ar16+ ions excited by 

three-dimensional resonant coherent excitation (3D-RCE) have been measured. We prepared 

the heavy ions in the excited state by selective excitation with a periodic crystal field during 

the passage through a 1-micron thick Si crystal in the non-channeling conditions [1,2]. The 

excited ion has larger ionization probability by collisions with the target (Si crystal) atoms 

compared to the ground state ion. Consequently, an electron is released from the excited ion 

into the continuum, and emerges into a vacuum in the forward direction at the equi-velocity of 

the ion as convoy electron. We previously measured the yield of the convoy electron 

accompanied by 2D-RCE in the planar channeling conditions using a 21-micron thick Si 

crystal [3]. In the present study, we have extended this measurement by applying 3D-RCE 

with a much thinner Si crystal. It has a great advantage; negligible energy loss and small 

influence of multiple scattering of the released electrons. 

We experimentally observed the released electrons by a magnetic analyzer coupled 

with a Si solid-state detector placed at the zero-degree position downstream of the crystal 

target. Under the single resonance condition of 1s2 ->1s2p, we found not only enhancement of 

the convoy electron yield but also significant narrowing in the energy distribution, reflecting 

the initial bound state momentum distribution of the excited ion. The shape of the cusp peak 

after projectile ionization, i.e., low-energy electrons in the projectile frame, mirrors the wave 

function structure of the initial state. 

Under the double resonance condition of 1s2 -> 1s2p -> 2p2, we observed clear 

evidence of the selective formation of the doubly-excited state and its decay through Auger 

electron emission, i.e., 3.3 keV Auger electrons form peaks at the each side of the shoulder of 

the cusp peak of convoy electrons in the zero-degree electron spectroscopy. 

 
[1] Y. Nakano et. al., Phys. Rev. Lett. 102, 085502(2009). 
[2] C. Kondo et. al., Phys. Rev. Lett. 97, 135503(2006). 
[3] T. Azuma et. al., Nucl. Instr. Meth., B212, 397(2003). 
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The temperature dependences of ion-induced electron emission yield γ of highly-

oriented pyrolytic graphite (HOPG) (grade UPV-1T, NIIgraphite production) under high-

fluence (1018 – 1019 ion/cm2) 30 keV Ar+ ion irradiation have been measured to trace the 

temperature-depending changes of structure and morphology in the basal oriented samples. 

The target temperature was varied during continuous irradiation both from room temperature 

to 400oC and back. The target analysis has been produced by the RHEED, SEM, laser 

goniophotometry (LGPh) and RBS techniques. The γ(T)-dependences has been found 

different from ones for polygranular graphites irradiated both by Ar+ and N2
+ ions, for which 

at the temperatures less than the dynamic radiation damage annealing temperature Ta, a 

transition takes place from polycrystalline state to amorphized state of surface layer [1]. 

Firstly, instead of the step-like behavior for UPV-1T γ(T)-dependence displays the peak-like 

one at the temperature Tt of ion – induced texture transition [2]. At T < Tt the surface layer of 

irradiated UPV-1T is transformed into a polycrystalline state. Secondly, for UPV-1T 

temperature hysteresis has been discovered, which is absent for polygranular graphites at the 

same irradiation conditions. Maximum difference in γ has been observed at Tt ~ 160оС. One 

may suppose that an ordering degree of HOPG during ion irradiation at heating and at cooling 

is different [3]. The RBS analysis using 2 MeV Не+ shows typical for channeling decrease of 

the yield for aligned [100] UPV-1T orientation before irradiation. After ion irradiation at 

heating from RT up to 160оС the disturbed surface layer (200 nm) with argon concentration 

6 at.% has been observed. Ion irradiation beginning from the target temperature 400оС till 

160оС results to disturbed surface layer with more than 1000 nm thickness and argon 

concentration ~ 1 at.%. The difference is found also for ion induced surface microgeometry 

measured by LGPh. 

 
[1] Borisov A.M. and Mashkova E.S., Nucl. Instr. Meth. B 258 (2007) 109. 
[2] Andrianova N.N., Borisov A.M., Mashkova E.C., Parilis E.S., Pitirimova E.A. Timofeev M.A., Vacuum 84 

(2010) 1033. 
[3] Dienes G.J., Vineyard G.B. Radiation effects in solids. New York: Interscience Publ., Inc.; 1957. 
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The analysis of the angular dependences of ion-induced electron emission yield γ from 

polycrystalline graphites under high-fluence (1018 – 1019 ion/cm2) 30 keV Ar+ and N2
+ ion 

irradiation allowed us to show, that the mean path length λ of secondary electrons at 

temperatures above the dynamic radiation damage annealing temperature Ta is larger than 

below it, λ (T > Ta) > λ (T < Ta) [1,2]. As a result of efficient disordering of the graphite 

lattice γ (T < Ta) < γ (T > Ta). In the present work the dependences of γ for polycrystalline 

graphite MPG-8 (NIIgraphite production, Moscow, Russia) on ion energy E were measured 

under Ar+ ion irradiation in energy range 6 - 30 keV from room temperature till 400oC. It has 

been observed that the difference between γ (T > Ta) and γ (T < Ta) decreases with ion energy 

decreasing, and at E ≤ 10 keV the yields γ (T > Ta) ≈ γ (T < Ta). A possible reason of such 

behavior may be the dependence of radiation damage on ion energy. According to simple 

estimates made in [3], the extent of radiation damage under steady state of high-fluence ion 

irradiation ν measured in dpa decreases with E decreasing. One may suppose, that in studied 

temperature range, when ν becomes less than a certain threshold value, the graphite lattice is 

virtually not disordered. The experimentally obtained energy dependence of the ratio γ (T > 

Ta) / γ (T < Ta) has been compared with the dependences calculated from previously published 

formulas [4] using reasonable values of both of the ionizing capable projectile path length Re 

and the path lengths λ of secondary electrons. The values of λ are in agreement with those 

obtained in [5]. 

 
[1] Borisov A.M., Mashkova E.S., Nemov A.S., Vacuum 73/1 (2004) 65. 
[2] Borisov A.M., Mashkova E.S., Nemov A.S., Parilis E.S., Nucl. Instr. Meth. B 230 (2005) 443. 
[3] Andrianova N.N., Borisov A.M., Mashkova E.C., Parilis E.S., Pitirimova E.A., Timofeev M.A., Vacuum 84 

(2010) 1033. 
[4] Borisov A.M., Mashkova E.S., Nemov A.S., Parilis E.S., Vacuum 80 (2005) 295. 
[5] Cernusca S., Fursatz M., Winter HP., Aumayr F., Europhysics Letters 70 (2005) 768. 
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The recently discovered effect of ion-guiding through insulating capillaries [1] has 

revived the fundamental interest in the interaction of charged particles with insulating 

surfaces [2,3]. The slow charge-transport in insulators leads to a charging-up of the material, 

which makes experimental investigations more difficult than in the case of conductive 

materials. In this context the ion-induced electron emission yield is a quantity of interest. 

Surprisingly high electron yields from insulator surfaces are found experimentally. The 

involved mechanisms are still a matter of investigation and debate (see e.g. [3]).  

In this contribution, we present measurements of the total ion-induced electron 

emission yield from a massive crystalline LiF (001) target by singly and multiply charged 

ions in the keV impact energy region. The measurements are performed at the ECR ion source 

in Vienna using a current method with a retarding grid. The basic equipment has been used in 

the recent past to study electron emission from metals [4,5]. Charging of the sample surface 

highly influences the effective number of electrons, which can escape the sample and be 

detected. Therefore the measured yield is highly sensitive to the surface potential. For a LiF 

sample a surface potential higher than a few Volts would lead to a total suppression of 

electron emission. This can be avoided by heating the target to temperatures well above 

300°C, where ionic conductance is sufficient to remove the charges in between successive ion 

impacts. Experimental results will be presented at the conference and discussed in terms of 

kinetic and potential electron emission contributions [6]. 

 
[1]  N. Stolterfoht, et al. Phys. Rev. Lett. 88 (2002) 133201. 
[2]  G. Kowarik, et al., Nucl. Instr. and Meth. Phys. B 267 (2009) 2277 
[3]  W. Meissl, et al., e-J. Surf. Sci. Nanotech. Vol. 6 (2008) 54. 
[4]  S. N. Markin, et al., Phys. Rev. B 78 (2008) 195122. 
[5]  G. Kowarik, M. Brunmayr and F. Aumayr, Nucl. Instrum. Meth. B 267 (2009) 2634 
[6] F. Aumayr, and HP. Winter, Springer Tracts in Modern Physics 225 (2007) 79 
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The electronic excitation of a solid surface bombarded by energetic ions manifests in 

the production of hot electrons, which can be either emitted from the surface (“kinetic 

electron emission”) or remain within the solid. While the detection of the former is 

straightforward, investigation of the latter is experimentally challenging. In the present work, 

we use Metal-Insulator-Metal (MIM) tunneling junctions to detect and investigate hot charge 

carriers (electrons and holes) produced during bombardment of a metal surface with keV rare 

gas (Ar+) and metal cluster (Aun
-) ions. The sample consists of a top metal film of about 20 

nm thickness (the actual bombarded target surface), an underlying thin (2-3 nm) oxide film 

deposited and another metal electrode underneath. With such a device, excitations below the 

vacuum level can be detected as an internal electron emission current between the two metal 

electrodes. Application of a bias voltage between the electrodes thereby allows to extract 

information about the excitation energy spectrum.   

By combining the information obtained from external and internal emission, it is 

possible to gain information regarding the depth distribution of the generated excitation as 

well as the transport mechanism distributing the excitation away from its initial point of 

generation. We demonstrate this by varying the impact angle of the projectile ion beam. It is 

found that external and internal emission currents vary exactly in opposite direction when 

going from normal to oblique incidence. While the external emission yield increases due to 

the fact that the excitation profile is located closer to the surface, the internal emission yield is 

found to strongly decrease. In order to investigate possible non linear effects of kinetic 

excitation processes, the rare gas projectiles are replaced by small metal cluster ions generated 

by a Cesium-sputter ion source. First results obtained with this setup will be presented.  
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The statistical distributions of the number of simultaneously emitted secondary 

electrons (SE's) from a thin carbon foil have been measured with H0 and H+ projectiles of 0.5 

- 3.5 MeV. In this experiment, the forward-emitted SE's have been measured in coincidence 

with foil-transmitted protons, irrespective of the projectile incident charge. The mean free 

path of the electron loss of H0 projectiles is sufficiently smaller than the thickness of the target 

foil used. Furthermore, the initial velocity vector of an electron lost, which we call "a loss 

electron", seems not to be altered significantly from that of the projectile by an electron loss 

collision. Therefore the observed SE emission for the H0 incidence can be regarded as the 

superposition of those by an ionized hydrogen, that is, a proton and a loss electron with 

almost the same velocity. By comparing with that for the H+ incidence, the probabilities of the 

simultaneous n-SE emission and the SE yields by a loss electron have been evaluated. At the 

higher energies of 2.5 - 3.5 MeV, the obtained emission probabilities and the SE yields 

induced by a loss electron are slightly larger than the corresponding ones by a proton of the 

same velocity. Furthermore, the material parameter, the ratio of the SE yields to the stopping 

power, for the loss electron is found to be almost constant at this velocity region. On the other 

hand, the forward SE yields by a loss electron are getting smaller than those by a 

corresponding proton with decreasing the incident energy. The observed trends are 

qualitatively consistent with the angular straggling and the range-energy relation of electrons 

in carbon[1].  

 
[1] H. Iskef, J.W. Cunningham and D.E. Watt, Phys. Med. Biol. 28 (1983) 535. 
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Kinetic electron emission (KEE) from metals induced by the impact of ions, i.e. the 

emission of electrons at the expense of the kinetic energy of the incoming projectile has been 

intensively investigated, but, despite a considerably effort, the basic mechanism of KEE has 

not been identified in most cases, particularly not at low impact energies. At higher impact 

energies basic mechanisms of KEE are electron excitation in binary projectile-electron 

collisions and electron promotion in close atomic collision. Both these mechanisms are 

subjected to a threshold projectile energy, i.e. energy below which their contribution to the 

electron emission decrease rapidly. At low impact energy the leading contribution to the 

electron emission is due to the mechanism of potential electron emission (PEE), i.e. the 

emission at the expense of the potential energy carried by the ion [1]. In the case of alkali 

ions, however, PEE can be excluded because of their low ionization energy. Nevertheless 

experiments show that the electron emission is still present below the KEE threshold and 

when the PEE can be excluded. In this sub-threshold energy regime a promising model is the 

hot-spot model, proposed by Sroubek and co-workers [2]. In this model the electron emission 

is due to some kind of frictional force exerted to the moving ion by the electron gas.  

In this work we present an attempt to relate the energy lost by the moving ion in the 

solid and the electron yield. The system under study is Na+ impinging on Au surfaces. When 

the ion impinges upon the metal surface an atomic cascade is induced in the solid. Every 

moving atom can be supposed to lose part of its kinetic energy via the interaction with the 

valence electron of the solid. This interaction can be described by the Lindhard and Sharff 

theory [3] and the energy loss of the moving atoms can be calculated thereof. However in this 

context it is necessary to know the trajectories of all moving atoms. This can be done using 

Molecular Dynamics (MD) simulations.  

The obtained results are compared with the experimental measures. 

 
[1] R. A. Baragiola, Nucl. Instr. and Meth. B, 78 (1993) 223 
[2] Z. Sroubek, X. Chen, and J. A. Yarmoff, Phys. Rev. B, 73(2006) 045427 
[3] J. Lindhard and M. Scharff, Phys. Rev., 124 (1961) 128 
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The origin of vicinage effect on secondary-electron emission induced by swift cluster 

ions is still an unresolved question although many studies have been made. It has been 

pointed out that the mechanism of the effect is mainly due to disturbance of transport process 

of electrons by the electric potential induced by fragment ions [1]. Under this mechanism, it is 

expected that the induced potential can affect the transport process strongly depending on the 

trajectory of a fragment ion relative to those of the others. In this study, we have measured the 

dependence of the vicinage effect on the orientation of the molecular axis of a C2
+ ion by the 

simultaneous measurement of secondary-electron yield and Coulomb explosion imaging. 

250-keV/u C+ and C2
+ ions were incident on self-supporting amorphous carbon foils of 1.4, 

2.8, 14.1 µg/cm2 (70-700 Å). The secondary electrons emitted in forward and backward 

directions were detected simultaneously by two micro-channel-plate (MCP) detectors. 

Fragment ions with different charge states transmitted through a foil were separated by 

electrostatic deflection plates, and detected as luminous points by an MCP detector equipped 

with a fluorescent screen. The orientation of the line connecting two fragment ions to the 

beam axis was derived from the relative positions of the two luminous points. 

For a pair of outgoing C3+- C3+ ions from the thinnest foil, the secondary-electron 

yield in the forward direction was larger when the molecular axis was parallel to the beam 

axis than when it was perpendicular. No orientation dependence was observed for the other 

thicker foils, which indicates the dependence vanishes at the internuclear distance between the 

fragment ions of ~1.5 Å, whereas the vicinage effect in the transport process has been 

observed even for the internuclear distance of ~70 Å [2]. Therefore, the present result 

indicates that there is little effect of the orientation on the transport process, and the 

orientation dependence observed in the forward direction for the thinnest foil could be 

attributed to the production process of electrons. 

 
[1] H. Arai et al, J. Phys. Soc. Jpn., 78, No. 10 (2009) 104301. 
[2] Y. Takahashi et al, Europhys. Lett. 88 (2009) 63001. 
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We summarized our studies motivated by controversy concerning the origin of alkali 

metal vapor in the atmospheres of Mercury and the Moon, as well as in the atmosphere of the 

Jovian satellite Europa. Experiments, performed under ultra-high vacuum conditions, include 

photon stimulated desorption (PSD), electron stimulated desorption (ESD), and ion sputtering 

of Na atoms from the surface of a lunar basalt sample [1], PSD and ESD of Na, K and Ba 

from amorphous SiO2 films as a model surface [2,3], as well as PSD and ESD of atomic K [4] 

and Na deposited on the surface of thin water ice films. The yield of desorbing neutrals and 

their velocity distributions are presented as a function of such parameters as the energy of 

bombarding electrons and photons, the surface concentration and temperature.  We interpret 

the PSD and ESD data on the basis of charge-transfer excitations from the substrate to the 

unoccupied alkali ion orbital, so that adsorbed ion is neutralized and desorbs. The detector for 

neutral Na, K and Ba atoms is based on surface ionization of neutrals on hot (~1600 K) Ir 

ribbons.  The ions that desorb from the Ir ribbons are readily detected using a channeltron 

multiplier. The PSD process is found to be important in production of the lunar Na 

atmosphere. In the case of Mercury, both PSD and thermal desorption of Na are shown to 

contribute to the Na atmosphere.  

 
[1] B.V. Yakshinskiy, T.E. Madey, Icarus 168 (2004) 53. 
[2] B.V. Yakshinskiy, T.E. Madey, Surf. Sci. 593 (2005) 202. 
[3] B.V. Yakshinskiy, T.E. Madey, Nature 400 (1999) 642. 
[4] B.V. Yakshinskiy, T.E. Madey, J. Geoph. Res. 106(E12) (2001) 33,303. 
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When a multiply charged ion with charge Z approaches the metal surface, a dipole is 

formed by the multiply charged ion and the charge induced in the metal. Behavior of the 

states for such a dipole could be calculated numerically exactly as a function of ion-surface 

distance R [1]. All dipole states are promoted into continuum with decreasing R. The field of 

incoming ion influences also the states of the atom situated nearby and induces their Stark 

splitting. The promoted dipole states cross the states formed by surface atom at intermediate 

values of R (see fig.). Landau-Zener transitions at crossing points give rise to processes of 

selective electron capture at very deep bound states. This model explains the fact of the 

electron capture at states with principal quantum numbers n = 2,3 of the incoming ion that 

was observed experimentally. 

Certainly, the dipole 

approximation is valid only for 

large internuclear distances. For 

smaller distances, the effect of  

the crystal field must be taken 

into account. The negative 

charge induced in the metal is a 

cloud of electrons. This cloud 

changes its dimensions 

depending on the internuclear 

distance and is shifted into 

vacuum. Therefore, the 

replacement of this cloud by a point charge is also an approximation. But the model proposed 

reflects the basic behavior of states in the system under consideration. 
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[1] Komarov I.V. et al. // Sheroidal and Coulomb-speroidal Functions, Moscow, Nauka,  1976. 
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When multiply charged ion approaches the metal surface, a strong electric field occurs 

due to interaction between the ion and the charge induced in the metal.  During ion-surface 

scattering, double excited autoionizing states could be formed and their decay occurs in the 

presence of strong electric field.  

The Auger transition rates in the presence of the electric field can be calculated using 

magnitudes of Auger transitions for spherical states: W (j,j`->j``ε)= Σl,l2,l3,l4 |(f1(n1l,n2l2-> 

n3l3,εl4) +(-1)S  f2(n2l2,n1l -> n3l3,εl4)) Cjl Cj`l2С*
j”l3|2 where  f1 and f2 are the magnitudes for 

direct and exchange transitions, S is the total spin of electrons, Cj,lm  are expansion coefficients 

of the wave function in spherical functions which could be found from equation set ([1] §39): 

Cj,lm Ej= Σl`m`≠lm  Cj,l`m` <lm|eЄrcos(θ)|l`m`>, here r, θ are the electron coordinates, e is the 

electron charge, Є is the electric field. The summing is performed for all possible states of the 

escaped electron. In addition, the presence of two K-shells (in our case) is taken into account. 

The wave function for the escaped electron was taken from [1], §36.   

The main results of calculations are as follows. First, in the presence of electric field, 

electrons are predominantly situated in the hemisphere located on one side of the plane 

parallel to the metal surface and passing through nucleus of multiply charged ion. This causes 

a stronger overlap of the interacting wave functions and increases the Auger rates. Second, 

strong mixing of states with different spherical numbers by the electric field gives an effect 

that transition rates for almost all states are the of the same order of magnitude as those for 

dominant transition.  

For С4+ ion and n=4, the Stark splitting exceeds the exchange splitting for internuclear 

distances R< 20 at.u. The flight time for this distance is 2·10-14 s for 1 keV ions. The 

calculated Auger decay times are of the same order of magnitude; therefore, cascade 

contribution to the population of the lower bound state with n=2, 3 must be taken into 

account. 

 
[1] Landau L.D., Lifshits E.M.//Quantum mechanics, Moscow, Nauka, 1974. 
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 The stopping powers of aluminum foils for H+ and He+ ions have been measured over 

the energy range keV/amu with an overall relative uncertainty of less than 1% using the 

particle transmission method. To avoid discrepancies on  data due to target surface non-

uniformity effects, both the H+ and He+ measurements have been carried out under the same 

experimental conditions. The obtained data are compared to previous experimental data 

from the literature and to values derived by the SRIM-2008 code or compiled in the ICRU-49 

report. Besides, they were analyzed within the modified Bethe-Bloch stopping theory to 

determine the target mean ionization potential, , and the Barkas effect parameter, . 

Inferred sets of values for the H+ and He+ projectiles, respectively, are:  eV, 

 and  eV, . As expected, the  stopping parameters exhibit 

opposite variations as the projectile atomic number, , increases, similarly as we have 

observed previously in [1,2] for Ni and Ag stopping targets. Such consistent trends can be 

ascribed to the projectile electronic structure effects that likely give rise to more noticeable 

energy loss channels (projectile excitation, electron capture and loss processes, charge state 

fluctuations) for heavier ions than for light ones. 

 
[1]  S. Damache et al., Nucl. Instrum. Methods Phys. Res., sect. B 249 (2006) 22. 
[2]  D. Moussa et al., Nucl. Instrum. and Meth. B (2010), doi: 10.1016/j.nimb.2010.02.067 
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 The energy loss straggling of 0.32 – 2 MeV/u protons and alpha particles across a thin 

polyvinyl formal film have been measured with relative uncertainties of less than 12% and 

7%, respectively. The experimental data are compared to collision energy loss straggling 

derived from classical theories assuming Bragg’s additivity rule for compound materials. As 

expected, the data for protons appear to be consistent with Bohr collision straggling within the 

high velocity region explored while they show an increasing deviation from Bohr’r theory at 

low velocities presumably due to complex stopping processes involved in this region, such as 

electronic orbital motion and Barkas-Andersen effect. As for the alpha particle data, they 

exhibit a pronounced departure from Bohr’s collision straggling over the whole investigated 

energy range, lying also well above Bethe-Livingston theory predictions due to charge 

exchange straggling.  
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It is known that an index mismatch between silicon and silicon oxynitride allowed for 

ultra-tight confinement of the optical field for the purpose of guided optics (see, for example, 

[1,2]). The newest idea of microphotonics, i.e. a superposition of a dielectric strip waveguide 

with photonic crystals, can be readily implemented in practice using Si or SOI platforms. 

Properties of such integrated planar systems can be locally modified using the ion 

implantation technique; in particular, periodically arranged, local regions of silicon oxynitride 

can be created in the silicon layer of SOI structure. These local regions (for example, columns 

of different cross sections penetrating the silicon layer) will produce a dielectric contrast, so 

that the silicon layer will be able to function as photonic crystal.  

A discussion will serve as an introduction to this report of our experimental results on 

buried silicon oxide layer formation in silicon precoated with thick oxide layer as well as 

periodic dielectric contrast formation in silicon samples irradiated by oxygen ions with 

substoichiometric dose. We emphasize an important role of the silicon surface as a drain for 

implanted atoms at an ion (oxygen and nitrogen) acceleration energy less than 120 keV as 

well as a possibility of a decrease in the implanted ions dose upon silicon irradiation through a 

silicon oxide layer. 

The main part of the currently presented report is devoted to a model of simultaneous 

growth of shallow buried and surface new phase layers in silicon during postimplantation 

annealing. Solids subjected to the bombardment by energetic reactive ions are considered as a 

spatially inhomogeneous solid solution with new phase inclusions. The inclusions are formed 

at the irradiation stage and function at the elevated temperature as a spatially distributed sink 

for the solute. An analytical "diffusion -- sink" Cauchy problem [3] is generalized to describe 

the decay of the solid solution with simultaneous growth of the new phase flat layer at the 

outer sample surface when the new phase growth is controlled by interface kinetics.  

 
[1] A. Sayah, Y.I. Nissini, J. Non-Cryst. Solids 187 (1995) 473. 
[2] A. Hatzopoulos, D. I. Siapkas, P. L. F. Hemment, et al., J. Appl. Phys. 80 (1996) 4960. 
[3] M.Yu.Barabanenkov, J.Appl.Phys. 78(1995) 2333. 
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Formation of complex clusters following ion–surface impact constitutes an intriguing 

approach for generating unique and sometime new composite materials. Most interesting but 

rarely explored is the application of large polyatomic projectile ions where highly efficient 

mixing between the shattered collider and target atoms occurs on a sub-psec time scale. In this 

work we study reactive pick-up scattering using intense C60
- ion beam for the impact synthesis 

of unique carbidic clusters.  

Carbides of the less reactive late transition metals, with focus on gold carbides, are 

interesting due to possible unique types of bonding, distinct from these of the early transition 

metals. Very little is known about their structural and physical properties. Here we report the 

formation of positively and negatively charged gold carbide cluster ions, AunCm
+ (n=1-5, 

1≤m≤12) and AunCm
- (n=1-5, 1≤m≤10) following the impact of C60

- ions on clean gold 

surface at kinetic energies of 1-14 keV. We describe the novel fullerene source and show that 

the experimental conditions correspond to a single collision induced event (impact shattering 

of the C60
- / carbide formation / ion emission) The most abundant cationic and anionic gold 

species were found to be Au2C2
+, Au3C2

+ and AuC2
- correspondingly. The AuCm

- (m=1-10) 

sequence showed pronounced odd/even intensity alternations in ion signal intensities with 

preference for even m, in line with that of the corresponding Cm
- ions, while the AuCm

+ (m=1-

10) sequence demonstrated opposite parity alternations. Density Functional Theory (DFT) 

calculations were carried out for the AuCm
+ (m=1-7) and Au2Cm

+ (m=1-6) series and the 

Au3C2
+ specie. The most stable configuration of the AunCm

+ (n=1,2) clusters was found to be 

that of linear carbon chains end capped with one or two gold atoms. The poly - 

cumulenic/acetylenic nature of the bonding in these rod-like molecular wires is discussed. 

In summary, we show that impact synthesis using polyatomic / clusters ion beams can 

provide a route for novel chemical processes resulting in the formation of unique, metastable 

species. 
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Electron excited luminescence is one of the important techniques for optical 

characterization of semiconductors. It has been utilized in the past to probe variation in the 

optical properties of ion implanted semiconductors down to nano-scale. In the present work 

we investigate the electron induced luminescence at room temperature from GaN layers 

grown by two different techniques. We discuss the optical properties of GaN layers grown by 

hydride vapor phase epitaxy (HVPE) and metal organic chemical vapor deposition (MOCVD) 

and compare their optical properties. Typically these layers are few microns in thickness on c-

plane sapphire substrate. The near band edge (NBE) and yellow luminescence (YL) from both 

the samples was almost at the same energy however the intensities were quite different. The 

intensity ration of NBE to the YL is typically compared to qualitatively predict the layer 

quality. In the present work we report that the luminescence intensities will depend on various 

experimenting conditions during electron excitation. It will be difficult to asses the quality 

based on the intensity ratios without any reference sample. These analyses are more specific 

to GaN and have to be tested for other relevant materials. 
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Semiconductor nanostructures are building blocks for various opto-electronic and 

nano-electronic devices. Nitride based compound semiconductors have been attractive in the 

recent past due to their superior optical properties over a wide range of wavelengths. On the 

other hand ion beam processing is a proven technology in the semiconductor industry for 

more than five decades now. Focused ion beam (FIB) has given additional degree of freedom 

and control for high spatial selectivity. In the present work we utilize FIB for patterning and 

subsequently attempt growth of semiconductor nanostructures on patterned substrates. We 

also present the optical properties of these nanostructures based on luminescence 

measurements. 
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The creation of surface nanostructures in BaF2 (111) surfaces was studied after 

irradiation with slow highly charged Xe ions from the Dresden-EBIT (Electron Beam Ion 

Trap). After irradiation, the crystals were investigated by scanning force microscopy (SFM). 

Using specific ion parameters, the topographic images show nanohillocks emerging from the 

surface [1]. Additionally, we used the technique of selective chemical etching to reveal the 

lattice damage created by ion energy deposition below and above threshold needed for surface 

hillocks formation. The role of both potential and kinetic energy as well as a comparison with 

results for swift heavy ion irradiations of BaF2 single crystals are presented [2]. 

 
The work is supported by Alexander von Humboldt Foundation and the European project ITS LEIF (No. 
RII3/026015) JRA6. 
 
[1] A.S. El-Said R. Heller, W. Meissl, R. Ritter, S. Facsko, C. Lemell, B. Solleder, I.Gebeshuber, G. Betz, M. 

Toulemonde, W. Möller, J. Burgdörfer, F. Aumayr,, Phys. Rev. Lett. 100, (2008) 237601. 
[2] A.S. El-Said, M. Cranney, N. Ishikawa, A. Iwase, R. Neumann, K. Schwartz, M. Toulemonde, C. 

Trautmann, Nucl. Instrum. Meth. Phys. Res. B 256, (2004) 313. 
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Developments of in-air-analysis methods with MeV ion beam have received 

increasing attention in various fields such as biology, nano-technology and archaeology. 

Recently a technique to extract ion beam in air by a tapered glass capillary (GC) has been 

developed by Nebiki et al and they have performed in-air-PIXE (Particle Induced X-ray 

Emission) for the sea sludge[1]. Since this technique was simple and effective to obtain a 

micro beam, this technique becomes to be used in various laboratories. We have also 

developed the technique to extract ion beam to the air by a metal capillary[2]. 

To analyze the sample described above in our university, we have developed the 

two-dimensional mapping technique with in-air-PIXE (2D-PIXE) by the metal capillary. Here, 

we have used a conventional injection needle with a 200 µm inside diameter as the metal 

capillary and used 3 MeV proton beam instead of conventional He ions since the energy loss 

of protons in air is much smaller than that of He ions.  

We have performed the 2D-PIXE for magnetic ink including a lot of elements such as 

Mn, Fe, Co and Ni. As a result, the inked character on the paper was able to be restored by the 

2D-PIXE. This indicates that the 2D-PIXE may be useful to reintegrate the unreadable 

character on the archaeology wood strip in the future. 

The detailed discussions will be presented at the conference. 

 
[1] T. Nebiki, M. H. Kabir and T. Narusawa, Nucl. Instr. and Meth. B 249 (2006) 226. 
[2] K. Ishii, N. Fujita and H. Ogawa, Nucl. Instr. and Meth. B, to be published. 
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It is well known that the RBS (Rutherford Backscattering Spectroscopy) is an 

analytical technique which is able to determine depth profiles of the surface area of the target. 

Although conventional RBS analyzes specimen in vacuum chamber, we have developed an 

in-air RBS with metal capillary. The metal capillary is the one of the extraction method of ion 

beam with MeV energies in air [1]. Experimentally, we used 3 MeV proton beam and the 

metal capillary with 200 um inlet diameter. We detected reflected protons by the specimen in 

air by using a surface barrier detector. 

In order to demonstrate the in-air RBS, we have performed thickness measurement for 

Au foils which have several thicknesses. As a result, we have obtained RBS spectra 

corresponding to the thickness of each foil. Taking kinematic factors and energy losses of 

protons in air into account, we have reproduced experimental results by the simulations. This 

indicates that in-air RBS can be also useful to determine the depth profiles of the specimen in 

air. Additional results and discussion will be presented during the conference. 

 
This research was partly supported by Grant-in-Aid for Young Scientists (B) No. 19740247 from the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT), JAPAN 
 
[1] K. Ishii, N. Fujita and H. Ogawa, Nucl. Inst. Meth B., to be published. 
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We present experimental studies of the transmission of Ar
8+

 ions through a  single 

tapered glass capillary with an inlet diameter of 1 mm, an outlet diameter of 0.15 mm and a 

length of 45 mm. We measured the profile width of the transmitted ion beam using a position 

sensitive detector and the guiding power of the used glass capillary at a kinetic energy in the 

range of 8keV up to 60keV. The charge up of the capillary and the evolution of the guiding 

effect is shown for a tilt angle of Ψ=4°. 

The charge up of the inner walls of the tapered glass capillary effects a compression of 

the incident ion beam by a factor of 8. In comparison to the transmission of highly charged 

ions through nanocapillaries in thin foils a higher guiding power and a smaller transmission 

profile was measured. A suppression of the transmission at small tilt angles and low kinetic 

energies, as it is shown in figure 1, was observed. 

Figure1: The transmission of Ar
8+
 ions with a kinetic energy of 24keV in dependence on 

the tilt angle is shown. As you can see, the transmission is suppressed at small tilt angles. 

This is caused by the potential barrier of the charged inner walls of the tapered capillary. 
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We present an actual status report of the EBIS/ EBIT ion source family development 

of the TU Dresden and the Dreebit GmbH. Furthermore, a FIB solution for sub-micrometer 

beams of noble gas ions and various species of highly charged ions has been developed and 

put into operation. At the FIB setup a TOF-SIMS is attached to investigate the interaction of 

highly charged ions with solid surfaces and to analyze the elemental composition and 

chemical structure of the uppermost atomic or molecular layer of a solid . Highly charged ions 

deposit their potential energy within the first few atomic layers enabling an extremely 

sensitive surface analysis without damages in lower lying atomic layers. First results of the 

FIB and TOF-SIMS measurements with highly charged ions are presented. 
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Poly(3-methyl thiophene) has been synthesized by chemical oxidation polymerization 

method. The powder has been dissolved in chloroform (CHCl3) and thin films of thickness 

2µm are prepared on glass and Si substrates. The polymerization has been confirmed by FTIR 

spectrum. The films are irradiated by 60 MeV C5+ ions at different fluences as 3.3x1010, 1011, 

3.3x1011, 1012 and 3.3x1012 ions/cm2 and modifications in optical, electrical and structural 

properties are studied. FTIR spectra show methyl group evolution after irradiation. The 

optical band gap decreases slightly after irradiation and dc conductivity increases one order of 

magnitude after irradiation at highest fluence. The conduction mechanism has been found 

mainly by band conduction. 
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Perovskite type (ABO3) oxide crystals are used as substrates for epitaxial growth of 

complex oxide films as high temperature superconductors, ferroelectric, dielectric and 

colossal magneto-resistive materials.  It is known that, depending on the surface termination 

of the substrate, e.g. the electrical properties at the interface of heterostructures can differ. 

Therefore surfaces of substrates with defined surface terminations are of great interest. 

Auger electron spectroscopy using excitation via grazing impact of protons was 

applied to determine the elemental composition of the topmost layer of NdGaO3(110) and 

DyScO3(110) surfaces. The preparation conditions of vicinal NdGaO3 and DyScO3 substrates 

were optimized with respect to annealing temperature, time, and gas atmosphere. Well 

prepared surfaces show regularly arranged, smooth terraces with double-layer steps as 

observed by atomic force microscopy. The surfaces of NdGaO3(110) were always NdO 

terminated with a small amount of Ga (2-4%) atoms at the surface [1]. A Ga and O depletion 

layer with a thickness of about 4 nm was detected at optimized preparation conditions. 

DyScO3(110) substrates show a dependence of the termination on the annealing gas. A ScO2 

terminated surface was prepared via annealing in argon while a DyO-Termination was found 

for annealing in oxygen [2]. 

 
[1] R. Dirsyte, J. Schwarzkopf, G. Wagner, J. Lienemann, M. Busch, H. Winter and R. Fornari, Appl. Surf. Sci. 

255, 8685 (2009) 
[2] R. Dirsyte, J. Schwarzkopf, G. Wagner, R. Fornari, J. Lienemann, M. Busch and H. Winter, Surf. Sci. Lett., 

submitted 
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We report here loss of H monitored by on-line elastic recoil detection analysis 

(ERDA) technique from passivated Hg1-xCdxTe (MCT) wafers due to irradiation by 80 MeV 

Ni9+, 120 MeV Au15+ and 200 MeV Ag10+. The loss of H is more in case of the wafer 

irradiated by Ag ions as compared to other two because of higher electronic energy loss (Se). 

For same Se value, H loss is more in case of the wafer having x = 0.29 as compared to the one 

having x = 0.204. This is due to higher band gap of the former as compared to the later, which 

is an important data for proper use of these materials as IR detector in  intense radiation zone. 

These results are explained on the basis of thermal spike model of ion-solid interaction.  

 
* Corresponding Author:  Tel:+91-40-23010181,   Fax: +91-40 23010181 / 23010227  
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Cluster ion implantation is promising technique for modification of shallow surface 

layers. In particular, high density of energy transferred to the target on cluster impact can 

cause phase transitions on nanoscale [1, 2] that can be utilized for practical applications. The 

goal of the present work is to study cluster impact effects on diamond which is, on the one 

hand, known to be very hard material (which is difficult to modify) but, on the other hand, it 

is very attractive for electronics due to unique set of properties.  

The mechanically cleaved (111) synthetic diamond plates were implanted by 4-15 keV 

Arn
+ cluster ions at room temperature using facilities PUCLUS and CIDA [3]. The cluster-

bombarded surfaces were studied using AFM in tapping mode. It is found that with the 

increase of implantation energy above certain threshold, the cluster impacts lead to 

modification of the surface on nanoscale which is seen as very small craters or hillocks (5-10 

nm in diameter). Energetic clusters introduce significant radiation damage that causes local 

conversions of diamond into amorphous carbon or graphite-like phase. These nanoscale areas 

can be etched either by the high-temperature heating of the samples in ambient atmosphere or 

by the chemical treatment in KNO3 solution followed by the annealing. Such etching leads to 

the formation of triangular in shape pits (due to the crystallographic orientation of surface) at 

the impact spots. Qualitative picture of the diamond transformation and development of 

radiation cascades depending on the cluster impact energy is discussed in this report. 

 
[1] V.N. Popok and E.E.B. Campbell, Rev. Adv. Mater. Sci. 11 (2006) 19. 
[2] A. Dunlop, G. Jaskierowicz, P.M. Ossi, S. Della-Negra, Phys. Rev. B 76 (2007) 155403. 
[3] V. N. Popok, S.V. Prasalovich, M. Samuelsson, E. E. B. Campbell. Rev. Sci. Instrum. 73 (2002) 4283. 
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In recent years, the interest in exploiting slow (eV – keV) highly charged ions (HCI) 

as a gentle tool for nanostructuring has steadily increased because modifications can be 

limited to the topmost surface layers. This is primarily due to the shallow energy deposition as 

opposed to the case of swift ion irradiation which causes severe structural modifications also 

in the bulk (for a recent review see ref. [1]). 

Among the materials susceptible to slow HCI induced surface modifications, HOPG 

has been subject to a multitude of studies. Scanning tunneling microscopy (STM) identifies 

the ion impact sites as hillocks with diameters in the nm range and heights in the tenth of nm 

range, both of which increase with higher charge states [1, 2]. With the exception of one case 

[3] for a very high charge state, however, these defects could not be imaged by atomic force 

microscopy (AFM). Researchers have therefore ascribed the appearance of defects in STM to 

an enhancement of the local density of states caused by interstitial and vacancy defects rather 

than a topographic surface modification. 

In our studies we find nanostructures for all combinations of charge states (Arq+, q = 9 

- 16 and Xeq+, q = 13 - 30) and kinetic energies (150 - 480 keV) when the AFM is operated in 

lateral force mode. The impact sites can therefore be interpreted as regions of enhanced 

friction while there is still no indication for a topographic surface modification, at least for the 

investigated charge state regime. Employing a wedge calibration method for AFM cantilevers 

[4], we have quantitatively determined the microscopic friction force coefficient at the ion 

impact sites in dependence of ion charge state. First results indicate a clear size increase with 

higher charge states.  

 
[1]  F. Aumayr, A. S. El-Said and W. Meissl, Nucl. Instrum. Meth B 266, 2729 (2008). 
[2]  I. C. Gebeshuber et al., Int. Jour. Mass Spect. 229, 27 (2003). 
[3]  M. Terada et al., Nucl. Instrum. Meth. B 235, 452 (2005). 
[4] M. Varenberg, I. Etsion and G. Halperin, Rev. Sci. Instrum. 74, 3362 (2003). 



Th-P-28 

Nanostructuring of GaSb(001) surface by low-energy ion irradiation 

 

S. R. Saeed*, S. Yadav, F. Krok, M. Goryl, J. Budzioch and M. Szymonski 

Research Center for Nanometer-Scale and Advanced Materials (NANOSAM), 
Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, 

ul. Reymonta 4,30-059 Krakow, Poland 

 

Structural modification of GaSb(001) surfaces induced by 2 ÷ 4.5 keV Ar ion beam 

irradiation has been investigated by means of atomic force microscopy (AFM). Depending on 

the ion beam parameters, i.e. the ion incidence angle, energy, flux and fluence, a variety of 

nanostructure patterns with narrow size distribution can be developed on the irradiated 

surfaces. Particularly, for the ion incidence angles close to the surface normal nanodots are 

formed, whereas remarkably ordered ripple structures develop for the incidence angles above 

60o. The wave vector of the ripple pattern is oriented perpendicular to the direction of the ion 

beam projection on the surface. The degree of ordering of the ripples is increasing with 

sputtering time and the ion incidence angle. It has been also found, that the surface roughness, 

in terms of RMS, is initially a decreasing function of the ion fluence, but above  1×1016 

ions⁄cm2 it is increasing with the irradiation time. The results are discussed in terms of 

ballistic processes of sputtering and existing theories for surface modification by ion beams.  

 
* On leave from Department of Physics, Sulaimani University, City center 205, Kani-Askan 3, Sulaimani, 

Kurdistan region, Iraq 
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The paper investigates the processes initiated by irradiation with the ions of deuterium 

(D) plasma in hydrocarbon films (ratio H:C ≈ 0.2, the thickness ≈ 2.5 µm) deposited by 

PCVD technique.  

The irradiated samples had been subjected to sputtering in argon plasma up to 

different depths in the range of 20-900 nm. Then D- and H atom contents in remaining part of 

the films were measured by thermal desorptional spectrometry (TDS), and their distributions 

in the layers influenced by ion irradiation were calculated. Energies of 50eV and 400 eV were 

selected for irradiating D ions. Ion flux and fluence equaled 1015 cm2·s−1 and 5·1019 cm2 

respectively. Argon ions with energy 300 eV were used. Substrate temperature maintained at 

500 K. 

Experimental results showed that implanting D ions penetrated into and H atoms were 

removed from the layers much thicker than the ion stopping zone. As this took place D 

retention did not compensate H diminution. Decrease of H concentration in the layer of the 

order of stopping zone was stronger, when 50 eV/D ions were used.   

D atom diffusion in the C:H structures was found to be much faster than in dense 

graphites. At the same time ion induced defects, penetrating into the bulk from the stopping 

zone seemed to slow down D diffusion. Calculations gave the value of diffusion coefficient 

3·10−14 cm2·s−1 for the depth interval 0 - 200 nm, and 2·1013 cm2·s−1 for interval 200 - 900 nm, 

where defect concentration was expected to be smaller. (The maximum value of diffusion 

coefficients for dense graphites at 500 K were found to be 10−15 - 10−17 cm2·s−1 [1]). 

Conclusion is made that radiation defects rather than isotope exchange processes were 

the courses of destruction of the traps, liberation of H atoms and their release from the both 

from stopping zone and from underneath layers. At the same time, one can believe that 

radiation defects hampered moving of H atoms towards the sputtering surface. Thus, H atom 

concentration in the near surface region remained higher during 400 eV ion irradiation, than 

that of 50 eV ion irradiation. 

 
[1] H. Atsumi. Hydrogen bulk retention in graphite and kinetics of diffusion. J. of Nucl. Mater. 2002. V. 307–

311. P. 1466. 
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Polytetrafluoroethylene (PTFE), Low Density Polyethylene (LDPE) and Polypyrrole 

(PPY) films were irradiated under vacuum and at room temperature with 80 MeV N6+ ions at 

different fluences. Ion induced modifications in structural properties were studied by means 

X-ray diffractometer (XRD). The crystallite size of PTFE decreased by almost 26% at the 

highest fluence of 1x1013 ions/cm2. The diffraction pattern of LDPE revealed decrease in the 

crystallite size with increasing ion fluence. It showed a decrease of 78% from its initial value 

at a fluence of 2x1013 ions/cm2.The crystallinity of PPY increased  at lower fluences while it 

decreased as the ion fluence was increased. 

mailto:rajeshkumaripu@gmail.com
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We report on 100 MeV Au8+ ion induced formation of nanostructures on GaAs surface 

as a function of fluence and irradiation temperature. Nanostructured GaAs was studied by 

atomic force microscopy, glancing angle x-ray diffraction, micro-Raman spectroscopy and 

transmission electron microscopy. Ion induced formation of GaAs nanostructures have been 

observed at normal incident for a starting fluence of 5×1012ions cm-2, which becomes more 

prominent at the fluence of 5×1013 ions cm-2 and an angle perpendicular to the sample surface. 

Temperature dependent studies reveal that the features are more prominent for irradiations 

performed at low temperature (viz. 100 K) than those of room temperature. X-ray diffraction, 

micro-Raman and transmission electronic microscopic studies reveal that observed features 

are crystalline in nature. The evolution of ion beam induced aligned nanostructures is 

discussed in the framework of thermal spike model. 

 
*Corresponding Author 
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Recent experimental results [1] revealed that Fe contamination greatly affects rippling 

and surface morphology development in Si. This result motivated the otpimization of a new 

parameter set for FeSi using the bond order potential (BOP) of Albe et al. The parametrization 

procedure has been carried out with the PONTIFIX package of P. Erhart (Darmstadt) using an 

extended training set of polymorph structures of FeSi (dimer, CsCl (B1), NaCl (B2), ZnS 

(B3), L12a (Cu3Au), L12b (Au3Cu), eps-FeSi (B20)). The energetics of various structures 

determined by the ab initio DFT code SIESTA. The obtained parameter set (9 independent 

parameters) nicely reproduce the lattice constant, cohesive energy, melting point and Bulk 

modulus of the most stable phase of B20 FeSi.  

Recently we have shown that rippling can be simulated by classical molecular 

dynamics (MD) and the growth rate and the surface mean height development of preformed 

ripples are in reasonable agreement with experiment [2]. The new BOP potential of FeSi has 

been used than to simulate ion-induced rippling of Si with Fe contamination with classical 

molecular dynamics simulations (modified PARCAS code). A recently developed and lately 

modified c-shell script [2] is used to simulate low-energy ion-sputtering induced surface 

growth with Fe depositon (simulated ion-beam assisted deposition, SIBAD). The results 

suggest that the Fe contamination largely affects the surface properties of pure Si. Rippling 

can be understood as a reconstruction procedure of IBAD which is stimulated by Fe-

impurities. 

 
[1] S. Macko , F. Frost , B. Ziberi , D. F. Forster, T. Michely ,Nanotechnology 21, (2010) 085301. Is keV ion-

induced pattern formation on Si(001) caused by metal impurities? 
[2] P. Süle, K-H. Heinig, J. Chem. Phys., 131, (2009) 204704., The molecular dynamics simulation of ion-

induced ripple growth 
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In present light-water nuclear power plants, it is useful to dope some elements called 

burnable poisons, which have a high neutron absorption cross section, into enriched fission 

fuels (UO2) in order to control the initial reactivity of UO2 fuels. Actually, gadolinium trioxide 

(Gd2O3) has already been doped into UO2 as a burnable poison, and erbium trioxide (Er2O3) 

has been proposed as another one. During the operation of light-water power reactors, UO2 

fuels are exposed to irradiation with high energy fission products which have energies around 

100MeV. Therefore, it is important to study the effects of high energy fission products on UO2 

fuels doped with burnable poisons. 

For previous studies in irradiation effects on nuclear fuels[1], cerium dioxide (CeO2) 

has been used so far as a simulation material for UO2 because it has the same fluorite structure 

as that of UO2 and has the similar properties such as lattice constant and thermal conductivity 

to those of UO2. In this study, therefore, CeO2 pellets doped with Gd2O3 were irradiated with 

200MeV Xe14+ ions using a tandem accelerator at JAEA-Tokai to simulate the irradiation 

effects of high energy fission products on UO2 doped with Gd2O3. To estimate the effects of 

the Gd-doping and the ion irradiation, the X-ray diffraction (XRD) method, the X-ray 

absorption fine structure (XAFS) measurement, and the X-ray photoelectron spectroscopy 

(XPS) were used. The XRD spectra show that the lattice constant of CeO2 increases with 

increasing the amount of the Gd-doping. In addition, it also increases by the irradiation and 

the effect of the irradiation becomes more remarkable by doping Gd2O3. Results of XAFS and 

XPS will also be discussed in the conference. 

 
[1] M. Kinoshita, K. Yasunaga, T. Sonoda, A. Iwase, N. Ishikawa, M. Sataka, K. Yasuda, S. Matsumura, H.Y. 

Geng, T. Ichinomiya, Y. Chen, Y. Kaneta, M. Iwasawa, T. Ohnuma, Y. Nishiura, J. Nakamura, Hj. Matzke 
Nucl. Instr. Meth. B267 (2009) 960 



Th-P-34 

Model for the buildup of radiation damage in the crystal bulk of GaN 

 

A.I. Titov1, P.A. Karaseov1, A.Yu. Azarov2, A.Yu. Kataev1, and S.O. Kucheyev3

1State Polytechnical University, St. Petersburg 195251, Russia 
2Department of Physics, University of Oslo, PO Box 1048 Blindern, NO-0316 Oslo, Norway 

3Lawrence Livermore National Laboratory, Livermore, California 94551, U.S.A. 

 

It is well established that in GaN irradiated with ions depth profiles of lattice disorder 

are bimodal, with damage accumulating both in the crystal bulk and at the surface [1]. The 

near-surface damage buildup proceeds as layer-by-layer amorphization originating at the 

sample surface, while the position of the maximum of the bulk disorder profile starts at the 

position corresponding to the maximum of elastic energy losses and shifts deeper into the 

target with increasing ion dose. In addition, the relative concentration of stable damage in the 

bulk peak exhibits saturation at ~ 40−50%. Here, we develop a model that can explain such a 

behavior of the damage accumulation in the bulk for cases when the amorphous/crystalline 

interface is close to the region of primary mobile point defect generation. 

The starting assumption of our model is that the amorphous/crystalline interface is a 

strong sink for primary mobile point defects (PMPD) [2]. Thus, the concentration of PMPD is 

zero at the interface. With increasing ion dose, the interface moves deeper into the bulk, 

resulting in a shift of the position of the maximum of bulk damage to larger depths. For 

simplicity, the model considers only one type of PMPD and takes into account a very limited 

number of possible defect interaction processes: PMPD generation (modeled by the TRIM 

code), their diffusion and volume recombination at non-saturating and saturating sinks, and 

stable damage formation. The position of the amorphous/crystalline interface is taken from 

experimental data. Computer simulation based on these assumptions shows a good qualitative 

agreement with experimental results: a shift of the maximum of bulk disorder and its 

saturation as ion dose increases. 

 
Work in St. Petersburg was supported by RFBR (grant 09-08-92657). Work at LLNL was performed under the 
auspices of the U.S. DOE by LLNL under Contract DE-AC52-07NA27344. 
 

[1] S.O. Kucheyev, J.S. Williams, and S.J. Pearton, Mater. Sci. Eng. R 33, (2001) 51. 
[2] A.Yu. Azarov, A.I. Titov, and S.O. Kucheyev, In this book of abstracts of ICACS 24. 
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It is well known that diamond-like carbon (DLC) films have properties which are very 

attractive for many applications. However, the dependence of internal mechanical stress on 

the key parameters of film deposition remains not fully understood. In particular, our previous 

experiments have shown [1] that ion bombardment during deposition of DLC films strongly 

influences residual stresses. The properties of DLC films could also be controlled by ion 

irradiation after film deposition. The present work is devoted to a study of the influence of 

such post-deposition irradiation on mechanical stress in DLC films. 

DLC films were grown on crystalline Si substrates by PECVD. Stresses were 

calculated with the Stoney’s equation [2] based on interferometric measurements of the 

curvature of the Si substrate. Films of 0.2 µm thickness were implanted by 120 keV P+ and 

350 keV In+ ions. Films of 0.27 µm thickness were implanted by 200 keV P+ ions. TRIM 

code calculations showed that in these cases ion irradiation affects mostly the DLC film rather 

than the substrate. 

All films under consideration developed compressive stresses after deposition. The 

initial stress value σ0 was ~1 – 2 GPa. This value decreased with increasing ion dose and 

followed further by stress inversion to tensile and then by its saturation at a level 

corresponding to a total stress change of (σ – σ0) ≈ 2.5 GPa. All experimental dependencies of 

(σ – σ0) on normalized dose (DPA, which is an average number of atom displacements in the 

region of the maximum of elastic energy losses of ions) coincide well, within experimental 

errors.  Hence, stress change is influenced only by a total concentration of generated point 

defects, independent of the density of collision cascades and ion species. 

 
Work in St. Petersburg was supported by RFBR (grant 08-08-00948). 
 

[1] P.A. Karasev, O.A. Podsvirov, A.Ya. Vinogradov et al., Journal of Surface Investigation 3. (2009) 235. 
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Magnetite (Fe3O4) is a kind of typical soft magnetic ferrite material, with the excellent 

properties in resistivity, permeability and chemical stability [1]. Fe3O4 nanocrystal thin films 

with thickness of 1 µm were synthesized on glass substrates directly by electroless plating in 

aqueous solution at 90oC [2]. These films are of a single spinal phase with well-crystallized 

columnar grains growing perpendicularly to the substrates. Then, the ion irradiation 

experiment was performed using Kr26+ ions at energy of 2.03 GeV with different fluences on 

the HIRFL-SSC (IMP, Lanzhou). The structure and magnetic properties of samples were 

characterized by XRD, VSM, CEMS and SQUID, respectively. It was found that the initial 

crystallographic structure of the Fe3O4 remains unaffected after Kr26+ ions irradiation and the 

macroscopic magnetic properties of samples are sensitive to the high energy Kr-ion 

irradiation. As the irradiation fluence increases, the value of saturation magnetization Ms 

decreases firstly, and then increases until nearly restored. The rule of variation of coercive 

force Hc is opposite to Ms. And combined with the microscopic magnetic measurement results 

from CEMS, it can be confirmed that occupancy distribution of the metallic cations in Fe3O4 

thin films has changed significantly after the irradiation, which is likely to be one of the 

reasons for the declination of Ms. Possible mechanism of magnetic properties of Fe3O4 thin 

films under high energy Kr ion irradiations was discussed briefly.  

 
[1] M. T. Chang, L. J. Chou, C. H. Hsieh, Y. L. Chueh, Z. L. Wang, Adv. Mater. 19 (2007) 2290. 
[2] J. R. Sun, X. W. Wang, J. H. Liu, et al. Chin. Sci. Bull. 53 (2008) 321. 
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The FINEMET (FeCuNbSiB) alloy, in its amorphous and nanocrystalline states, has 

been the focus of many studies due to their extensive technological application [1]. In 

particular, the perspective of novel application of giant magnetoimpedance (GMI) effect in 

the field of magnetic sensors and magnetic recording in the high frequency range has been 

extensively supported in the last years’ research in soft magnetic materials [2]. 

Amorphous FeCuNbSiB alloy ribbons were prepared by melt spinning. The width and 

thickness of the ribbons were 10 mm and 25 µm, respectively. Then, the ion irradiation 

experiment was performed using Ar40+ ions at energy of 880.0 MeV with different fluences on 

the HIRFL-SSC (IMP, Lanzhou). The depth-profiles of the radiation damage were calculated 

by the SRIM2008 code. Applicability of transmission and conversion electron Mössbauer 

effect measurements to distinguish between the bulk and surface radiation damage is 

demonstrated by using different irradiation conditions, and ion irradiation introduces 

structural rearrangement which can also be revealed by Mössbauer spectrometry. The 

investigated alloy is characterized by ferromagnetic interactions. Changes in chemical 

short-range order (SRO) were reflected in isomer shift values whereas topological SRO 

modifications lead to changes in hyperfine magnetic fields as well as in the orientation of the 

net magnetization. Possible mechanism of magnetic moments orientations after the high 

energy Ar ion irradiation with different fluences was dicussed briefly. 

 
[1] Y. Yoshizawa, S. Oguma, K. Yamauchi, J. Appl. Phys. 64 (1988) 6044. 
[2] G. Herzer, IEEE Trans. Magn. 26 (1990) 1397. 
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Cluster emission processes at ion bombardment of solids attract many scientists due to 

their unique formation mechanisms. Recently it was shown that small clusters are 

predominantly emitted in the collisional phase of the sputter process (for times up to 1 ps) or 

due to fragmentation of large cluster while large clusters (with 10 or more atoms) are emitted 

well after the collision cascade is thermalized, and can be understood in terms of thermal and 

hydrodynamic processes [1]. 

In the present work the formation mechanisms of small clusters at grazing ion 

bombardment are studied. As numerous experimental studies show that cluster formation 

depends on some conditions: the energy and mass of the bombarding particles, surface 

structure and binding energy of substrate atoms. The idea of using grazing angle ion 

sputtering is to transfer the same energy to several neighbor atoms in order to eject them 

together. We have carried out theoretical studies, which are based on some possible models 

and mechanisms of cluster formation during ion sputtering of a solid surface. Due to the 

problems of analytical description of the cluster formation process a considerable attention 

has been devoted to computer simulation by classical molecular dynamics method.  

An interaction between atoms is described by well-defined embedded atom model. 

Calculations were performed for the cases of self sputtering as well as for the mixed 

combinations of Cu and Ag projectile-solid system. Internal and kinetic energy distributions 

as well as yields of particles emitted with different sizes are calculated. An influence of the 

initial energy varying from 0.5 to 5 keV and grazing angle (0-30o) of incident particles to the 

process of cluster formation are analyzed. 

On the basis of obtained results and performed analysis the nature of cluster formation 

during grazing ion sputtering of a solid surface is discussed.  

 
[1] G. Betz, W. Husinsky, Phil. Trans. R. Soc. Lond. A 362 (2004) 177. 
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 A TOF-ERDA measurement system has been developed for the analysis of light 

elements such as lithium, boron, carbon, nitrogen and oxygen. A He ion is used for the 

incident beam. By use of the He beam, a wide range of detectable depth and relatively good 

depth resolution can be achieved. The measurement system consists of a timing detector of 

the ion transmission type and a silicon surface-barrier detector (SSB). The timing detector 

involves a micro channel plate (MCP) detector, a thin carbon foil (3 µg/cm2 thickness) and an 

electrostatic mirror grid. The SSB is used for the timing measurement as well as the energy 

measurement. For evaluation of depth resolution of carbon, TOF-ERDA measurements of 

carbon coated Si wafer samples were performed using He beams with energies of 3.5, 5.7 and 

10.1 MeV. An energy broadening of recoil carbon was obtained by the measurement, and 

depth resolution was evaluated from the energy broadening. Depth resolution of 6.0 ± 1.6 nm 

was achieved in the case of incident energy of 3.5 MeV, incident angle of 30° and exit angle 

of 10°. This paper will show results of the measurement of depth resolution as well as details 

of the measurement system. Comparison between the measurement and calculation of depth 

resolution will also be presented. 
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Development of new electronic and optoelectronic devices, especially those involving 

semiconductor or metalic quantum dots [1] or e.g highly Al+ doped SiC layers requires high 

dose (1016-1017 ions/cm-2) implantations with ions of solids, both metalic and non-metalic. In 

order to cope with those demands, especially those concernig implantations with rare earths, 

the authors developed an innovative plasma ion source with an internal evaporator heated by 

arc discharge. This construction, described in details in [2], is suitable especially for high 

melting point feeding material – the source provides e.g 40 µA of Er+ and 60 µA of Al+. 

The novel ion source design presented in the paper is another solution with an internal 

evaporator (5) characterised by high efficiency, compact design and low energy consumption. 

The arc discharge burns between the front mount (2) of  the cathode (4) and a tip of a funnel-

shaped anode (3).  
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The proximity of the discharge area and extraction hole (6) and the shape of the anode 

enables production of intense ion currents, even if very low anode current (1 A) is maintained. 

The paper presents construction of the source and its characteristics for selected elements (Al, 

Mn, In, As and the like). 

 
[1] F. Komarov, L. Vlasukova et al. Nucl. Instr. And Meth. B 266 (2008) 3557 
[2] M Turek, S. Prucnal et al.  Rev. Sci. Instr. 80 (2009) 043304 



Th-P-41 

Low-Energy Cesium Ion Scattering from Ice Surfaces. Study of Proton Transfer 

and H/D Exchange Reactions 

 

E.-S. Moon, H. Kang 

Department of Chemistry, Seoul National University, Seoul 151-747, South Korea 
Email: jazz918@gmail.com 

 

Reactive ion scattering (RIS) experiments were performed with low kinetic energy (< 

35 eV) cesium ion beams to analyze the surface of water-ice films. Neutral molecules (X) on 

the surface were detected in the form of cesium-molecule ion clusters (CsX+). Ionic species 

on the surface were desorbed from the surface via a low energy sputtering (LES) process 

below the threshold energy of secondary ion emission.[1] The RIS and LES methods allowed 

us to study the H/D exchange reactions between H2O and D2O molecules on the surface and 

the associated proton transfer mechanisms. Specifically, H/D exchange kinetics was examined 

for D2O ice films (~10 BL) covered with a small amount of H2O (< 0.5 BL), in the presence 

or absence of HCl adsorbates which provided excess protons onto the surface.[2] 

 
[1] H. Kang, Accounts. Chem. Res. 38 (2005) 893. 
[2] E.-S. Moon, J. Yoon, and H. Kang, J. Chem. Phys. Submitted. 
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The sputtering of solids under ion bombardment is a subject of considerable interest 

both in fundamental research and ion-beam applications [1, 2]. Recently, we have studied [3] 

the sputtering of Bi thin films deposited by vacuum evaporation onto Si (100) substrates 

irradiated at normal incidence by 60-120 keV Ar+ ions, investigating their surface topography 

evolution by Rutherford backscattering spectrometry (RBS), scanning electron microscopy 

(SEM) and X-ray diffraction spectroscopy (XRD). In the current work, we report on a similar 

investigation of Bi/Si targets irradiated by 120 keV Ar+ ions over the range of incidence angle 

0° ≤ θi ≤ 60° using RBS, XRD and atomic force microscopy (AFM) techniques to study Bi 

surface state evolution. The RBS analysis shows an increasing erosion of the irradiated Bi 

film surface whose thickness reduced by ∼ 3 % at normal incidence up to ∼ 8 % at θi = 60° 

while the AFM and XRD treatments reveal that it suffered increasing smoothing with 

reducing grain sizing. The initially rough and polycrystalline un-irradiated sample surface was 

strongly smoothed evolving towards much smaller grains and granular structures separated by 

reduced surface voids, and oriented to the preferred (003) crystalline structure. The measured 

mean surface roughness reduced from ~ 33 nm down to ~ 12 nm upon irradiation at θi = 60°. 

The Measured sputtering yields versus θi with fixing ion fluence to ~ 1.5×1015 cm-2 within the 

sputter yield saturation regime are well described by Yamamura et al. semi-empirical formula 

[4] and Monte Carlo (MC) simulation using the SRIM-2008 computer code [5]. The observed 

increase in sputter yield versus incidence angle is closely correlated to Bi surface topography 

and crystalline structure changes under ion irradiation. 

 
[1] V. S. Smentkowski, Surf. Science, 64 (2000) 1. 
[2] R. Behrisch, W. Eckstein (Eds.), Appl. Phys. 110, (Spinger-Verlag, 2007). 
[3] S. Mammeri, S. Ouichaoui, H. Ammi and R. Zemih, Nucl. Instr. and Meth. B 268 (2010) 140. 
[4] Y. Yamamura, Radiat. Effects and Defects in Solids, 80 (1984) 57. 
[5] J.F. Ziegler, J.P. Biersack, U. Littmark, The stopping and range of ions in solids, Pergamon, New York, 

1985; TRIM/SRIM computer code, available at http://www.srim.org. 
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The collision and deposition of deuteron impact on metallic targets has been studied in 

this work by measuring the D-D fusion reaction. Deuteron beam in the energy region between 

10keV and 20keV has been used to bombard different metallic targets. The d-d reaction rate 

was monitored by measuring the charged particle spectrum. The spectrum shape is analyzed 

versus projectile energy and target material. A high energy shoulder in the proton peak has 

been observed and studied. It is considered to be protons from the d-d fusion induced by 

scattered protons. The yield of scattered proton is energy dependent and also strongly related 

to target materials. The ratio of proton to triton from d-d fusion is also obtained to analyzing 

the scattering effect corresponding to the reaction kinetics. The experimental data shows some 

difference from present theoretic model. While high Z targets are used in experiment, the 

difference of scattering yield is significant larger than the SRIM simulation. The change of 

d-d reaction rate versus bombarding dose is used to study the deposition of deuteron in targets. 

The depth-profile of deuterium in target is also studied by the d-d reaction. A simulation code 

is therefore developed to simulate the charged particle spectra, and the simulating results 

agree with the experimental spectrum well. A further study is undergoing in order to obtain 

the stopping power information, and the energy dependence of the nuclear stopping power in 

various targets will be also studied. 



Th-P-44 

Potential Sputtering of Highly Charged Ions on Copper and Tungsten Surface 

 

Tieshan Wang, Jingjie Ding, Rui Cheng, Haibo Peng 

School of Nuclear Science & Technology, Lanzhou University, 
Tianshuinan Road 222 , Lanzhou, 730000 China 

 

Interaction of highly charged ion (HCI) and solid surface is studied intensively in last 

decade, since the release of potential energy of HCI might cause extremely strong surface 

effect. The pioneers’ work are mostly focus on the interaction of HCI and isolators and 

semiconductors. Only limited work have been done on the HCI and metallic target interaction. 

In this work, the sputtering of Arq+(1≤q≤16) and Pbq+(4≤q≤36) on copper (Cu) and Tungsten 

(W) has been studied. The potential sputtering effect is observed in Pbq+ bombarding Cu and 

W experiment. The sputtering yield grows dramatically with the charge state q, while q≥24, 

but there is no obvious change, while q<24. Thus, q=24 seems to be a critics charge state for 

the potential effect. In the case of Arq+ impact, the sputtering yield seems independent from q 

value, it might due to the relative smaller potential energy (less than Pb24+). This phenomenon 

may be interpreted by the different HCI neutralization process. The HCI wiht lower charge 

state is fully neutralized before it reaches to target surface. The HCI will higher q value may 

be also neutralized before it reaches the targets, but it exists as a hollow atom. While a hollow 

atom impact to the target surface, the rest potential energy will released out immediately and 

caused potential sputtering. As comparison, the sputtering yield on insulator and 

semiconductor, e.g. SiO2 and Si etc, has been measured, the sputtering grows almost linearly 

with the charge state of Pbq+. Therefore, the potential sputtering is strongly depend on the 

target material conductivity. The potential sputtering occurs only when a hollow atom is 

formed, while the HCI impact on metallic targets. A detail discussion will be given in the 

conference. 
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