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 The Conference on Elementary Processes in Atomic Systems (CEPAS) is 
held every three year. The conference focuses on all aspects of processes and 
phenomena stimulated by interactions of electrons, positrons, ions, atoms, 
molecules, photons and other constituents of matter with gaseous, liquid, and 
condensed matter at low and intermediate energy. The scientific program of the 
conference includes invited review talks and progress reports. The contributed 
papers are presented during poster sessions but some were selected for oral 
presentations as hot topics.  
  

CEPAS hosts a special SPARC session, as the last session of the 
conference on Friday afternoon. The SPARC – Stored Particles Atomic physics 
Research Collaboration – has been formed within the project FAIR – Facility 
for Antiproton and Ion Research – to be built at GSI, Darmstadt – Germany. The 
particular session is organized by the SPARC Collaboration Board. 
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4TH CONFERENCE ON ELEMENTARY 
PROCESSES IN ATOMIC SYSTEMS 

CLUJ‐NAPOCA, ROMANIA, JUNE 18‐20, 2008 

 
 

Conference Program 
 
 
 

June 17 
17.00 – 20.00 Registration, 

Hotel Universitas 
19.00 Welcome party, 

Restaurant near Hotel Universitas 
 
 
 

June 18 
9.00 – 9.30 Opening, Central Building, Aula Magna 

Chair: Takeshi Mukoyama – Central Building, Aula Magna 

9.35 – 10.10 Dénes Berényi, 
Fundamental information in atomic physics 

10.10 – 10.30 Karl-Ontjes Groeneveld 
Planetary orbits in atomic physics 

10.30 – 11.00 Coffee break 
  

Chair: Robert DuBois – Central Building, Aula Augustin Maior 

11.00 – 11.35 Michael Schulz, 
Kinematically complete experiments in atomic collisions 

11.35 – 12.10 Stefan Schippers, 
Relativistic, QED and nuclear effects in highly charged ions revealed by 
resonant electron-ion recombination in storage rings 

12.10 – 12.35 Adnan Naja, 
Fully differential experiments for electron impact ionisation of small 
atoms and molecules 

12.35 – 12.55 Angela Braeuning-Demian, 
SPARC's flair at FAIR: new perspectives for atomic physics research 
with highly charged ions and antiprotons at the future FAIR  facility 

12.55 – 14.30 Lunch break 
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Chair: Stefan Facsko – Central Building, Aula Augustin Maior 

14.30 – 15.05 Yasunori Yamazaki, 
Interaction of charged particles with insulators 

15.05 – 15.30 John R. Sabin, 
Molecular fragmentation on swift ion collision 

15.30 – 15.55 Oksana Plekan, 
Photoemission spectroscopy of DNA base tautomers 

15.55 – 16.15 Coffee break 
  

Chair: Raul Barrachina – Central Building, Aula Augustin Maior 

16.15 – 16.50 John Tanis, 
Interferences in coherent electron emission from diatomic molecules 

16.50 – 17.15 Jean-Yves Chesnel, 
Fast oscillating structures in electron spectra following slow Heq++He 
collisions: search for electron interferences 

17.15 – 17.40 Francois Fremont, 
Young interferences using a single electron source and an atomic-size 
two center interferometer 

17.40 – 19.10 Poster session 
  

19.15 Meeting of the Scientific Committee and Organizing Committee, 
Pyramid Restaurant 

 
 
 

June 19 

Chair: Günther Werth – Central Building, Aula Augustin Maior 

8.45 – 9.20 Fernando Martin,  
The role of nuclear dynamics in H2 ionization and dissociation by 
synchrotron radiation and laser pulses 

9.20 – 9.45 Robert Moshammer, 
Atomic and molecular fragmentation dynamics in intense laser fields 

9.45 – 10.10 Juan Fiol, 
Detailed description of collision dynamics in atomic ionization 
processes 

10.10 – 10.35 Zejun Ding, 
Monte Carlo simulation of electron interaction with solids and surfaces 

10.35 – 11.05 Coffee break 
  

Chair: Viorica Florescu – Central Building, Aula Augustin Maior 

11.05 – 11.40 Joachim Burgdorfer,  
Atomic dynamics on the attosecond scale: photons and charged 
particles 
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11.40 – 12.15 Mihai Gavrila, 
Atomic stabilization in superintense LASER  fields, then and now 

12.15 – 12.40  Matjaz Zitnik, 
X-ray resonant Raman scattering from noble gas atoms and beyond 

12.40 – 13.00 Sándor Borbély, 
Over-the-barrier ionization of the hydrogen atom by intense ulrashort 
laser pulses 

13.00 – 14.30 Lunch break 
  

Chair: Gheorghe Popa – Central Building, Aula Augustin Maior 

14.30 – 15.05 Friedrich Aumayr, 
Highly charged ion-induced nanostructures on surfaces 

15.05 – 15.40 Nikolaus Stolterfoht, 
Scaling laws for guided transmission of highly-charged ions through 
nanocapillaries in a PET polymer 

15.40 – 16.05 Fumihiro Koike, 
Temporal aspects in atomic ionizations initiated by electron or photon 
impact 

16.05 – 16.25 Juana L. Gervasoni, 
Dispersion relation and plasmon excitation in nanostructures by 
charged particles 

16.25 – 17.55 Poster session 
  

18.15 Visit of the Art Museum of Cluj-Napoca (Bánffy Palace) 
19.00 Concert, Flauto Dolce Ensemble 

 
 
 

June 20 

Chair: Titus Beu – Central Building, Aula Augustin Maior 

8.45 – 9.20 Colm Whelan,  
Fragmentation processes 

9.20 – 9.55 Udo Buck, 
The solvated electron in recent cluster experiments 

9.55 – 10.20 Kevin Prince, 
Inner shell spectroscopy and the shapes of biomolecules 

10.20 – 10.40 Edward Parilis, 
Interaction of Highly Charged Clusters with Surface 

10.40 – 11.20 Coffee break 
  

Chair: Ákos Kövér – Central Building, Aula Augustin Maior 

11.20 – 11.55 James Walters, 
Atomic Collisions Involving Antimatter 

11.55 – 12.20 Gaetana Laricchia, 
Ionizing collisions by positrons and positronium impact 
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12.20 – 12.45 Radu Campeanu, 
Positron impact ionization of atoms and molecules 

12.45 – 13.10 Helge Knudsen, 
Ionization of noble gas atoms in slow antiproton collisions 

13.10 – 13.30 Alexander Glushkov, 
QED theory of radiation emission and absorption lines for atoms and 
ions in a strong laser field 

13.30 – 15.00 Lunch break 
  

SPARC – Chair: Stephan Fritzsche – Central Building, Aula Augustin Maior 

15.00 – 15.25 Alex Gumberidze, 
X-ray spectroscopy of highly-charged heavy ions at FAIR 

15.25 – 15.50 Christopher Kozhuharov, 
Ultra-cold electron target for recombination experiments at the new 
experimental storage ring, NESR 

15.50 – 16.15 Andrey Surzhykov, 
Recent theoretical progress in studying x-ray emission from highly-
charged, heavy ions 

16.15 – 16.40 Daniel Ursescu, 
High power lasers and X-ray lasers for experiments within SPARC 
collaboration 

16.40 – 17.05 Daniel Fischer, 
Reaction Microscopes in heavy-ion storage rings - results and prospects

  
19.00 Banquet, Pyramid restaurant 
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We-8 FLUORESCENCE OF POLARIZED ATOMS EXCITED BY POLARIZED 
ELECTRONS 
A. Kupliauskienė 

66 

We-9 MODELLING ELECTRON KINETICS IN BF3 
O. Šašić, Z. Raspopović, Ž. Nikitović, V. Stojanović and Z. Lj. Petrović 

67 

We-10 STUDY OF THE ELECTRON-ELECTRON CORRELATION VIA 
OBSERVING THE TWO-ELECTRON CUSP 
L. Sarkadi and A. Orbán 
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We-11 POST-COLLISION INTERACTION AFTER ELECTRON IMPACT 
MEASURED BY (e,2e) COINCIDENCE TECHNIQUE 
B. Paripás and B. Palásthy 

69 

We-12 INTERPLAY OF INITIAL AND FINAL STATES FOR (e; 3e) AND (γ; 2e) 
PROCESSES ON HELIUM 
L.U. Ancarani, G. Gasaneo, F.D. Colavecchia and C. Dal Cappello 
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We-13 NEAR-THRESHOLD EXCITATION OF THE RESONANCE λ 158.6 nm 
LINE IN ELECTRON-INDIUM ION COLLISIONS 
A. Gomonai, A. Imre, E. Ovcharenko, Yu. Hutych 

71 

We-14 MECHANISM INVESTIGATION IN COLLISION OF CLOSED ELECTRON 
SHELL ATOMIC PARTICLES 
R. Lomsadze, M. Gochitashvili, B. Lomsadze, N. Tsiskarishvili, O.Taboridze 

72 

We-15 INNER-SHELL PHOTODETACHMENT OF IRON AND RUTHENIUM 
NEGATIVE IONS 
I. Dumitriu, René C. Bilodeau, T. Gorczyca, G. Ackerman, C. W. Walter, N. 
D. Gibson, A. Aguilar, Z. Pesic, D. Rolles, and N. Berrah 

73 

We-16 GENERALIZED OSCILATOR STRENGTHS FOR ELECTRON 
SCATTERING BY In ATOM AT SMALL ANGLES 
M. S. Rabasović, S. D. Tošić, V. Pejčev, D. Šević, D. M. Filipović and B. P. 
Marinković 

74 

We-17 ELASTIC ELECTRON SCATTERING BY SILVER ATOMS 
S. D. Tošić, V. I. Kelemen, D. Šević, V. Pejčev, D. M. Filipović, E. Yu. 
Remeta and B. P. Marinković 

75 

We-18 ELASTIC ELECTRON SCATTERING BY Zn , Cd AND Hg ATOMS IN 
THE OPTICAL POTENTIAL APPROACH  
V. Kelemen, M Dovhanych, E. Remeta 

76 

We-19 COLLISIONS IN TERMS OF QUANTUM TRAJECTORIES 
M. Acuña, and J. Fiol 

77 

We-20 THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF 
ELECTRON EMISSION DURING WATER IONIZATION BY LIGHT ION 
IMPACT 
C. Champion, H. Lekadir and C. Dal Cappello 

78 

We-21 ELECTRONIC RELATIVISTIC EFFECT IN BINARY-ENCOUNTER 
APPROXIMATION FOR ION-ATOM COLLISIONS 
Takeshi Mukoyama 

79 

We-22 INNER-SHELL IONIZATION IN ION-ATOM COLLISIONS AT MeV/u 
ENERGIES 
M.M. Gugiu, C. Ciortea, A. Enulescu, I. Piticu, D.E. Dumitriu, D. Fluerasu, 
A.C. Scafes, M.C. Pentia, C. Ciocarlan, and M.D. Pena 

80 

We-23 A SETUP FOR ELECTRON-ION COLLISIONS STUDIES EMPLOYING 
HIGH-RESOLUTION ELECTRON SPECTROSCOPY 
K. Holste, S. Schippers, A. Müller and S. Ricz 

81 

We-24 PULSE HEIGHT DISTRIBUTION MEASUREMENTS ON 
POLYCRYSTALLINE CVD-DIAMOND WITH HEAVY IONS AT 
ENERGIES OF 11 MeV/u AND 50 MeV/u 
A. Braeuning – Demian, D. Fluerasu, D. Dumitriu 

82 
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We-25 PRODUCTION OF MOLECULAR HYDROGEN IONS FROM C2H4 AND 
C2H6 UNDER ELECTRON CAPTURE AND LOSS COLLISIONS OF 2MeV 
Si IONS 
Akio Itoh, Takahiro Yamada, Tomoya Mizuno, Hidetsugu Tsuchida 

83 

We-26 DIFFERENTIAL CROSS SECTIONS FOR ELECTRON-IMPACT 
SCATTERING ON BORON 
L. Bandurina, V. Gedeon 

84 

We-27 IMPACT PARAMETER METHOD CALCULATIONS FOR FULLY 
DIFFERENTIAL IONIZATION CROSS SECTIONS 
F. Járai-Szabó and L. Nagy 

85 

We-28 CROSS SECTIONS AND TRANSPORT PROPERTIES OF F� IONS IN Ar, 
Kr AND Xe 
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87 

We-30 DESIGN, SIMULATION AND CONSTRUCTION OF MULTI-FIELD 
LINEAR TIME-OF-FLIGHT MASS SPECTROMETERS 
Erengil Z, Kaymak N, Yildirim M, Sise O, Dogan M and Kilic HS 
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We-31 MONTE CARLO CALCULATIONS OF THE SECONDARY ELECTRON 
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95 
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FUNDAMENTAL INFORMATION IN ATOMIC PHYSICS 
    - Opening address - 

 
 Dénes BERÉNYI 

 
    Institute of Nuclear Research of HAS, Debrecen, Hungary 

 
It shall be shown that the atomic physics research is important not only from the point 

of view of the different applications but also from that of the fundamental information. After 
a short historical retrospect three more recent results in question will be treated in a bit more 
detailed, namely the quantum teleportation, the Bose-Einstein condensation and the recently 
observed left-right asymmetry in outer-shell photo-ionization.  
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4Max-Planck-Institut für Physik Komplexer Systeme, 01187 Dresden, Germany 
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With the development of recoil-ion momentum spectroscopy [1] kinematically complete 
experiments on inelastic processes in ion-atom collisions have become feasible even for 
heavy fast projectiles. Such studies revealed that our understanding of even the most basic 
one-electron processes, such as single ionization, is not as complete as previously assumed 
[2,3]. Experimental work will be reviewed for various processes including single and double 
ionization and mutual ionization of both collision partners. 
Furthermore, a novel technique to analyze four-body fragmentation processes will be 
presented. 

In the case of single ionization fully differential cross sections (FDCS) were studied 
for a large variety of collision systems. Three-dimensional angular distributions of the ejected 
electrons for fully determined kinematics were analyzed. In all cases considerable 
discrepancies to theory were found. It appears that the problem in theory can always be traced 
to an incomplete description of the role of the interaction between the projectile and the 
residual target ion. Depending on the collision system this interaction manifests itself in a 
variety of features: for very fast collisions it leads to a strong filling of the minimum that in 
the first Born approximation (FBA) separates the well-known binary and recoil peaks from 
each other [2]. For highly charged ion impact it leads to a strong peak structure in the initial 
projectile beam direction [4]. Finally, for relatively slow collisions it can lead to a backward 
shift of the binary peak relative to the direction of the momentum transfer q from the 
projectile to the target atom [3], while theory predicts either no shift at all or a forward shift. 

For the case of four-body fragmentation processes, like double ionization or mutual 
ionization of both collision partners, 4-particle Dalitz (4-D) plots present a powerful 
complementary method to FDCS of analyzing kinematically complete experiments [5]. 
The disadvantage compared to FDCS is that the degree of differentiality of the cross sections 
is lower. However, two very important advantages are that the spectra are plotted as a 
function of all four fragments simultaneously and that the integral of the spectrum represents 
the total cross section. As a result, correlations between all four particles are visible in a 4-D 
plot and yet the complete double ionization dynamics is contained in the spectrum without 
loss of any part of the total cross section. With this technique we were able to extract valuable 
information about the relative importance of different double ionization mechanisms [6]. 
 
[1] J. Ullrich et al., Rep. Prog. Phys. 66, 1463 (2003) 
[2] M. Schulz et al., Nature 422, 48 (2003) 
[3] N.V. Maydanyuk et al., Phys. Rev. Lett. 94, 243201 (2005) 
[4] M. Schulz et al., J. Phys. B36, L311 (2003) 
[5] M. Schulz et al., J. Phys. B40, 3091 (2007) 
[6] M.F. Ciappina et al., submitted to Phys. Rev. A (2008) 
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Relativistic, QED and nuclear effects in highly charged ions
revealed by resonant electron-ion recombination in storage rings

Stefan Schippers

Institut für Atom- und Molekülphysik, Justus-Liebig-Universität Giessen, Germany
email: Stefan.E.Schippers@iamp.physik.uni-giessen.de

Recently electron-ion merged-beams experiments at heavy ion storage rings have be-
come sensitive to nuclear and higher-order QED effects. This is due to technological
advances in electron-beam preparation and ion-beam cooling techniques. For example,
the hyperfine splitting of dielectronic recombination (DR) recombination resonances
has been observed [1] (figure 1) at the Heidelberg storage ring TSR utilizing an ultra-
cold electron beam from a photo cathode. At the same time the resonance positions
were determined with a precision that is sensitive to second order QED effects.

0.0029, 0.0034, and 0.068 eV, respectively (Table III of
Ref. [22]). Through the hyperfine structure (HFS) of the
Sc18��1s22s1=2� ground state with the levels F � 3 and 4
separated by about 0.006 eV [26], each term (labeled by its
J) is expected to produce two resonance groups (J, F)
corresponding to the Sc18� initial HFS levels. In contrast
to the previous unresolved spectrum (Fig. 5 of [22]), we
clearly identify these hyperfine groups, showing that the F
states are about equally populated in the stored Sc18� beam
as expected at 300 K ambient temperature. In addition, the
previously unresolved terms J � 4 and 2 near 0.03 eV can
now be separately identified.

Each (J, F) resonance group is further split by small
amounts through the HFS terms F0 � 2 . . . 5 in the 2p3=2

excited valence state. Using the RMBPT results and the
approach of Ref. [29], we obtain for this state an interval
factor of 0.0000779 eV [22] and a splitting constant of
�0:0000284 eV due to the quadrupole moment [30]. For
the outer electron (both in the continuum and in n � 10),
the hyperfine interaction can be safely neglected. Thus, for
the up to eight closely spaced components of each group,

energetic positions relative to the term energy and relative
intensities follow from angular momentum recoupling
[31]. The required angular momentum assignments for
the Ryberg electron and the partial-wave contributions in
the collision are available from the RMBPT calculations of
the DR rate coefficient and confirmed by their good agree-
ment with experiment [22].

For fitting the spectrum, the rate coefficient was found
by averaging ��E�

�������������
2E=m

p
over the c.m. energy distribu-

tion f�E;Ed;T?; Tk� of the electrons (mass m) for
Maxwellian temperatures T?, Tk transverse and parallel
to the beam [22]. In addition to the narrow DR resonances
with their calculated natural widths close to 0.0004 eV
[22], the recombination cross section ��E� also included
the theoretical RR and the DR of the broad resonance
�2p3=210p3=2�J�0 [22]. Zeeman splitting is expected to
only increase the broadening by <0:0001 eV and thus
neglected. The splitting and the relative intensities in
each (J, F) group were fixed, while the resonance term
energies Er�J�, the Sc18� ground-state HFS determin-
ing the spacing between the groups, and the intensity
ratio between the two hyperfine groups were fitted. The
fit also yielded Tk � 2:23�3� � 10�5 eV and T? �
0:00111�10� eV from the high- and low-energy slopes of
the resonances, respectively. Variations of the fixed pa-
rameters within reasonable limits had little effect on the
fit results, most strongly on T?, but remaining within the
error given. T? causes an asymmetric broadening;
however, its value is well defined from the different
steepnesses of both slopes and the valleys between the
resonance groups. This allows us to extract the resonance
term energies as given in Table I. The hyperfine splitting in
the Sc18� ground state is found as 0.00620(8) eV in rea-
sonable agreement with the predictions converging at
0.0060633(33) eV [20] and 0.006063(7) eV [32].

The term energies Er�J� represent the 2s1=2-2p3=2 core
excitation energy reduced by the binding energy Eb�J� of
the Rydberg electron on the 1s22p3=2 core. They contain
QED corrections arising from the core only, while an upper
limit for the QED corrections to Eb�J� is estimated to only
2� 10�5 eV (�Z times the Breit contributions). The
RMBPT calculations [22] of Eb�J� were revisited with
minimal changes. The errors represent neglected contribu-
tions of high partial-wave angular momenta (l � 12 to 1)
as well as of uncalculated higher-order correlation, con-
servatively estimated from the calculated all-order ladder

TABLE I. Resonance term energies and inferred 2s1=2-2p3=2 transition energy using the calculated binding energies (in eV). From
the average over the three terms, the final value of this transition energy is given as 44.30943(20) eV.

J � 4 J � 2 J � 3

Resonance term energy Er�J� (experiment) 0.03036(10) 0.03465(10) 0.06861(10)
Rydberg binding energy Eb�J� (RMBPT) 44.27916(11) 44.27480(11) 44.24071(9)
2s1=2-2p3=2 transition energy 44.30952(15) 44.30945(15) 44.30932(15)

FIG. 1 (color online). Electron collision spectrum of the lowest
Sc18� DR resonances assigned to three doubly excited Rydberg
terms of different J, whose hyperfine-unsplit energies are in-
dicated in the bottom together with the energy shifts caused by
the splitting between two F-levels of the 1s22s1=2 ground state.
Labels (J, F) are applied near the resulting hyperfine-split
contributions in the experimental spectrum. The further splitting
of each (J, F) contribution through the HFS in 1s22p3=2 and the
relative intensities of the HFS subcomponents are marked by
stick diagrams. The fitted rate coefficient and broad minor
features included in the fit are indicated by thick and thin curves,
respectively.
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Figure 1: DR of Sc18+ at very
low electron-ion collision energies
[1]. Clearly, distinct peaks (labeled
by the angular momenta (J ,F )
of the doubly excited intermediate
states) arising from different hy-
perfine (HF) groups of resonances
are observed. HF subcomponents
are marked by stick diagrams.

Among other experimental results from the borderline between atomic and nuclear
physics that will be presented and discussed are the measurement the hyperfine induced
lifetime of the 47Ti18+(1s2 2s 2p 3P0) state [2] and isotope shifts of DR resonances that
were recently measured [3] at the ESR storage ring of GSI.

References

[1] M. Lestinsky et al., Phys. Rev. Lett. 100, 033001 (2008).
[2] S. Schippers et al., Phys. Rev. Lett. 98, 033001 (2007).
[3] C. Brandau et al., Phys. Rev. Lett. 100, 073201 (2008).
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FULLY DIFFERENTIAL EXPERIMENTS FOR ELECTRON IMPACT IONISATION 
OF SMALL ATOMS AND MOLECULES 

 
A. Lahmam-Bennania,b, E. M. Staicu Casagrandea,b and A. Najaa,b 

 
a Université Paris-Sud 11, Laboratoire des Collisions Atomiques et Moléculaires (LCAM), 

Bât. 351, 91405 Orsay Cedex, France 
b CNRS-LCAM (UMR 8625), Bât. 351, 91405 Orsay Cedex, France 

 
 

The (e,2e) collisions are electron impact ionising processes where the two emerging 
electrons are fully analysed in energy and momentum and detected in coincidence. The 
corresponding triple differential cross section (TDCS) has been experimentally and 
theoretically studied for a wide variety of kinematics and geometries, symmetric or 
asymmetric, coplanar or non coplanar. See, for example, [1-3] for some reviews. A large 
body of the published works concerns the ionisation of helium. This has resulted in an 
increasing and encouraging agreement between theoretical predictions and experimental data 
for simple targets such as H and He, and has allowed for the exploration of the interaction 
dynamics in more and more detail. 

However, the situation does not look as satisfactory for more complex, many-electron 
atomic targets (not to mention molecular targets) for which the agreement between 
experiment and theory deteriorates significantly. We will describe new coplanar (e,2e) results 
for ionisation of several rare gases (He, Ne, Ar) [4,5] as well as small molecules (H2, N2, 
CH4, ...) [6,7], under kinematics which have remained rather unexplored to date and 
characterised by large energy transfer and close to minimum momentum transfer from the 
projectile to the target. The experimental results are used as a sensitive test of a number of 
state-of-the-art available theoretical models for multi-electron atoms or for molecules. In the 
case of H2, based on a direct comparison between experimental results for He and H2, we 
observe [6] an oscillatory pattern which is attributed to the destructive or constructive 
interference effects due to the scattering from the two H-nuclei. 
 
Keywords: (e,2e) ; TDCS; Electron impact ionisation ; Interference effects  
 
References 
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SPARC's FLAIR AT FAIR:  
NEW PERSPECTIVES FOR ATOMIC PHYSICS RESEARCH WITH HIGHLY 
CHARGED IONS AND ANTIPROTONS AT THE FUTURE FAIR FACILITY 

 
A. Braeuning-Demian in behalf of SPARC and FLAIR collaborations 

 
GSI, Planckstrasse 1, 64291 Darmstadt, Germany  

 
   Atoms under 'extreme' conditions - high atomic charge states in high electrical fields and at 
very high or very low velocities - represent a still widely unexplored field of research. The 
atomic spectroscopy of highly charged relativistic ions and the study of the collision 
dynamics involving atoms, electrons and photons are seeking answers to questions connected 
to quantum electrodynamics, astrophysics, as well as to material and biological research.  
With the tremendously improved beam qualities at the future Facility for Antiproton and Ion 
Research (FAIR), experiments of highest precision and studies of rare processes using highly 
charged heavy ion beams can be performed. In addition, high yields of different unstable 
nuclei will be available for investigation of nuclear properties using atomic physics methods. 
This new facility will extend the energy range for studies involving highly charged heavy 
ions not only toward the high energy limit (10-20 GeV/u) but also at low energies, down to 
rest, via HITRAP installation.  
 
  The advent of high intensity antiproton beams will open a research field not yet present at 
GSI: physics with antiprotons.  At the proposed Facility for Low-energy Antiproton and Ion 
Research (FLAIR) the low-energy limit of the physics with antiprotons will be exploited in 
atomic collisions, in nuclear and particle physics studies along with matter-antimatter 
symmetry studies. 
  
Two collaborations, SPARC (Stored Particle Atomic Research Collaboration) and FLAIR 
(Low-energy Antiproton Physics) aim to take advantage of these new opportunities. This 
contribution will review the main atomic physics research topics proposed to be carried out at 
FAIR and the on going development of the proposed experiments.    
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Interaction of charged particles with insulators 
 

Univ. Tokyo and RIKEN, Yasunori Yamazaki 

 

 We have been studying the interaction of charged particles with insulating targets such as a 

multi-microcapillaries, a single tapered glass capillaries, and a pair of flat glass plates. Although 

insulating material had not been physicists’ favorites because of their uncontrollable charge-up 

natures, recent intensive studies have revealed various interesting properties of charging and 

discharging phenomena of insulators.   

 First of all, a so-called guiding effect, which was discovered by N. Stolterfoht in 2002[1] 

for multi-micorcapillaries, is discussed.  I will then extend the discussion for (1) single tapered 

capillaries[2], which showed not only a guiding effect but also a focusing effect, (2) pair of glass 

plates separated by 0.1mm or so [3]. It is expected that these phenomena are the result of 

self-organized charging and discharging of the insulator surfaces. A similar effect was also observed 

for a MeV ions transmitted through tapered glass capillaries [4], where multiple small-angle 

scattering would play a decisive role.  Recently, we have succeeded to develop a single tapered 

glass capillary with a thin window at the top, which can be applied for a living cell surgery [5].  

Further possible applications to other particles like muons, positrons and clusters will be discussed at 

the conference. 

 

[1] N. Stolterfoht, J.-H. Bremer, V. Hoffmann, R. Hellhammer, D. Fink, A.Petrov, and B. Sulik, 

Phys. Rev. Lett. 88 (2002)133201. 

[2] T. Ikeda, Y. Kanai, T. M. Kojima, Y. Iwai, T. Kambara, Y. Yamazaki, M. Hoshino, T. Nebiki, 

and T. Narusawa, Appl. Phys. Lett. 89(2006) 163502. 

[3] G.Pokhil, et al., private communications 

[4] T. Nebiki et al., J. Vac. Sci. Technol. A 21 (2003) 1671. 

[5] Y.Iwai et al., Appl. Phys. Lett. 92 (2007) 023509. 
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MOLECULAR FRAGMENTATION ON SWIFT ION COLLISION 
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Impact of swift ions on molecules with collision energies of tens to hundreds of 
eV/amu frequently results of fragmentation of the target molecule into atoms, electrons, ions, 
and radicals of various sizes.  The details of these processes give insight into such diverse 
subjects as radiation protection, tumor therapy, and initiation of explosion of energetic 
materials. 

Over the past several years, we have applied Electron Nuclear Dynamics (END), a 
full quantum mechanical, fully coupled dynamics to the study of fragmentation of small 
molecules, ranging from H2 to water to ethane, and, to proto-biological molecules such as 
formaldehyde.  The calculations produce total cross sections, differential cross sections, 
charge exchange cross sections, fragmentation cross sections, and kinetic energy release 
probabilities.  

In this contribution we will discuss molecular fragmentation of water initiated by 
swift 3He+ and 3He2+ ions and the information that can be gleaned from such calculations.  
Among the quantities discussed will be electron capture by the projectile in the collision of 
3He2+ → H2O.  The differential cross section for single electron capture (SEC) and double 
electron capture (DEC) as a function of scattering angle for such a collision are shown below 
[1] for projectile energies of 1,3, and 5 keV/amu and compared to experiment [2]. 

Although there are no experiments 
reporting double electron capture, and the 
experiments for single electron capture are 
confined to large scattering angles, the 
results agree well with theory.  These and 
other results from the calculations will be 
discussed. 
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PHOTOEMISSION SPECTROSCOPY OF DNA BASE TAUTOMERS 
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Nucleobases are fundamental building blocks of life, and their physical chemistry has 
been extensively studied both experimentally and theoretically, since the electronic properties 
of these molecules play an important role in biochemistry, biophysics, medical chemistry and 
nano-biotechnological applications. Gas Phase studies of these compounds provide an 
opportunity to examine the spectra of these molecules in the absence of solvation effects and 
thus obtain detailed and precise information. 

An important characteristic of nucleobases is their tendency to form tautomers. 
Tautomers are organic compounds which are formed by migration of a hydrogen atom, 
accompanied by a switch of a single bond and neighboring double bond: these tautomers can 
cause genetic mutations by pairing incorrectly with complementary bases. For example, 
guanine (see Fig. 1) has the possibility of oxo ↔ hydroxo, amino ↔ imino, N1H ↔ N3H 
and N7H ↔ N9H prototropy and is therefore the nucleobase with the largest number of 
possible tautomeric forms. 

Recently we have studied the electronic 
structure of adenine, guanine, cytosine, thymine 
and uracil in the gas phase by core level 
photoemission spectroscopy using synchrotron 
radiation. The XPS (X-ray Photoelectron Spectra) 
and NEXAFS (Near Edge X-ray Absorption Fine 
Structure) spectra at the C, N and O 1s edges have 
been measured and interpreted with the aid of 
polarization propagator ADC(2) and one-particle 
Green's function ADC(4) calculations [1]. In the 
core level photoemission spectra of adenine, 
thymine and uracil, tautomers have not been 
observed. For guanine and cytosine, different types 
of tautomers have been clearly identified, and their 
relative populations at the temperature of the 
experiment have been determined. 

Fig.1. Possible tautomeric forms of guanine. 
Keywords: nucleobases, tautomers, X-ray photoemission spectroscopy.
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INTERFERENCES IN COHERENT ELECTRON EMISSION  
FROM DIATOMIC MOLECULES 

J.A. Tanis

Department of Physics, Western Michigan University, Kalamazoo, MI 49008, USA 

In recent studies ionization of molecular hydrogen by fast ions has been shown to give rise 
to electron interference effects [1,2]. The interferences are manifested as oscillations in the 
velocity (or energy) distributions of the ejected electron spectra, and are analogous to the 
interference of light in Young's two-slit experiment with the slits replaced by the atomic 
centers of the molecule. While such interferences were predicted more than four decades ago 
[3], only recently was experimental evidence for these effects observed in collisions of 1-5 
MeV/u H+ [4] and ~60 MeV/u Kr33+ [1,2] ions with H2. To reveal the relatively small 
oscillations superimposed on an exponentially decreasing “background” of continuum 
electrons, measured molecular yields are normalized to theoretical atomic cross sections. The 
resulting ratios exhibit a damped oscillatory behavior described by the function 
[1+sin(kcd)/kcd] [5], where k is the outgoing electron momentum, c is a parameter 
representing the oscillation frequency, and d is the internuclear separation. The frequencies of 
the oscillatory structures are found to depend strongly on the electron observation angle [2,4] 
and to a lesser extent on the collision velocity [4]. Comparison with existing theories [5,6,7] 
shows good agreement for forward ejection angles but not for backward angles [8]. 
Additionally, secondary oscillations with ~2-3 times higher frequencies are observed 
superimposed on the primary oscillations [9]. These secondary structures have been attributed 
to scattering of the primary electron “wave” at the second atomic center resulting in 
interference with the original wave, an effect that has no analogy in Young’s experiment.  

More recently interference studies have focused on diatomic molecules other than H2, 
including 1-5 MeV H+ + N2 [10] and 30 MeV O5,8+ + O2 [11]. Ratios of experimental 
molecular N2 to theoretical atomic N cross sections for electron emission are found to exhibit 
nearly constant frequency sinusoidal oscillations for all electron observation angles and for 
the collision velocities studied. Furthermore, the oscillations do not appear damped over the 
range of the measurements. The results suggest suppression of primary Young-type 
interferences, in sharp contrast to observations for H2, with the structures being instead 
secondary oscillations due to intramolecular scattering. Theoretical calculations predict 
suppression of the primary interferences but not to the extent observed in the measurements. 

All of these various results will be reviewed, outstanding problems identified, and future 
directions indicated. 

Keywords: electron interferences, coherent electron emission, secondary interferences, molecular ionization 
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Since 2001, many works [1-6] have been devoted to the study of interferences 

resulting from the coherent emission of electrons from H2 following the impact of fast 
charged particles. These interference effects manifest themselves as oscillations in the 
electron spectra as a function of the ejected electron velocity [1-6]. Moreover, evidence for 
significantly higher frequency oscillations was reported in the electron emission spectra of 
H2 by fast H

+
 impact [6]. Although no conclusion was reached, an explanation, considered 

not likely for the relatively fast H+ + H2 collisions of Ref. [6], involved coherent electron 
emission from the transient molecule formed by the passing ion with one (or both) of the 
target H2 centers. Within the framework of this hypothesis, such interference effects would 
also be expected in collisions of ions with atomic targets where the number of centers of the 
transient molecule is reduced to two. In a theoretical study of H

+
 + H collisions at 20 keV 

[7], inclusion of the interferences between the target centered and projectile centered 
amplitudes led to results in good agreement with experimental differential cross sections. 
Thus, Ref. [7] shows that, even using an atomic target, the interferences resulting from 
coherent electron emission may be revealed. 

In the present work [8], distributions of ejected electrons following collisions of slow 
He

+
 and He

2+
 ions and an atomic He target were measured for projectile energies of 20 and 

40 keV, respectively. The electrons were detected at angles of 30
o
 and 90

o
 with respect to 

the incident beam direction. Superimposed on a continuous background originating from 
target ionization, small amplitude, high-frequency oscillations are revealed. The frequency 
of these oscillations is found to be nearly independent of the projectile charge and 
observation angle. In view of recent experiments and calculations, the origin of such 
oscillations is discussed. Processes such as autoionization following the production of 
highly excited states, Fermi-shuttle ionization, or coherent electron emission caused by 
interference between the target centered and projectile centered amplitudes, are considered. 

 
Keywords: Ion-atom collision; Electron spectra; Fast oscillating structures; Autoionization; Fermi-shuttle 
ionization; Electron interference 
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YOUNG-TYPE INTERFERENCES USING SINGLE-ELECTRON SOURCES AND 
AN ATOMIC-SIZE TWO-CENTER INTERFEROMETER 
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Recently, interferences caused by a single electron impacting on an independent double-
center scatterer, which plays the role of an atomic-size double-slit system, were 
experimentally evidenced for the first time [1,2]. The electron originates from the 
autoionization of doubly excited 2lnl’ (n ≥ 2) configurations of He following a double charge 
exchange process by 30 keV He

2+
 ions impinging on H2 molecules. Well-defined oscillations 

were visible in the angular distribution of the electrons emitted towards the receding H 
protons. The presence of these oscillations was shown to be a clear demonstration that a 
single electron interferes with itself. The period of the oscillations was found to be ~17

o
, in 

agreement with the predictions of the model developed recently [3]. 
 
In the present work, we discuss the dependence of the interference pattern with interference 
parameters. It is well known that, when light passes through two slits, the distance i between 
two maxima on a screen strongly depends on the light wavelength λ and on the distance d 
between the slits. Consequently, the angular period, defined by T ~ λ/d, varies also with these 
two parameters. Similarly, by modifying the electron wavelength and the distance between 
the protons, the interference pattern is expected to change. This can be easily done by 
changing the projectile velocity, or the projectile itself. 
 
We performed a Young-type experiment using 8 keV He

2+
 and 105 keV N

6+
 projectile ions. 

In the case of He
2+

 ions, the period T is found to be practically the same as that found at 30 
keV, within the uncertainties. However, the shape of the interference pattern changes 
strongly, since a phase shift of nearly π in the angular distribution of autoionizing electrons is 
observed. For N

6+
 projectile ions, no oscillation is found. We will show that all these results 

can be interpreted using the simple model developed previously [3]. 
 
Keywords: Young; electron interferences; autoionization. 
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THE ROLE OF NUCLEAR DYNAMICS IN H2 IONIZATION AND DISSOCIATION 
BY SYNCHROTRON RADIATION AND LASER PULSES 
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Molecular ionization is one of the most elementary processes that occur in the atmosphere 
and the interstellar space. Since in molecules the absorbed energy is shared between 
electronic and nuclear degrees of freedom, the remaining molecular ion can be left in an 
excited vibrational or dissociative state. This is at variance with atomic ionization where the 
energy is entirely absorbed by the electrons. In early pictures of molecular ionization, the 
nuclear motion was described in terms of the Franck-Condon approximation, in which 
electronic processes occurring at different positions of the nuclei are weighted by the overlap 
between the initial and final vibrational states. With the advent of kinematically complete 
experiments, in which the momenta of all charged particles is determined, this picture has 
been revealed to be incomplete.  
In this lecture, the important role of nuclear dynamics in molecular ionization produced by 
synchrotron radiation and ultrashort pulses will be demonstrated using accurate ab initio 
theoretical calculations that account for all electronic and vibrational degrees of freedom. In 
particular, recent results for electron angular distributions from fixed-in-space molecules will 
be analyzed and compared with kinematically complete photoionization experiments [1-4]. 
The range of excess photon energies considered goes from a few to several hundreds of eV. 
Also, multiphoton ionization of molecules by ultrashort pulses will be discussed [5].  
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ATOMIC AND MOLECULAR FRAGMENTATION 
DYNAMICS IN INTENSE LASER FIELDS 

Robert Moshammer 
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The free-electron-laser FLASH at DESY in Hamburg provides fs light pulses in the VUV at 
unprecedented high photon intensities. It enables for the very first time the investigation of 
highly non-linear phenomena, i.e. the simultaneous interaction of few photons with atoms or 
molecules in a photon energy regime that was not accessible before. Thus, experimental 
benchmark data may be provided on fundamental processes guiding the development of few-
photon – few-electron theories. Due to the “small” number of photons involved ab-initio 
theories have been developed and are at hand. It is expected that these new experiments will 
provide basic information on the dynamics of few-photon matter interactions.  
Here we report on first differential experiments of few-photon multiple ionization of He, Ne 
and small molecules by intense FEL radiation using a Reaction Microscope. Measurements 
were performed at wavelengths of 44 nm (28.2 eV), 32 nm (38.7 eV) and 28 nm (44.9 eV) 
and estimated intensities in the range of 1012 – 1014 W/cm2. Experimental results will be 
presented and discussed in terms of possible multiple ionization pathways due to the 
instantaneous or sequential absorption of several photons.  
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DETAILED DESCRIPTION OF COLLISION DYNAMICS IN ATOMIC
IONIZATION PROCESSES

J. Fiol∗†, and R. O. Barrachina∗‡
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Important efforts during the past decades have been directed to the theoretical and
experimental determination of the total, single and double differential cross sections for
atomic ionization by positron impact [1, 2, 3, 4]. On the contrary, while theoretical
descriptions of triple differential cross sections for atomic ionization by positron impact
have been obtained for almost two decades [5], their experimental counterpart have
only recently become feasible [6, 7]. These novel experiments made possible detailed
investigations of the collisions dynamics that differs considerably from that of heavy
ions, being strongly affected by the interaction with the target nucleus [8, 9].

A decade ago, a differential study of the positron impact ionization of H2 shown the
occurrence of a capture-to-the-continuum (ECC) cusp [6]. This is a well-known phe-
nomenon in ion-atom ionization collisions that had been predicted for positrons over a
decade earlier [5]. These measurements, together with further coincidental measurement
of the electron and the positron [7, 10] unveiled a very surprising result, an unexpected
energy shift with respect to the matching velocity. This phenomenon had been unfore-
seen by quantum mechanical calculations [8, 11], even though a recent classical trajectory
Monte Carlo (CTMC) calculation seems to corroborate the effect [9] . Since then, dif-
ferent explanations had been tried as for instance a competition from the Ps formation
[10] or the annhilation channels [13]

In this communication, by studying the collision dynamics, we address the issue of the
origin of the experimentally observed shift by means of classical and quantum-mechanical
methods by studying the momentum distributions of the electron, positron and residual-
ion. In particular, we determine if the cusp shift occurs during the collision, when all
three particles are close to each other in the condensation region or as a result of the
post-collision positron-electron interaction.
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MONTE CARLO SIMULATION OF ELECTRON INTERACTION WITH SOLIDS 
AND SURFACES 
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Monte Carlo simulation method has been playing an important role in materials 
analysis by electron spectroscopies, electron microscopy, and electron probe microanalysis. 
An overview will be given on several aspects of its application to surface related electron 
spectroscopy and scanning electron microscopy. A Monte Carlo model with the use of bulk 
dielectric function and optical constants has reproduced systematically experimental 
backscattering background in the energy distribution of Auger electron spectroscopy for a 
number of elemental materials [1]. Furthermore, a simulation of reflection electron energy 
loss spectra for metals has been compared with experiments based on an improved electron 
inelastic scattering model by taking into account of surface excitation effect [2,3]. For study 
of the quasi-elastic electron scattering from an overlayer/substrate system, the energy shift, 
the Doppler broadening and especially the peak intensity ratio have been derived in a well 
agreement with experimental results [4]. Secondary electron generation inside the sample can 
also be properly modeled to acquire necessary information about secondary electron signals 
in a scanning electron microscope [5]. A Monte Carlo simulation code has been extended to 
consider complex sample geometries, thus, the structured and/or chemical inhomogeneous 
sample can be handled with a quite flexibility [6]. 

This work was partially supported by the National Natural Science Foundation of 
China (Grant Nos. 10025420, 10574121, 90406024), Chinese Academy of Sciences and 
Chinese Education Ministry. 
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X-RAY RESONANT RAMAN SCATTERING FROM NOBLE GAS
ATOMS AND BEYOND

M. Žitnik, M. Kavčič, K. Bučar, A. Mihelič

J. Stefan Institute, Jamova 39, P.O.B. 3000, SI 1000, Ljubljana, Slovenia

Photoabsorption is one of the most useful spectroscopic techniques. Energy depen-
dence of the ’missing’ photon current after the light has passed throught the target
displays characteristic peaks due to discrete excitations of an inner-shell electron passing
smoothly into the continuum. Positioning and shape of the corresponding continuum
step is related to the atomic valence (XANES) and undulations above the threshold
carry information about the kind and number of the nearest atomic neighbors (EXAFS).
Superimposed are many weak structures, the fingerprints of electron multiple excitations
and their respective thresholds (for example, [1]). There is an intrinsic limitation of the
technique: spectral features reflect the natural width of the inner hole created by the
photon absorption. Such final state broadening is present also in XPS spectra where the
yield of ejected electrons is recorded as a function of their energy [2].

Complementary to these are the methods for observing channels along which the
excited states release the energy, mostly by Auger decay (AES) or x-ray emission (XES).
The available resolving power of spectrometers can be fully exploited in experiments
where energy resolution is not limited by the lifetime of the hole - the resonant Raman
effect. It follows from energy conservation that if for a given reaction the energies of all
particles involved in the production of initial hole and decay are measured, so that the
total experimental energy uncertainty is smaller than the natural width of the hole, the
corresponding spectral lines display a substantial narrowing and reflect the experimental
rather than the combined experimental plus inner hole broadening. Such a situation
occurs most easily by the narrow band excitation of discrete states when observing Auger
electrons (Auger resonant Raman effect) [3] or photons (x-ray resonant Raman scattering)
[4] emitted in the fast decay of an atomic inner-hole. The energy positions, intensities,
and line shapes in the RIXS spectrum depend on the precise energy and bandwidth of
the incident x-ray beam in all the near ionization threshold region.

We will present the results obtained by our high resolution x-ray spectrometer [5] at
XAFS@Elettra and ID26@ESRF synchrotron beamlines. We have studied single exci-
tations converging to Xe L3-edge and Ar K-edge. In Ar the RIXS signal was recorded
in the region of doubly excited KM and KL states. Focusing excitation onto the sulfur
K-edge region, we followed the evolution of Kα and Kβ lines emitted by SF6 and SO2

molecules. Finally, the advantages of the RIXS technique such as element selectivity,
high penetrating power with selective energy deposition and high energy resolution, will
be shown in case of a solid target.

Keywords: High resolution x-ray spectroscopy; Resonant inelastic x-ray scattering;
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OVER-THE-BARRIER IONIZATION OF THE HYDROGEN ATOM BY

INTENSE ULRASHORT LASER PULSES
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We present theoretical studies of the ionization of the hydrogen atom at the over-the-
barrier regime. At these high intensities, the available theoretical models have deficien-
cies. One of the first models was the Volkov model, which gives acceptable results only
for very high field intensities. An improved version of the Volkov model is the Coulomb-
Volkov (CV) [1] approximation, where instead of the simple plane-waves for final state,
CV wave functions are used. The pulse duration within the CV model is limited by the
use of sudden approximation.

The classical trajectory Monte Carlo method
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Fig. 1. Angular distribution of the photoelec-
trons for given ejection energies We. The time-
dependent electric field along the ẑ direction
in the time interval between 0 and τ is defined
as ~F (t) = ẑF0 cos [ω(t − τ/2)] sin2(πt

τ
), where

E0 = 1 a.u., ω = 0.05 a.u., τ = 5 a.u. pulse
parameters. Solid line: MSSFA. Dotted line:
Volkov. Squares: CTMC.

(CTMC) is also a feasible approach at this high
intensities and provides reasonable results [2].
The direct numerical solution of the time de-
pendent Schrödinger equation (TDSE) gives
the most reliable data [3], but it implies ex-
tensive numerical calculations. Recently we
developed a so called momentum space strong
field approximation (MSSFA) model [2], which
overcomes the disadvantages of the previous
models. It was found that the MSSFA model
gives less accurate results than the Volkov and
CV models only for the case of low momen-
tum transfer. In this work, the MSSFA model
was further improved by eliminating its short-
comings at low momentum transfer. Here we
present and compare differential ionization pro-
bability distributions (see Fig. 1.) of the photo-electrons for various laser pulse parame-
ters applying classical and quantum models.

Keywords: over-the-barrier ionization; intense, ultrashort laser pulses
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HIGHLY CHARGED ION-INDUCED NANOSTRUCTURES ON SURFACES  
 

F. Aumayr 
 

Institut f. Allgemeine Physik, TU Wien, A-1040 Vienna, Austria, EU 
 

Controlled modifications of surface and bulk properties of materials by irradiation 
with ion beams is a widely used technique in applied fields like micro-electronics, 
biotechnology or photonics.  In these applications high ion-fluences are used and the kinetic 
energy of the ions is controlled to induce the desired surface modification. With decreasing 
dimensions of devices, new experimental tools have to be developed. Recent work in this 
area has concentrated on substituting individual slow highly charged ions (HCI) for singly 
charged ion beams. Single HCI-impact induced surface modifications with only nanometer 
dimensions have recently been demonstrated [1-8]. During their recombination at a surface, 
slow HCI deposit a large amount of potential energy into a small and shallow surface region 
[9], which can lead to nano-sized surface defects. For example the formation of SiO2 nano-
dots on a hydrogen passivated silicon surface [6] and the creation of nano-diamonds on 
HOPG [5] due to the impact of individual slow HCI were reported.  

Current research therefore 
attempts to control the production of 
material modifications on surfaces and 
thin films with well-defined size in the 
nanometer region by a variation of the 
HCI´s potential energy. Within this talk 
we will review the current state of this 
field. In particular we will discuss the 
creation of nano-sized protrusions on 
insulating surfaces like CaF2(111) using 
slow highly charged ions [7]. This 
method holds the promise of forming 
regular structures on surfaces without inducing defects in deeper lying crystal layers. We find 
that only projectiles with a potential energy above a critical value are able to create hillocks 
[7]. Below this threshold no surface modifications are observed. This is similar to the track 
and hillock formation induced by swift heavy ions. We finally present a model for the 
conversion of potential energy stored in the projectiles into target lattice excitations (heat) 
and discuss pos-sible applications [10].  
Keywords: Highly charged ions, nanostructuring, ion - surface interaction 
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Fig. 1 Topographic contact mode AFM image of a 
CaF2(111) surface after irradiation with 0.5 keV/amu Xe33+ 
ions showing hillock-like nanostructures.  
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Fig. 1. Babes-Bolyai University by night 
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Fig. 1. Scaling laws for the FWHM σt (a) and 
the guiding angle ψc (b) in terms of the 
projectile energy to charge ratio.   

SCALING LAWS FOR GUIDED TRANSMISSION OF HIGHLY-CHARGED IONS 
THROUGH NANOCAPILLARIES IN A PET POLYMER 

 
N. Stolterfoht, R. Hellhammer, J. Bundesmann, and D. Fink 

Hahn-Meitner-Institut Berlin GmbH, Glienickerstr. 100, D-14109 Berlin, Germany 
 

Recent studies from our laboratory reported on transmission of Ne7+ ion through 
capillaries in insulating polyethylene terephthalate (PET) [1]. When the capillary axis is tilted 
with respect to the incident beam direction, the transmission of highly charged ions was found 
to occur with negligible electron capture so that a considerable fraction of ions is guided 
through the capillary in its incident charge state. The guiding phenomenon is understood in 
terms of incident ions depositing positive charges at the inner wall of the capillaries in a self-
organizing process. Due to the increasing interest in this subject, several laboratories started 
investigations of capillary guiding in different insulating materials (cited e.g. in [2]).  

In the present work guided transmission was investigated using a variety of ionic species, 
such as Ne7+, Ne9+, Ar9+, Ar13+, and Xe25+ [3] The incident energy was varied within the range 
of 3 - 40 keV. The fraction of transmitted ions was measured as a function of the capillary tilt 
angle. The results are used to evaluate the guiding angle, which is a measure of the guiding 
power specifying the ability of a material to guide ions. Moreover, the FWHM σt of the 
angular distribution of the transmitted ions was studied as a function of their energy and charge 
state.  

Model calculations have shown [3] that the fract-
ion of transmitted ions can be described as 
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which defines the guiding angle ψc as the tilt angle ψ for 
which the intensity of the transmitted ions drops to 1/e. 
Moreover, Ep and q are the projectile energy and charge. 
The quantity U is a free model parameter characterizing 
the potentials in the entrance region. For constant U, Eq. 
(1)  predicts that sin-2 ψc is proportional to Ep/q. In fact, 
Fig. 1(b) shows a nearly linear dependence, i.e., the 
quantity sin-2 ψc can well be fitted by (Ep/q)1.3 apart from 
a constant (see solid curve). Similar results were found 
for the fitting of  sin-2 σt  as depicted in Fig. 1(a). 

  In conclusion, the profile width and the guiding 
angle were found to follow the same scaling law and are 
fitted by the same function. It will be shown that this 
finding provides evidence that both angles are governed 
by the main charge patch deposited in the entrance 
region of the capillary. 
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TEMPORAL ASPECTS IN ATOMIC IONIZATIONS INITIATED BY
ELECTRON OR PHOTON IMPACT

F. Koike

Physics Department, School of Medicine, Kitasato University, Sagamihara, Kanagawa
228-8555 Japan

In the present report, we discuss temporal aspects in the processes of electron emis-
sions from atoms after their electronic state excitations by electron or photon impact.
Firstly, we consider the time correlations between the atomic autoionization pro-

cesses and atomic internal motions. Autoionization of photon-impact or particle-impact
induced doubly or inner-shell excited atomic states may sometimes leaves multiplet states
in residual ions. In atomic species with moderate atomic numbers, the multiplet nature
is typically caused by spin-orbit interactions in ionic open-shell electrons[1][2]. In these
systems, the open-shell undergoes presessions between different total angular momen-
tum states of ions, and its cycle time gives us a good clock to measure the lifetime of the
autoionizing states. In Fig. 1, we illustrate the features of time correlations for atomic
autoionization processes as an example.
And further on, there is a class

Fig. 1. Schematic Drawing of the Interference Features in
Autoionization of Atoms with LS Multiplet Ion Cores

of ionization processes in which
multiple electrons leave the atomic
system. Due to a correlations among
the escaping electrons, we some-
times observe the effects that are
so called post-collision interactions.
The post-collision interaction ef-
fects can be observed, in general,
when we have multiple electron
emissions at different instances,
which constitute the time corre-
lation effects of the atomic systems[3][4].
In this paper, we investigate

the role of this type of atomic
clocks in detail by tracing the time
dependent state vector of the to-
tal system with the aid of accu-
rate relativistic calculations of atomic
structures and ionization dynamics[5][6].

Keywords: Auger Effect; Autoionization; Post-Collision Interaction; MCDF
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Dispersion relation and plasmon excitation in nanostructures by charged particles. 
 

Gervasoni J. L.1,2 ,Segui S.1, , Arista N. R.2 
 
Centro Atómico Bariloche, 8400 S. C. de Bariloche, Río Negro, Argentina 
 
1  Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET). 
2  Comisión Nac. de Energía Atómica (CNEA) – Instituto Balseiro (Univ. Nac. de 
Cuyo). 
 
 
 
One of the most remarkable feature of  nanostructured materials is that their optical 
response due to plasmon excitation is very sensitive to their geometry and composition. 
The interaction of charged particles with the electron gas of the considered system is 
one of the most used methods to excite and study plasmons. 
In this work we study the similarities and differences arising in these excitations due to 
the interaction of the charged particles with a variety of nanoscopic systems (capillaries, 
wires, tubules, spheres). In particular, we study resonance effects that appear for 
incident particles with given specific trajectories [1-6], an important aspect due to the 
increasing requirement of devices of reduced dimensions for their application in 
different areas. 
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Issue S1, pp. S9-S12 (2004). 
3. Segui S., Gervasoni J. L. and Arista N. R., NIMB B 233, 227-231 (2005). 
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Abstract 

In this talk, I will describe the theory that has been developed to describe kinematically 
complete collision experiments. In such experiments, all the fragments from an atomic 
collision are detected in coincidence with their angles and energies resolved. The technique 
offers both the possibility of a direct determination of the target wave function and 
profound insights into the nature of few body interactions.  What information you extract 
from such an experiment really depends on the kinematics you chose and the target you 
use.  What is measured is the cross section, i.e. the ratio of the number of measured events 
corresponding to the final state fragments being detected at fixed position in space with 
well-defined energies per unit time per unit scatterer as compared to the incident flux.  
Technically, we are talking here about a multiply differential cross section as opposed to 
one where we have integrated over one or more of the fragment co-ordinates.  Integrated 
cross sections can be crude things and you need the full power of a highly differential 
measurement to tease out the delicacies of the interactions.  In the last few years, 
revolutionary advances in experimental techniques and spectacular increases in computer 
power have offered unique opportunities to develop a much more profound understanding 
of the atomic few body problem. I will pay particular attention to recent studies of inner 
shell ionization and processes with two active target electrons 
 

    Fragmentation processes  
             Colm T Whelan 
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THE SOLVATED ELECTRON IN RECENT CLUSTER EXPERIMENTS 
 

Udo Buck 
 

Max-Planck-Institut für Dynamik und Selbstorganisation, Göttingen, Germany 
 

Solvation effects play a crucial role in a number of fields in physics and chemistry. 
One of the most interesting features is the behavior of the excess electron in metal and acidic 
solutions of the hydrogen bonded networks of water and ammonia. Although the effect is 
known for many years, the details of its structure and properties have emerged as one of the 
outstanding problems in chemical physics. To elucidate the microscopic behavior of the 
underlying dynamics, the corresponding properties of clusters are investigated as function of 
their size. In these experiments the size selection is crucial and presents, in particular for 
neutral systems, a special challenge. Therefore many experiments have been carried out with 
negatively charged cluster anions. In this contribution three different experimental 
arrangements and their results will be presented which deal with size selected neutral clusters 
in the special configuration of the solvated electron. The excitation is caused in all cases by 
photons ranging from 0.4 to 6.4 eV 

The measurement of the ionization potential after the excitation of Na doped ammonia 
clusters by photons in the range of 2-4 eV gave the surprising result that the extrapolation to 
the bulk limit does neither agree with the results of the metallic solutions in liquid ammonia 
nor with the results of negatively charged ammonia clusters. The differences are explained by 
the presence and the various distances of the counter ions from the solvated electron [1].  

By means of a new double resonance scheme we extended the infrared spectroscopy 
of completely size selected hydrogen bonded clusters [2] to large Na doped water clusters. 
Here we observe the direct interaction of the H-atoms of the solvent molecules with the 
delocalized electron distribution [3, 4]. Again the results do not agree quantitatively with 
those obtained for water cluster anions.  

Finally, the formation of solvent-separated ion pairs and their photoreactions are 
investigated in photodissociation experiments of HCl and HBr on the surface of large water 
clusters at 193 nm. The results for different isotope distributions are explained by the 
existence of the H3O [5] radical which has been theoretically predicted to be another 
modification of the solvated electron.   
Keywords: solvated electron, hydrogen bonded network, size selected neutral clusters 
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INNER SHELL SPECTROSCOPY AND THE SHAPE OF BIOMOLECULES 
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a Sincrotrone Trieste, in Area Science Park, I-34012 Basovizza (Trieste), Italy, 
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d CNR-Institute of Chemical Physical Processes, Via Moruzzi 1, 56124 Pisa, Italy. 

 Many biological macromolecules are characterized by flexible structures, which allow 
them to assume many different folded shapes. In proteins, the origin of this flexibility can be 
traced to the basic building blocks, amino acids: they generally have low resistance to 
rotational distortion, can assume several shapes (conformers) at ambient temperatures, and 
can form a variety of intramolecular hydrogen bonds. Most information about these gas phase 
(or matrix isolated) conformers has been obtained by microwave, vibrational and laser 
spectroscopic techniques. We are currently exploring the extent to which we can learn about 
the structure of free amino acids by means of core level spectroscopy. 

Eight amino acids (glycine, methionine, proline, alanine, threonine, tyrosine, 
phenylalanine, tryptophan) have been investigated in the gas phase by core level 
photoemission and photoabsorption (NEXAFS) at the C, N and O 1s edges [1]. The 
interpretation of the spectra is supported by calculations of selected spectra, and the 
agreement between theory and experiment is very good. The spectra of glycine and 
phenylalanine are in agreement with published investigations but are better resolved [2, 3]. 

The carbon and oxygen 1s photoemission spectra of all compounds are easily 
assigned. The nitrogen core level spectra of proline, phenylalanine and tyrosine show two 
peaks. In tryptophan there is a second nitrogen atom in the indole ring, but even after 
subtraction of the contribution of this atom, there are two core level states present. In 
addition, the spectra of threonine and alanine show extra broadening compared with glycine. 
Calculations demonstrate that the extra peaks and broadening are due to the presence of 
conformers, but the electronic structure differences giving rise to the core level shifts are 
complex. In a phenomenological approach, we correlate the type of hydrogen bond (amino 
group acceptor or donor) with the core level binding energy. The hydrogen bonding is what 
determines the energy of each conformer. 

In NEXAFS we see no spectroscopic evidence for different conformers, and 
calculations support the view that generally the differences are smaller than in photoemission. 
This appears to be due to a compensation mechanism, whereby both the core hole and 
unoccupied orbital energies shift by a similar amount between one conformer and another, so 
that the transition energy is similar for different conformers. 

Our samples are in equilibrium at a well defined temperature, and core photoemission 
is a quantitative method. This allows us to acquire direct quantitative information about the 
populations of the conformers and thermodynamic quantities, which is more difficult with 
other spectroscopic methods. 
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INTERACTION OF HIGHLY CHARGED CLUSTERS WITH SURFACE 
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 The modern electrohydrodynamic spraying sources allow generating some beams of 
very large and highly charged clusters. Such clusters containing up to 108 -109 molecules have 
a mass up to 109 -1010 amu and a diameter as large as 103 nm. The charge of the clusters 
could reach several 103 e, but with the charge–to–mass ratio not exceeding 10-7 - 10-6 e/amu.  

Due to large size, the Rayleigh condition is not violated and the clusters remain stable 
towards Coulomb explosion despite the large charge.  

When accelerated with a voltage up to  104 V the clusters can acquire a kinetic energy 
of  104 KeV , but a very slow velocity , less than 5·104 cm/sec, which corresponds to ca  10-2 
eV/atom. This velocity is well below the threshold of kinetic electron emission, so the 
impacts of slow highly charged clusters on solid surface cannot cause any electron emission 
of that kind. In the meantime the conditions are favorable for potential electron emission via 
Auger neutralization of the large positive charge.  

It was shown that the impacts of even smaller water – glycerol clusters of  106 -107 
amu charged up to + 3·102e  eject from a metal surface around 120 electrons per cluster [1]. 
The potential emission under larger clusters with 10 times higher positive charge could emit 
from a surface more than 1000 el / cluster.  

It is known that slow highly charged atomic ions, for instance  Xe+44 , approaching a 
non-metal surface cause it sputtering, erosion, and  create on it  some craters and blisters via 
the  mechanism of Coulomb explosion following a cascade Auger neutralization [2]. 

The same mechanism would create analogous features on a non-metal surface under 
impacts of slow large highly charged clusters.   

               
Keywords: Clusters, Highly Charged Particles, Interaction with Surface. 
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ATOMIC COLLISIONS INVOLVING ANTIMATTER 
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In this talk I shall review theoretical developments in positron and positronium scattering 

by atoms. Most promising amongst these is the coupled pseudostate approach. This is 

able to include the main physical processes, and in particular ionization channels, in a 

coherent and consistent way. As a result, a complete picture of all the main processes can 

be obtained. Applications to positron scattering by atomic hydrogen, the alkali metals and 

helium will be shown. Positronium scattering is a much more difficult system to treat 

theoretically since now both the projectile and the target have internal structure. Here I 

shall highlight the role of target excitation, both real and virtual, and how resonances can 

be formed when the atom is capable of supporting a negative ion. Applications to 

positronium scattering by atomic hydrogen, helium, neon and argon will be shown. 

 

Keywords: positron, positronium, pseudostates, resonances 
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IONIZING COLLISIONS BY POSITRONS AND POSITRONIUM IMPACT 

 
G. Laricchiaa, S. Brawleya, D. Cookea, Á. Kövérb , D.J. Murtagha and A. Williamsa 
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bInstitute of Nuclear Research, Debrecen, Hungary (ATOMKI) 

 

Recent progress in the study of positron and positronium induced ionization is 
presented. The focus is on experimental techniques and results, which comprise both 
integral and differential cross-sections [e.g. 1-4]. Measurements for positronium 
formation and direct ionization by positron impact now include Ps formation in an 
excited state [5] and/or excitation of the residual ion [6]. First data, integral and 
differential, on the fragmentation of positronium in collision with helium and xenon 
[7] are also presented. Comparisons with theories and other projectiles are made 
where possible and future prospects are considered. 

 

Keywords: positron, positronium, ionization, fragmentation, excitation 
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POSITRON IMPACT IONIZATION OF ATOMS AND MOLECULES 
 
 

R.I.Campeanu 
 

Department of Physics and Astronomy, York University, Toronto, Canada 
 
 
Positron impact ionization of atoms and molecules has been studied both experimentally  
and theoretically. Most results were reported for hydrogen, rare gas atoms and diatomic 
molecules. 
 
On the theoretical side the study of triple differential cross sections for positron impact 
ionization of H2 and He required the use of a model representing the final state with 3 
Coulomb wave functions [1].   
 
In the study of integrated cross sections for hydrogen and rare gas atoms good agreement 
with the experiments are obtained with a model which represents the final state with only two 
Coulomb or distorted wave functions [2]. This agreement is surprisingly good even at very 
low impact energies [3]. 
 
In the case of diatomic molecules we employed a two-centre distorted-wave formalism. As in 
the case of atoms we obtained very good agreement with the experiments and our models 
containing in the final state only two distorted wave functions. However for the larger 
molecules our model seems to fail to reproduce the experimental data [4]. 
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In order to improve our understanding of the physics of atomic collisions, accurate experimental 
data are needed which can be used as benchmarks for the development of advanced calculations of 
these dynamically developing many-body systems. One of the simplest processes in this field is the 
single ionization of helium by antiproton impact. Here, there is a strong many-body effect, namely 
the electron-electron correlation, but on the other hand there is no complication from electron 
transfer. Furthermore the projectile is heavy which means that it moves in a classical orbit and that 
we can investigate ionization in collisions where the projectile moves with a speed much slower 
than that of the target electrons. At CERN’s LEAR we measured the total cross sections for single 
and multiple ionization of a multitude of targets for impact of antiprotons with velocities down to 
that of the outer electrons in the targets [1,2]. This in turn led to the development of more than a 
dozen advanced theories. These calculations coalesce at high projectile speed, bur shown great 
spread a low projectile energies. In order to judge the validity of these models, we therefore need to 
measure ionization for impact of antiprotons of a few keV. 
 
Using a new technique for the production of intense beams of very slow antiprotons [3] developed 
by the ASACUSA collaboration at CERN’s AD facility, we have been able to obtain accurate cross 
sections for single ionization of helium and single and double ionization of argon down to impact 
energies of 3 keV [4]. In this talk, I will present the technique and the results and compare them to 
the theoretical calculations. 
 
[1] L. H. Andersen, P. Hvelplund, H. Knudsen, S. P. Møller, J.O.P. Pedersen, S. Tang-Petersen, E. 
Uggerhøj, K. Elsener and E. Morenzoni  Phys Rev A41 6536 (1990) 
[2] P. Hvelplund, H. Knudsen, U. Mikkelsen, E. Morenzoni, S. p. Møller, E. Uggerhøj and T. 
Worm  J. Phys. B27  925 (1994) 
[3] N. Kuroda, H. A. Torii, K. Yoshiki Franzen, Z. Wang, S. Yoneda, M. Inoue, M. Hori, B. Juhasz, 
D. Horvath  Phys. Rev. Letters 94 023401 (2005) 
[4] H. Knudsen, H.-P. E. Kristiansen, S. P. Møller, H.D. Thomsen, U. Uggerhøj, T. Ichioka, R. W. 
McCollough, C. A. Hunniford, M. Charlton, N. Kuroda, Y. Nagata, H. Imao, H. Torii, Y. 
Yamazaki, H. H. Andersen, K. Tökesi submitted to Phys. Rev. Letters (2008) 
 
                                                 
* Corresponding author: hk@phys.au.dk  

Invited Talk

52

mailto:hk@phys.au.dk


QED THEORY OF RADIATION EMISSION AND ABSORPTION LINES
FOR ATOMS AND IONS IN A STRONG LASER FIELD

A. Glushkova,b

aInstitute for Spectroscopy of Russian Academy of Sciences (ISAN), Troitsk, 142090,
Russia

bOdessa University, P.O.Box 24a, Odessa-9, Ukraine

A consistent QED approach [1], [2] is applied to studying the interaction of the
atoms and ions of plasma with an intense electromagnetic (laser) field. Method bases on
description of atom in a field by the k- photon emission and absorption lines. The lines
are described by the QED moments of different orders, which can be calculated with the
use of the Gell-Mann and Low S-matrix adiabatic formalism (T=0). In relativistic version
the Gell-Mann and Low formulae expresses an imaginary part of the energy shift ImE
through the QED scattering matrix, including interaction of atom with electromagnetic
field and field of the photon vacuum. We present QED S-matrix energy formalism (T 6= 0)
for calculation of the spectral lines shape in dense plasma. For any atomic level we
calculate ImE(w) as function of the laser pulse central frequency w(resonant curve).
We calculate the moments for resonance, connected with concrete atomic a-p transition
(a,p-discrete levels; k photons is absorbed). To calculate the moments we need to get the
expansion of E into the perturbation theory series. Numerical modelling carried out for
H- and Ar-like plasma.QED approach to description of radiation atomic lines for atoms
and ions in plasma is generalized on a case of the confined atomic systems, including a
case of the Debye approximation.
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X-RAY SPECTROSCOPY OF HIGHLY-CHARGED HEAVY IONS
AT FAIR

A. Gumberidze
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The new international accelerator Facility for Antiproton and Ion Research (FAIR)
at GSI has key features that offer a range of new opportunities in atomic physics and
related fields [1]. The proposed facility will provide the highest intensities of relativis-
tic beams of both stable and unstable heavy nuclei, in combination with the strongest
possible electromagnetic fields, thus allowing to extend atomic spectroscopy virtually up
to the limits of atomic matter. In the current contribution, an overview of the x-ray
spectroscopy program within the atomic physics research collaboration SPARC (Stored
Particle Atomic Research Collaboration), at the FAIR facility will be given. These activ-
ities comprise, among others, the investigation of relativistic collision dynamics, electron
correlation in the presence of strong fields, the test of Quantum Electrodynamics in
extremely strong electromagnetic fields, the use of atomic physics techniques for the
determination of properties of stable and unstable nuclei, and ideas to test the predic-
tions of fundamental theories besides Quantum Electrodynamics [2]. The state of the art
x-ray spectroscopy will be of key importance for realization of these challenging goals.
The world-wide unique experimental conditions and opportunities offered by the future
FAIR facility will be combined with advanced x-ray detection devices (i.e. large-area,
segmented solid-state detectors, high-resolution crystal spectrometers, calorimetric de-
tectors etc).
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ULTRA-COLD ELECTRON TARGET FOR RECOMBINATION EXPERIMENTS  
AT THE NEW EXPERIMENTAL STORAGE RING, NESR  

 
Christophor Kozhuharov 
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GSI Darmstadt, Germany 
 
The new experimental storage ring, NESR, will provide both intense beams of highly-
charged stable nuclei up to bare uranium as well as beams of exotic radioactive nuclei from 
the super fragment separator, SFRS. Within the SPAR Collaboration, we are planning to 
furnish the NESR with an ultra-cold electron target. It will be operated independently from 
beam cooling tasks and will be optimized with respect to high resolution and sensitivity for 
future experiments on photo recombination. The two main objectives of these are: (i) precise 
studies of ionic structures with an emphasis on QED-Effects and (ii) studies of the nuclear 
properties—such as isotope shift—with atomic physics methods. The first case will focus on 
H-like and/or on few-electron high-Z ions, such as Li-like ones. Pioneering experiments have 
been performed at ESR in Darmstadt and at TSR in Heidelberg [1,2,3]. Envisaged are 
experiments on QED effects in overlapping resonances in H-like uranium [4]. The second 
physics case will focus on Li and Be-like chains of heavy isotopes; both stable as well as 
long-lived ones (> 10 sec). The potential of this method has been investigated in a first pilot 
experiment studying the isotopic shift of Li-like 142Nd57+ versus 150Nd57+. As depicted in Fig. 
1 the data show a clearly pronounced shift of the DR resonances studied [5].  

 
 
Figure 1:  
Dielectronic recombination of the  
Li-like neodymium isotopes  
142Nd57+ (black line) and 150Nd57+ (grey 
line) in the energy range of the  
1s2 2p1/2 18lj' resonance groups. 
Background contributions from  
non-resonant radiative recombination 
and from capture in the residual gas 
have been subtracted.  
The labels indicate the individual fine 
structure components j' of the n = 18 
Rydberg electron. 
 

The anticipated low electron temperature in the new target and the stability of the ion energy 
due to the separate dedicated ion cooling will lead to an energy resolution of at least an order 
of magnitude better than the ESR one. This narrow response will improve by the same factor 
the signal to background ratio and will lead to an excellent performance in measuring the 
position, the area and the line shape of DR resonances. The good energy resolution will be 
achieved by adiabatic expansion and adiabatic acceleration of the electron beam. Further 
details of the technical concept will be presented as well.  
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Recent theoretical progress in studying

x–ray emission from highly–charged, heavy ions

A. Surzhykova, S. Fritzscheb,c and Th. Stöhlkera,b
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The photon emission from highly–charged, heavy ions has been in the focus of intense
experimental studies at the GSI facility for many years. While these studies have already
revealed unique knowledge about the electron-electron and electron-photon interaction
in the presence of strong fields [1], there are further challenges to be faced in forthcoming
years. For instance, the angular and polarization properties of characteristic x–rays
following relativistic ion–atom collisions are to be explored in detail within the framework
of the SPARC collaboration [2]. In this contribution, we summarize the recent advances
in the theoretical description of the photon emission from relativistic, high–Z ions [3, 4].
Special attention will be paid to the Kα transitions in the helium–like uranium U90+ ions
produced by means of radiative (RR) as well as dielectronic (DR) recombination. The
results obtained for such capture processes will be also compared with the theoretical
predictions for the characteristic radiation following Coulomb excitation of initially two–
electron projectiles [5].
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HIGH POWER LASERS AND X-RAY LASERS FOR EXPERIMENTS
WITHIN SPARC COLLABORATION

D. Ursescua

aLasers Department, Atomistilor 409, Magurele, National Institute for Lasers, Plasma
and Radiation Physics, Romania

Within SPARC collaboration, the experiments connected to lasers cover a broad
range. An overview of these experiments will be made. Further, few examples will
illustrate recent progress at GSI in laser spectroscopy with infrared lasers [1] and with
X-ray lasers [2] and also preliminary experiments related to ions in intense laser fields
in an electron beam ion trap (EBIT) [3]. The long term road map for ultrashort and
ultra intense laser developments at INFLPR, relevant to SPARC experiments, will also
be presented.

Keywords: SPARC; lasers

References
[1] R. Sanchez, W. Nortershauser, G. Ewald, D. Albers, J. Behr, P. Bricault, B. A. Bushaw, A. Dax, J.

Dilling, M. Dombsky, G. W. F. Drake, S. Gotte, R. Kirchner, H.-J. Kluge, Th. Kuhl, J. Lassen, C.
D. P. Levy, M. R. Pearson, E. J. Prime, V. Ryjkov, A. Wojtaszek, Z.-C. Yan, and C. Zimmermann,
Phys. Rev. Lett. 96 (2006) 033002

[2] T. Kuehl, D. Ursescu, V. Bagnoud, D. Javorkova, O. Rosmej, K. Cassou, S. Kazamias, A. Klisnick,
D. Ros, P. Nickles , B. Zielbauer, J. Dunn, P. Neumayer, G. Pert, Lasers and Particle Beams 25(1)
(2007) 93-97.

[3] D. Schneider , J. McDonald, B. Zielbauer, D. Ursescu, U. Spillmann, Th. Stoehlker, T. Kuehl, T.
Schenkel, G. Andler, E. Lindroth, and R. Schuch, Nuclear Instruments and Methods in Physics
Research B 261 (2007) 239243

SPARC

57



Reaction Microscopes in heavy-ion storage rings - results and prospects 
 

D. Fischer 
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Reaction Microscopes become a standard tool to investigate the dynamics of atomic 

and molecular break-up processes [1]. With this technique kinematically complete data sets 
can be obtained by the momentum resolved and coincident detection of all charged fragments 
of an atom or molecule produced in single collisions with electrons, ions, single photons, or 
in strong laser fields. Recently a Reaction Microscope has been operated for the first time in a 
heavy-ion storage ring, the ESR at GSI in Darmstadt (Germany). The ESR provides excellent 
experimental conditions w.r.t intensity and emittance of the ion beam and thus, in 
combination with a Reaction Microscope, represents the ideal tool to obtain highly 
differential information on fundamental HCI-atom collision processes. 

The results of first experiments on target ionization and charge transfer in collisions 
of highly charged projectiles ranging from 13 AMeV U92+ to 400 AMeV Ni28+ with He, Ne, 
and Ar targets will be presented. Future experiments are planned to study e.g. radiative and 
non-radiative charge transfer reactions where also photons are detected in coincidence. 
Furthermore, simultaneous ionization of target and projectile shall be investigated to obtain 
insight into the dynamics of collision induced electron emission from HCIs. 
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T->V, R ENERGY EXCHANGE FOR INELASTIC COLLISIONS OF COLD 
MOLECULES IN THE SYSTEM CsBr + CsBr 

 
V.M. Azriel, L.Yu. Rusin 

 
Institute of Energy Problems of Chemical Physics RAS, 
Leninski prospect 38, Bldg.2, Moscow 119334, Russia 

 
Dynamics of the conversion of translational energy into internal energy of the 

molecules in the system CsBr + CsBr has been investigated by classical trajectory technique 
for based initial vibrational and rotational states of both molecules (V=0 and J=0). It was 
found that relative efficiencies of T->V and T->R energy exchange depend significantly on 
collision energy. At Erel=0,2 eV (see figures 1,a and 1,b) the final distribution of vibrational 
energy of molecules is characterized by higher temperature in comparison with distribution 
of rotational energy. At increase Erel up to 1,0 eV, on the contrary, distribution of rotational 
energy has higher temperature (figures 1,c and 1,d). 
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Fig. 1. Histograms of distributions of vibrational (a, c) and rotational (b, d) energies of the molecules CsBr 
after collision at Erel=0,2 eV (a, b) and Erel=1,0 eV (c, d). 
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IONIZATION OF METASTABLE THALLIUM ATOMS 
 

I.I. Shafranyosh, V.I. Marushka, R.O. Fedorko,  
T.A. Snegurskaya, V. Perehanets 

 
Uzhgorod National University, Department of Physics,  
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The processes of electron-impact ionization of atoms from the metastable states play an 
important role in technological and natural plasmas due to the large effective ionization cross 
sections and low energy thresholds. At the same time the data on the regularities of the 
processes of ionization from the metastable states are available only for a limited number of 
elements, which is due to the experimental difficulties of such investigations. 

Here we report on the results of experiments on the metastable Tl atom ionization by 
electrons. Tl atom provides a unique possibility of experimental studies of ionization 
processes from the initial states differing by the total momentum only. The ground-state term 
of Tl atom is the doublet one with the 6s26p 2Р3/2 і 6s26p 2Р1/2 components. In natural 
conditions, Tl atom is in the 6s26p 2Р1/2-state, while the 6s26p 2Р3/2-state is metastable (with 
excitation energy 0.966 eV). 

Our studies were carried out in the conditions of electron and atomic beams crossed at the 
right angle. A five-electrode electron gun was used as the electron beam source. Electron 
beam current was 1–2 µА at the energy spread of ΔE1/2 ≈ 0.3 еВ (FWHM). Energy scale was 
calibrated with respect to the ground-state Tl atom ionization threshold with the accuracy 
± 0.15 еВ. Electron gun was placed in the longitudinal magnetic field with the 1.2⋅10-2 Tl 
induction that prevented scattered electrons to reach the probe. Ion detecting system operated 
in the analog mode. The beam of metastable Tl atoms was produced using the discharge 
technique. Metastable atom concentration was determined by a single-mirror method 
according to the self-absorption of the spectral lines and amounted to 4⋅109 cm-3 for the 
metastable 6s26p 2Р3/2 and 6⋅1010 cm-3 for the ground-state 6s26p 2Р1/2 Tl atoms. An atomic 
beam divergence angle was ~ 8.7⋅10-2 rad. Experimental layout and technique are described 
in detail in our previous paper [1]. 

Completeness of the positive ion collection was provided by the ion collector with an axial 
electrode (probe) held at the negative potential. It has been found that at –25 V potential the 
ion current at the probe was saturated. 

As a result of experimental studies, the absolute value of the total ionization cross section 
for the metastable Tl atoms was determined to be ~3.5⋅10-15 cm2 at the incident electron 
energy 12 eV (i.e. at the point of optimal signal to noise ratio). The total ionization cross 
section for the ground-state atoms at the same energy is ~0.25⋅10-15 cm2. The relative 
uncertainty in determining the cross section values did not exceed 60%. Thus, at the 12 eV 
electron energy the ionization cross section for the metastable 6s26p 2Р3/2-state appeared to be 
14 times larger than that for the ground 6s26p 2Р1/2-state.  
 
Keywords: Thallium Atom; Ionization; Metastable State; Cross Section. 
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EXTRACTING INTERACTION PARAMETERS FROM NEAR

THRESHOLD EXPERIMENTS

P. A. Macria and R. O. Barrachinab

aDepartamento de F́isica, FCEyN, Universidad Nacional de Mar del Plata, Deán Funes
3350, 7600 Mar del Plata, Argentina

bCentro Atómico Bariloche and Instituto Balseiro , R8402AGP S. C. de Bariloche, Ŕıo
Negro, Argentina

We analyze and compare different methods to extract, from experiments, scattering
parameters such as polarizability, scattering length and effective range. For example,
different generalizations of O’Malley et al.’s modified effective range theory [1], such
as Fabrikant’s approach [2] or the multi channel theory of Watanabe and Greene [3]
have been extensively used in the literature to fit the experimental data of electrons or
positrons interacting with atoms and molecules.

In a previous work [4], we showed that near-
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Fig. 1. S-wave cross-section σ22 for elastic
positronium-proton scattering. Triangles, com-
putation of [5]; circles, [6]; full line, present fit.

threshold cross sections can be understood con-
sidering two factors: i) the Wigner threshold
law and ii) the Jost function for the interaction
between those two particles which move with
low relative energy after the reaction. Specifi-
cally, all what is needed to know by forehand is
the behavior of the potential tail. The method
allows to determine a characteristic distance
R where the asymptotic behavior starts to be
effective. Once R is determined, all scattering
parameters are determined through the corre-
sponding `-wave Jost function. In this commu-
nication, we demonstrate that this approach
shows a significant improvement over other
methods on a much broader range of energies.
We discuss the applicability of this method for
extracting information on low-energy electron or positron interactions with atoms and
molecules. For example in Fig 1. we show a fit using the present approach to highly
accurate ab-initio computations of Refs. [5] and [6] for elastic proton-Positronium colli-
sions. Our fit succeeds to explain the cross section in a broad energy domain and allows
us to obtain a scattering length for the proton-Positronium interaction of a0 = 15.9 au
in fully agreement with the ab-initio computations.

Keywords: low energy collisions; scattering length; effective range

References

[1] T. F. O’Malley, L. Spruch and L. Rosenberg, J. Math. Phys. 2 (1961) 491.
[2] I. I. Fabrikant, Opt. Spectrosc. (USSR) 53 (1982) 131.
[3] S. Watanabe and C. H. Greene, Phys. Rev. A 22 (1980) 158
[4] P. A. Macri and R. O. Barrachina, Phys. Rev. A 65 (2002) 062718.
[5] T. T. Gien, Phys. Rev. A 56 (1997) 1332.
[6] J. W. Humberston et al J. Phys. B 30 (1997) 2477.

We-3

61



LOW-ENERGY ELECTRON SCATTERING FROM CALCIUM 

 

S. Gedeon and  V. Lazur 

 

Department of Theoretical Physics, Uzhgorod National University, 88000, Ukraine 

 

     The B-spline R-matrix method (BSR) [1] is used to investigate the integrated cross sec-

tions (ICS) of elastic electron scattering from neutral calcium in the ultra-low energy range 

from threshold to 0.5 eV. The close-

coupling expansion includes 39 bound states 

of neutral calcium, covering all states from 

the ground state to 4s8s 
1
S (see details in  

[2]). 

     Fig. 1 compares the total and partial elec-

tron-impact cross sections from Ca in the 

ultra-low energy region, calculated in two 

different R-matrix approaches: the present 

BSR method and R-matrix with pseudostates 

method (RMPS) [4]. As seen from Fig. 1, 

basic difference between the cross sections 

in two R-matrix approaches comes mainly 

from the dominated 
2
P

o
 partial wave. In the 

same time, partial cross sections for the 
2
S

e
 

and 
2
D

e 
partial waves in these two methods 

practically coincide. Fig. 1 also shows the 

comparison of total BSR39 and RMPS cross 

sections with experimental data of Ro-

maniuk et al [3]. 

     Fig. 2 compares the 
2
S

e
, 

2
P

o 
and 

2
D

e
 par-

tial eigen-phases of electron-impact scatter-

ing from Ca at low energies region between 

most recent calculations: BSR39 (the pre-

sent calculation), RMPS [4] and method of 

static-exchange formalism [5]. Again, the 

largest discrepancy between different 

method was found for  
2
P

o 
 partial wave. 
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Fig. 1. The total and partial electron-impact cross 

sections from Ca: (●) – experiment [3]; (––––) – 

BSR39;  (- - - - ) – RMPS [4]. 
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Angular distribution of x-ray satellites following the

dielectronic recombination of high-Z ions

S. Fritzschea,b, N. M. Kabachnika,c, A. Surzhykovd and Th. Stöhlkera,d

a Gesellschaft für Schwerionenforschung (GSI), D–64291 Darmstadt, Germany
b Max-Planck-Institut für Kernphysik, D–69029 Heidelberg, Germany

c Institute for Nuclear Physics, Moscow State University, Moscow 119991, Russia
d Physikalisches Institut, Universität Heidelberg, D–69120 Heidelberg, Germany

The angular distribution of the x-ray satellites, following the dielectronic recombina-
tion of high-Z hydrogen-like and lithium-like ions, is considered in the framework of the
density matrix theory. Emphasis has been placed especially on the influence of higher
multipoles in the coupling of the radiation field to the x-ray emission of the doubly-
excited ions. A strong interference effect is shown between the electric-dipole (E1) and
magnetic-quadrupole (M2) contributions that increases rapidly with the charge of the
ions. Results are shown for the 1s → (2lj)(2l′j′) dielectronic recombination of initially
hydrogen-like ions and the angular distribution of their subsequent x-ray photon emission
into the 1s2s J = 0, 1 and 1s2p J = 0, 1, 2 fine-structure levels. Moreover, first com-
putations have been carried out for the doubly excited states of (finally) berullium–like
projectiles. The theoretical results are compared also with experiment as far as data are
available. These investigations extent a number of previous theoretical and experimental
case studies on relativistic collisions of highly-charged ions with electrons and various
gas targets [1, 2].

Keywords: characteristic radiation; dielectronic recombination; relativistic ion-electron collisions
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RESONANT AUGER DECAY OF AR 2p HOLE INDUCED BY
ELECTRON IMPACT

M. Žitnika, M. Kavčiča, K. Bučara, B. Paripásb, B. Palásthyb, K. Tőkésic

aJ. Stefan Institute, Jamova 39, P.O.B. 3000, SI 1000, Ljubljana, Slovenia
bDept. of Physics, University of Miskolc, 3515 Miskolc-Egyetemváros, Hungary

cInstitute of Nuclear Research of the Hungarian Academy of Science (ATOMKI),
H-4001 Debrecen, P.O. Box 51, Hungary

The kinetic energy region of L-MM transitions in Ar extends from 200-214 eV and
was studied extensively in the past by coincidence and noncoincidence techniques as well
as by electron, photon and ion impact experiments ([1] and ref. therein). Up to 207 eV,
one finds the ’normal’ Auger lines, multiplets 1S0,

1D2 and 3P0,1,2 which originate from
Auger decay of an ion: Ar+ [L2,3] −→ Ar2+ [M2,3M2,3] + e and appear as soon as the
energy deposited in the atom exceeds 248.628 eV (L3 hole) and 250.776 eV (L2 hole) [2].
A series of singly excited atomic states [2p3/2,1/2]nl, where l is restricted to s and d in
the dipole (photon impact) approximation, approach the corresponding thresholds from
below. In decay of these atomic states the so-called resonant Auger electrons are released
with energies lying mainly in the upper part of the L −MM kinetic energy region and
after the decay, argon is usually left in one of the singly excited final ionic states [3p2]n′l′.

A considerable amount of studies using high resolution spectroscopy was done in the
realm of photo-induced resonant Auger transitions [3] and final valence satellite states
build on a double 3p hole in argon [4]. Fully isolated resonant Auger spectra were
measured for [2p3/2]4s, 3d, 4d, 5d and [2p1/2]4s resonances and the results were compared
to the calculated decay probabilities. However, systematic studies of electron impact
induced Auger resonant spectra are not reported so far. Since the resonant lines appear
only in a narrow range of the electron energy loss, in the non-coincidence experiment
they are obscured by the much stronger normal Auger lines (or by the signal from the
cascade Auger or double L-hole Auger decay) and the lines which originate from different
resonances may overlap between themselves. Clearly, an (e,2e) measurement is needed
to measure the Auger spectrum of the selected resonance and, since the signal is weak, a
highly efficient coincidence detection of both electrons is required [5]. Another interesting
aspect unavoidably present in photon or electron impact experiments of this kind, is a
possibility of interferences. In this work, we present our recent results related to the
electron impact induced resonant Auger emission of argon 2p hole.

Keywords: (e,2e) experiment; Argon; Resonant Auger emission.
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PROPERTIES OF AUGER ELECTRONS FOLLOWING EXCITATION

OF POLARIZED ATOMS BY POLARIZED ELECTRONS

A. Kupliauskienė, V. Tutlys

Institute of Theoretical Physics and Astronomy of Vilnius University, A.Goštauto 12,
LT-01108 Vilnius, Lithuania

Auger decay following excitation of atoms by electrons is a powerful tool for the in-
vestigation of matter and interactions. The excited atom can ’remember’ the direction of
polarization of the incident electron or photon and the following Auger electron may have
a nonisotropic angular distribution [1]. In two-step approximation, the general expres-
sion of the differential cross section describing the polarization and angular distribution
of Auger electrons following the excitation of polarized atoms A(α0J0M0) by polarized
electrons e−(p

1
m1) can be written in the form of the expansion over the multipoles of

the non registered intermediate state of an excited atom A(α1J1M1) by using the method
proposed in [2] as follows:

d2σ(α0J0M0p1m1 → α1J1p2m2 → α2J2M2p2m2pA
m

A
)

dΩ
e
dΩ

A

=

=
∑

K1N1

dσex

K1N1
(α0J0M0p1m1 → α1J1p2m2)

dΩ
e

dW r

K1N1
(α1J1 → α2J2M2pA

m
A
)

dΩ
A

.

The expressions for the first and second terms are presented in [3] and [4], respectively.
The general expression represents the most general case of the cross section describ-

ing the polarization of all particles participating in the two-step process and angular
distributions as well as angular correlations of scattered and Auger electrons in the final
state. These general expressions can be used to derive more simple expressions applicable
for the specific experimental conditions with less number of polarization states specified.
Some special cases suitable for the specific conditions are studied as more simple cases
of the general expression. These cases are: the angular distribution of Auger electrons
following excitation of non polarized atoms by non polarized electrons, angular correla-
tions between Auger and scattered electrons following excitation of non polarized atoms
by non polarized electrons, magnetic dichroism in the angular distribution and the total
cross section of Auger electrons following excitation of polarized atoms by non polarized
electrons. For other experimental conditions, the expressions can be easy obtained by
using the general expression derived in the present work as well.

Keywords: Electron-impact excitation of atoms; Angular distributions; Polarization; Auger electrons
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FLUORESCENCE OF POLARIZED ATOMS EXCITED BY POLARIZED

ELECTRONS

A. Kupliauskienė

Institute of Theoretical Physics and Astronomy of Vilnius University, A.Goštauto 12,
LT-01108 Vilnius, Lithuania

The radiation is an important source of the information about the processes taking
part in laboratory and astrophysical plasmas. The excitation of atoms by electrons is one
of the most important processes following which the fluorescence radiation is emitted.
The process of the radiation with the wave vector k01 and polarization unit vector ε̂

q

emitted following the excitation of polarized atom A(α0J0M0) by polarized electron p1m1

can be written as follows:

A(α0J0M0) + e(p
1
m1) → A

∗(α1J1M1) + e(p2m2) → A(α2J2M2) + e(p2m2) + hν(ε̂
q
k01).

In two-step approximation, the general expression of the differential cross section de-
scribing fluorescence radiation following the excitation of polarized atoms by polarized
electrons can be written in the form of the expansion over the multipoles of the non reg-
istered intermediate state of an excited atom A(α1J1M1) by using the method proposed
in [1] as follows:

d2σ(α0J0M0p1m1 → α1J1p2m2 → α2J2M2ε̂q
k01)

dΩ
e
dΩ

f

=

=
∑

K1N1

dσex

K1N1
(α0J0M0p1m1 → α1J1p2m2)

dΩ
e

dW r

K1N1
(α1J1 → α2J2M2ε̂q

k01)

dΩ
f

.

The expressions for the first and second terms are presented in [2] and [3], respectively.
The general expression is suitable to describe the polarization state as well as the

angular distributions of all particles taking part in the process in both initial and final
states. A number of more simple expressions suitable for the specific experimental con-
ditions are derived as special cases of the general one. In the case of the excitation of
non polarized atoms by non polarized electrons, the cross section describing the angu-
lar distribution of fluorescence radiation as well as the angular correlations between the
scattered electrons and fluorescence photons are obttained. In the case of the excitation
of polarized atoms by non polarized electrons, the expression describing the magnetic
dichroism in the angular distribution of fluorescence radiation as well as in the total
cross section are also derived. The alignment parameters of excited Na and K atoms and
polarization degree of radiation from the lowest autoionizing states np5(n + 1)s2 2P3/2

following the excitation of non polarized Na and K atoms by non polarized electrons are
calculated. The calculated in DW approximation alignment parameters for the K atoms
excited to the state 3p54s2 2P3/2 by electrons are in good agreement with experimental
data in the case of projectile electron energies greater than 50 eV.

Keywords: Electron-impact excitation of atoms; Angular distributions; Fluorescence
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[1] A. Kupliauskienė, Lithuanian J. Phys. 44 (2004) 17.
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MODELLING ELECTRON KINETICS IN BF3
 

O. Šaši�1,2, Z. Raspopovi�1, Ž. Nikitovi�1, V. Stojanovi�1 and Z. Lj. Petrovi�1 

 

1 Institute of Physics, POB 68, 11080 Belgrade, Serbia  
2 Faculty of Transport and Traffic Engineering, University of Belgrade, Belgrade, Serbia  

In this paper we used the available data [1] for electron impact scattering cross sections 
for electrons in BF3 to calculate the transport coefficients for electrons. Monte Carlo 
simulation was used to perform calculations calculating transport coefficients as well as 
rate coefficients in DC electric fields, crossed electric and magnetic DC fields and RF 
fields.  
Cross section sets were compiled and tested against the swarm data and transport 
coefficients were calculated and measured for DC and RF fields [2].  We have also tested 
how transport coefficients are affected by the presence of radicals such as F or the 
molecule F2. 
Calculations were performed by using our Monte Carlo technique for electron (and also 
ion and fast neutral) transport involving either time integration method or null collision 
method.  Both approaches have been verified on basic swarm benchmarks [3, 4].  
Our Monte Carlo simulation is initiated by 500000 electrons with the initial Maxwellian 
electron energy distribution function with mean energy of 1eV. Gas number density was 
3.54*1022 m-3 and phase between electric and magnetic field was �/2. 
The presently derived set of data provides a basis for a complete plasma model 
implantation by using BF3 containing plasmas. Such data are the foundation for 
development of computer aided design of plasma devices and should include: electron 
scattering cross sections, DC electron transport data for E and ExB fields, ion-molecule 
reactions and excited state collision data. 
 
Keywords: BF3, transport coefficients, E, ExB fields. 
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STUDY OF THE ELECTRON-ELECTRON CORRELATION VIA
OBSERVING THE TWO-ELECTRON CUSP

L. Sarkadi and A. Orbán

Institute of Nuclear Research of the Hungarian Academy of Sciences (ATOMKI),
H-4001, Debrecen, Hungary

In this report we present experimental data for electron-electron correlation in atomic
collisions, investigating the process of the two-electron emission with velocity vectors
equal to that of the projectile. By observing the two-electron cusp the study of the
threshold phenomenon for two-electron break-up is possible. It is a particulary interesting
question whether the outgoing charged projectile can attract the two repulsing electrons
so strongly that the two-electron cusp is formed. If it is so, a further question arises: Are
the two electrons correlated as it is predicted by the Wannier theory [1]?

In our experiment, carried out at the 1.5 MV VdG accelerator of ATOMKI, the two-
electron continuum states were populated in 100 keV He0 + He collisions following the
mutual ionization of the target and projectile. The process was identified in a triple
coincidence measurement by the simultaneous detection of the two ejected electrons
and the outgoing charge-state analyzed projectile. The energies of the electrons were
determined with our new time-of-flight (TOF) electron spectrometer [2].

In Fig. 1a we present the contour plot of
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Fig. 1. Contour plots of FDCS as a function of
the electron energies obtained at 0◦ in 100 keV
He0+He collisions. Part (a): Measured FDCS.
Part (b): Uncorrelated electron emission.

our measured fourfold differential cross section
(FDCS). For a comparison, in Fig. 1b we dis-
play the corresponding data for uncorrelated
electron pair emission. These latter data were
synthesized artificially, generating the energies
of the electron pairs by two independent dou-
ble coincidence experiments. Fig. 1a clearly
shows the correlation between the energies of
the two electrons. In order to see whether our
data reflect the 180◦ angular correlation of the
electrons predicted by the Wannier theory, we
carried out a Monte Carlo simulation. In the
simulation we supposed that the two electrons
are emitted isotropically with 180◦ angular correlation, and we took into account the de-
tection conditions of the electrons (acceptance angles), the time resolution and the finite
size of the beam and target. The results of the simulation show similar behavior of the
energy sharing between the electrons as our measurement. The strong energy correlation
observed in the experiment can be explained by an angular correlation of 180◦ in the
projectile-centered reference system: The correlation between the low- and high-energy
emission in the laboratory system corresponds to that between backward and forward
emission in the projectile frame.

Keywords: electron correlation; electron cusp; Wannier threshold theory
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POST-COLLISION INTERACTION AFTER ELECTRON IMPACT MEASURED BY 
(e,2e) COINCIDENCE TECHNIQUE 

 
B. Paripás and B. Palásthy 

 
Department of Physics, University of Miskolc, 3515 Miskolc-Egyetemváros, Hungary 

 
 Auger electron lineshapes after electron impact inner shell ionization of argon is studied 
by (e,2e) coincidence technique. Emitted Auger electrons are detected in coincidence with the 
ionizing high energy scattered electrons. The energy of the PCI inducer low energy ejected 
electron is calculated from energy conservation. Regarding that the very low energy electrons 
can cause a significant PCI effect, the cases when the scattered electron takes nearly the 
whole excess energy were studied.  

Our previous measurements were 
made at 500 eV primary energy. In 
this case the excess energies above 
the ionization potentials of the L3 
and L2 inner shells are 251.4 eV 
and 249.2 eV, respectively. At 250 
eV coincidence condition (i.e. the 
detected scattered electrons have 
250 eV energy) the PCI inducer 
electrons ejected from the L3 and 
L2 shells have 1.4 eV and -0.8 eV 
nominal kinetic energy, 
respectively. (The ≈1.2 eV energy 
spread (HWHM) of the analyzer 
system makes still possible their 
detection.) We found [1] good 

agreement between the calculated and the experimental results, except for the near threshold 
intensities of the Auger peaks originating from the L2 (2p1/2) inner shell ionic state. This discrepancy 
is caused by the 2p1/2→3d and 2p1/2→4d inner shell excitations which produce lines (resonant Auger 
lines) close to the triplet diagram line at about 207 eV. 

We started a more sophisticated study at lower primary energy (350 eV) where better energy 
resolution can be achieved. Here the excess energies (101.4 eV and 99.2 eV for the two 
subshells) result approximately the half energy spread of the analyzer system. Due to this we 
can avoid the appearance of the resonant Auger lines in the coincidence spectrum even in the 
vicinity of the threshold. Without these disturbing lines the effect of PCI can be more precisely 
evaluated. 
 
Keywords: (e,2e) experiment, Argon, PCI 
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Fig. 1. The Auger electron spectrum of Ar measured in 

coincidence with 250 eV scattered electrons at 500 eV primary 
electron energy 
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INTERPLAY OF INITIAL AND FINAL STATES FOR (e, 3e) AND (γ, 2e)
PROCESSES ON HELIUM

L.U. Ancarania, G. Gasaneob, F.D. Colavecchiac and C. Dal Cappelloa

aLaboratoire de Physique Moléculaire et des Collisions,
Université Paul Verlaine - Metz, 57078 Metz, France

bDepartamento de F́ısica, Universidad Nacional del Sur and CONICET,
8000 Bah́ıa Blanca, Buenos Aires, Argentina

cCentro Atómico Bariloche and CONICET, 8400 S. C. de Bariloche, Rı́o Negro,
Argentina

The theoretical study of the double ionization of helium by electron impact ((e, 3e)
experiments) allows one to gain information on correlated systems [1]. Since no exact
wave function is known for either the scattering or the bound states, approximate wave
functions are used, and (e, 3e) cross sections on helium obtained with different theoretical
description of the initial and final states are not in agreement with each other. Moreover,
when these are compared with absolute experimental data, a rather confusing picture
emerges; this is the subject of many recent studies (as discussed and summarized in
[2]). It has been mentioned throughout the literature (see, e.g., [3]) that a balanced
description of the initial and final two-electron states may play a key role in reproducing
experimental (e, 3e) data. This issue is investigated here with a systematic study of
double ionization cross sections of helium, by both electron and photon impact.

For (e, 3e) processes, calculated differential cross sections can be compared with the
high energy absolute experimental data [4]. The two electrons ejected in the final channel
at equal energy (10 eV) are modeled here with the ”pure” C3 (or BBK) wave function [5].
For the initial channel we consider different sets of double bound wave functions with only
angular correlation or with both angular and radial correlation. The comparison with
the measurements allows us to see which of them are balanced when describing (e, 3e)
processes. Moreover, the photon impact (γ, 2e) cross sections calculated in different
gauges and with the same set of initial and final channel wave functions, indicate whether
the wave functions are really ”balanced” or not.

Our study of the (γ, 2e) gauge discrepancies shows that the agreement with absolute
(e, 3e) experimental data at 10+10 eV ejected energy obtained with simple initial states
is fortuitous and can hardly be attributed to a balanced description with respect to the
final state. This result is further confirmed by an investigation of the ejected energy
dependence. Moreover, it seems that the approximate C3 wave function is not suitable
to describe sufficiently well the double continuum of two electron ejected at 10 eV.

Finally, new theoretical studies and experimental data are clearly needed to help
understanding the interplay of initial and final states in double ionization processes.

Keywords: (e, 3e); (γ, 2e); correlation
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5HIHUHQFHV>�@�$�*RPRQDL��(�2YFKDUHQNR��$�,PUH��<X�+XW\FK� 1XFO��,QVWU��DQG�0HWK��LQ�3K\V��5HV��% �������������� ± ����>�@�0�$VODP�%DLJ��,VKDT�$KPHG��-�3�&RQQHUDGH��-� 3K\V� %��$W��0RO��2SW��3K\V���� ��������� ± ���>�@ '�.LOEDQH��-�3�0RVQLHU��(�7�.HQQHG\��-�7�&RVWHOOR��3�YDQ�.DPSHQ��-��3K\V��%��$W��0RO��2SW��3K\V��������������±����

)LJ���� (QHUJ\�GHSHQGHQFH�RI�WKH�QHDU�WKUHVKROGHOHFWURQ�LPSDFW�H[FLWDWLRQ�FURVV�VHFWLRQIRU�,Q� UHVRQDQFH�OLQH
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MECHANISM INVESTIGATION IN COLLISION OF CLOSED ELECTRON SHELL       
                                         ATOMIC PARTICLES 
 
   R.Lomsadze,  M. Gochitashvili, B.Lomsadze, N.Tsiskarishvili, O.Taboridze. 
 
 
      Tbilisi State University, Department of Exact and Natural Sciences, Georgia. 
 
 
 
In the present work absolute cross sections for charge exchange, ionization, stripping and 
excitation have been measured for K+ ions colliding with  He and Ne atoms at laboratory 
energies of 0.7 – 10 keV. The experimental techniques include condenser plate methods, 
angle- and energy-dependent collection of product ions, energy-loss and optical spectroscopy. 
The experimental data and the rules of constructing the correlation diagram are used to 
discuss the detailed mechanisms in these collisions. It is shown that in each case the charge 
exchange is caused by capture of an electrons to the ground state of the atom  In K+ He 
collisions, corresponding quasimolecular terms are populated through 1Σ -1Σ transitions in 
nonadiabatic regions An interaction of inelastic channels gives rise  structural features on the 
energy dependence of the cross sections. The contributions made by the various processes to 
the total cross sections of an electron emission in these collisions are estimated. It was found 
that the ionization mechanism involves the filling of quasimolecular autoionization terms, 
which decay in the stage in which the quasimolecule exists. The stripping in K+ - He 
collisions occurs by a mechanism involving transition of a diabatic term into the continuum.  
 The increase of the excitation probability of inelastic channels at the energy loss spectrum, 
with increasing the angle of scattering incident ions is revealed. Anomalously small and 
significantly large value of the excitation cross section for the potassium atom and ion  
respectively, a structural peculiarity for the excitation function of resonance helium atomic 
line are explained.     
  
Keywords: charge exchange, ionization, excitation.  
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INNER-SHELL PHOTODETACHMENT OF IRON AND RUTHENIUM 
NEGATIVE IONS 

I. Dumitriua, René C. Bilodeau a,b, T. Gorczycaa, G. Ackermana, C. W. Walterc,
N. D. Gibsonc, A. Aguilarb, Z. Pesic a,b, D. Rolles a,b, and N. Berraha

aDepartment of Physics, Western Michigan University, Kalamazoo, Michigan 49008,USA 
b Lawrence Berkeley National Laboratory,Advanced Light Source , Berkeley, California 94720 

cDepartment of Physics and Astrophysics, Denison University, Granville, OH 43023,USA

Transition metals are of interest for their catalytic properties and participation of 
d-orbital electrons in the bonding properties [1]. The analysis of transition metals is of 
wide application in oceanography, cosmochemistry, and geology. 

Iron is one of the most abundant terrestrial elements with an important position in 
technology. Its fundamental physics is interesting but hard to describe due to a large 
number of possible terms resulting from the approximately half-open 3d-shell [2]. 
Ruthenium is of interest in that some of its complexes efficiently convert solar energy 
into chemical energy by photoinduced electron transfer [3].

The first inner-shell photodetachment studies in Fe- and Ru-  conducted using the 
Ion Photon Beamline (IPB) on ALS beamline 10.0.1 at Lawrence Berkeley National 
Laboratory will be presented. The negative ions extracted from the SNICS ion source are 
mass selected and merged collinearly with the photon beam. Inner-shell photodetachment 
and subsequent Auger decay [4] produce positive ions which are detected as a function of 
photon energy over a range of 48 to 72 eV. Excitations from p-electrons to open d-shells 
were carried out in both Fe- and Ru-. Two shapes resonances were observed in Fe- and no 
clear resonance was observed in Ru-. The absolute cross-section for the production of
Fe+ and Ru+ will also be presented. 

Keywords: atomic negative ions; inner-shell; photodetachment 
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GENERALIZED OSCILATOR STRENGTHS FOR ELECTRON SCATTERING BY 
In ATOM AT SMALL ANGLES 

 
M. S. Rabasović a, S. D. Tošić a, V. Pejčev a,b, D. Šević a, D. M. Filipović a,c and  

B. P. Marinković a 

 
aLaboratory for Atomic Collision Processes, P. O. Box 68, 11080 Belgrade, Institute of 

Physics, Serbia 
bFaculty of Natural Sciences, Radoja Domanovića 12, Kragujevac, University of Kragujevac, 

Serbia 
cFaculty of Physics, P.O. Box 368, 11001 Belgrade, University of Belgrade, Serbia 

 
 We present results of measurements of generalized oscillator strengths (GOS) for the 
2P 2/1  –  2S 2/1  resonant transition of indium atom. Absolute values of GOS for the 2S 2/1  state 
of the indium atom are shown in Fig. 1 as a function of K 2  together with forward scattering 
function (FSF) for indium. The normalization has been achieved through displacing each data 
set of experimental GOS down until its θ=0o point intersect the FSF(K2) curve. We have used 
the (FSF) method introduced by Avodina et al. [1]. 
 In this experiment we employed an 
electron spectrometer in crossed electron-atom 
beam arrangement. The experimental set-up 
consists of an oven, electron monochromator 
and analyzer situated in high-vacuum 
chamber. Indium vapor beam was produced 
by heating the oven crucible containing In 
metal (99,9% purity). Working temperature 
was approximately 1300 K and the metal-
vapor pressure was about 10 Pa (0.07 Torr). 
For this experiment we made modifications on 
the design of the oven in order to achieve 
higher temperatures. External overheating was 
avoided by additional water cooling. These 
measurements were carried out for scattered 
electrons that had lost 3.025 eV (6s2S1/2 state) 
at each 2 degrees from -10o to +10o. The 
angular scale was corrected for zero position. Then, angular dependencies of the scattering 
signal were multiplied by effective path length correction factors to get relative differential 
cross sections (DCS). We have applied the correction factors of Brinkman and Trajmar [4], 
modified for our experimental conditions. 
Keywords: Generalized Oscillator Strengths, Differential Cross Sections. 
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Fig 1. Generalized oscillator strengths for the s6 2S1/2 
state of indium atom at 10, 20, 40, 60, 80 and 100eV 
impact energies. 
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ELASTIC ELECTRON SCATTERING BY SILVER ATOMS 
 

S. D. Tošića, V. I. Kelemend, D. Ševića, V. Pejčevb, D. M. Filipovićc,  
E. Yu. Remetad and B. P. Marinkovića 
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Physics, Serbia 
bFaculty of Natural Sciences, Radoja Domanovića 12, 34000 Kragujevac, University of 

Kragujevac, Serbia 
cFaculty of Physics, P. O. Box 368, 11001 Belgrade,University of Belgrade, Serbia 

dInstitute of Electron Physics, Universitetska 21, 88017 Uzhgorod, Ukraine 
 

Elastic electron scattering by silver atom has been investigated both experimentally and 
theoretically. Differential cross sections (DCSs) have been obtained in the intermediate 
impact electron energy range from 10 to 100 eV. The experimental method used to determine 
DCS is based on crossed beam technique where effusive atomic beam is perpendicularly 
crossed by monochromatic electron beam [1]. The well collimated effusive Ag vapour beam 
has been produced by heating oven crucible containing silver atoms by two resistive bifilar 
heaters. The elastically scattered electron intensities are detected as a function of scattering 
angle ranging from 10o to 150o and then converted to relative DCSs using the effective path 
length correction factors [2] determined for the present experimental conditions. The overall 
system energy resolution was 140 meV and the angular resolution was estimated to be 1.5o. 

Corresponding theoretical results were 
obtained using the complex optical potential (OP) 
with the inclusion of spin-orbit interaction. The 
real part of this potential consists of static, local 
exchange, polarization and spin-orbit potentials 
[3]. The imaginary part of OP takes into account 
the absorption effects [4]. We have obtained 
DCSs values using two different approaches, i.e. 
calculations with (SEPASo-approximation) and 
without (SEPSo-approximation) absorption [3,4]. 

In Fig.1 our relative experimental DCS results 
at 100 eV impact electron energy are normalized 
at scattering angle of 40o to the present SEPASo 
calculations and presented with DCSs calculated 
using both SEPASo- and SEPSo-approximations. 
Other details as well as DCS results at 10, 20, 40, 
60 and 80 eV will be presented at the conference. 

 
Keywords: Differential cross sections; Elastic scattering; Silver 
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Fig. 1. Differential cross sections for the elastic 
electron scattering by silver atom at 100 eV 
incident electron energy: ●, experiment; ─, 
SEPASo- approximation; ------, SEPSo-
approximation. 

We-17

75



�������������	
��������	����
����� ������ �����
���
�������
��������
�����������	
���

����������	 
����
������ ��� ���������

�����������������������������	 ������
�������� �����	 �!�"����	 � �����

��� ���� �#������ #��������� �##������ $�%� ���� ���������� ��� �&�� ���������� #��������'����
#�����!������#�����������#��$�%������#��$(%��������
����������������������)�*+,���������"����
�������� ������ ��������� ��� ��
����"����� ��� ��������� ���������"� -� .�	� *�� ����/"� ������� 0���
�������� ��� ������������� ���� ���#�����&���� ���� �1#���������� ���� ������������ ������ ��� ��"����
������������ �������������#����������2���*����������� ������
���1#��������������� �����$3%�����
�������!���������������"���"�������45 ���#��������*+� �����������&����#����������#��

��
��
"�
��
��
��
��
��
��
��
��
���

��
��
��
�)�

4� ,

�� ���

��

��

��

�� �	

��

��


�

��� ��

��

��


�

���

�

�
���
��
��
���

���
��
��
���

��
��
��
�)�

4� �6
���
,

� � � �

� � �

�

� �

� � � 
 �

� � � � �

� � �

�

� �

� � �
� �

� � � � �

� � � � � � � � � � 
 �

� � �

�

� �

� � � � 	
� � � � �

+��������"���"���)��",

���������"��)��,

2�"���� �*+������ ����"������������������� ��������������������'
����� ���������"�� �������7� �����	� &���� �#�� $�%8� ������	� &����
�#�� $(%��9����� ������������ ����7�:	� $;%8��	� $<%���1#����������
����7�=	�$3%8�>	�$?%8�@	�$A%�

��������	 *������������8��#������#��������8�������������������"

����������
$�%�����������	��� ������	����+�-��	 B��������C ���)�DD<,��<�?�
$�%�B� 9E*������	�F��G���	���������
������)�DA(,��AD(�
$(%�F��������	����F�������	���������
������)�DA;,��?;��
$;%��� �����	 H��B���	�H��0��#����	�+��F����	���������
����� )�DD;,�ADD�
$<%�+��F����	���������
������)�DD�,����(�
$3%�C��
���� �
�I	������JK�
	����2���#�
�I	�G����L �
�I	�B��������C ���)�DD�,��A�?�
$?%��������J���
�I	������JK�
	�
�������������
�I	����2���#�
�I	�C��
���� �
�I	�B��������C ���)�DD( , �44<�
$A%�M��/��� ��#	��� B���	�2������!����	�B���������	 B��������C ���)�D A?, ;<;(�

We-18

76



COLLISIONS IN TERMS OF QUANTUM TRAJECTORIES

M. Acuña†, and J. Fiol∗‡

División Colisiones Atómicas, Centro Atómico Bariloche, S. C. de Bariloche, Argentina
∗ Consejo Nacional de Investigaciones Cient́ıficas y Técnicas (CONICET), Argentina.

†E-mail: acunam@ib.cnea.gov.ar ‡E-mail: fiol@cab.cnea.gov.ar

Recently there have been renewed interest in the resolution of Quantum-Mechanical
problems by means of the so-called “Quantum Trajectories Method” (QTM) [1, 2, 3].
This approach, based in Bohm’s formulation of Quantum Mechanics [4, 5], describe the
quantum dynamics in term of pseudo-particles that evolve obeying equations similar to
those of Classical-Mechanics. While this treatment in terms of trajectories represents a
full solution of the Time-Dependent-Schrödinger Equation (TDSE), the main drawback is
due to the strong coupling among trajectories and the unstability of some of the resulting
equations [3]. However, its scalability characteristics, through parallel implementations
and Monte Carlo methods, make the quantum trajectory approach a promising field for
the investigation of many-particle collision processes.

In this communication we present some benchmark calculations of ion-atom collision
models employing several level of approximations to the quantum trayectory method.
In particular, we implemented and systematically investigated a method suggested a
few years ago to circumvent the problems arising from the strong coupling among the
trajectories [6]. The resulting equations, derived from rewriting the de Broglie-Bohm
equations, uncouple the quantum trajectories, allowing us to solve each of them individ-
ually. Each trajectory becomes the solution of a system of infinite coupled differential
equations that can be solved at different levels of approximation.

Keywords: Quantum Mechanics; Bohm; Quantum Trayectory; Ion-Atom Collisions
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THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF ELECTRON EMISSION 

DURING WATER IONIZATION BY LIGHT ION IMPACT 

 

C. Champion, H. Lekadir and C. Dal Cappello 
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Institut de Physique, Université Paul Verlaine-Metz, 1 Boulevard Arago, 

57078 Metz Cedex 3, France 
 

Ionization of atoms and molecules by fast charged particles is of prime importance in a large 

number of areas including plasma physics, radiation physics and the study of penetration of charged 

particles through matter. It has also been shown that experimental and theoretical data about the 

ionization of biological systems are needed in fundamental studies of charged particle interaction in 

biological matter (and more precisely in heavy-ion cancer therapy [1]). Moreover with the more and 

more regular use of ionizing radiations in medicine, it is today necessary to appraise the biological 

consequences of radiological examinations particularly to know, with the highest degree of accuracy, 

the energy deposits induced by all the radiations commonly used in radiotherapy and even in medical 

imaging (light and heavy ions, electrons and positrons, X-rays and &-rays). 

To describe the track-structure of a charged particle in the biological matter and then to quantify 

the full spectra of molecular damage radio-induced, Monte Carlo simulation is the preferential method. 

This latter consists in simulating, interaction after interaction, the history of each ionizing particle 

created during the irradiation of the biological matter. In this kind of study, all the projectile-target 

interactions are modelled by means of a large set of multi-differential and total cross sections to 

describe the complete kinematics of the collisions.  

We present in this work both doubly, singly differential and total cross sections for the direct 

ionization of water vapour by light ions (protons, alpha particles and Carbon ions). An ab-initio 

calculation has been made by using the first Born approximation and an accurate molecular wave 

function proposed by Moccia [2]. The results of this model are compared to experimental data and to 

results obtained via semi-empirical models and a good agreement is generally observed [3, 4]. 
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ELECTRONIC RELATIVISTIC EFFECT IN BINARY-ENCOUNTER
APPROXIMATION FOR ION-ATOM COLLISIONS

Takeshi Mukoyama

Kansai Gaidai University,
16-1 Nakamiya-Higashinocho, Hirakata, Osaka, 573-1001, Japan

The classical binary-encounter collision theory has been successfully applied to inner-
shell ionization processes in ion-atom collisions. It is well known that the calculated
ionization cross section is quite sensitive to the choice of assumed electron momentum
distribution in the target atom.

In most theoretical calculations, the nonrelativistic electron momentum distributions
have been obtained as the Fourier transform of the hydrogenic wave functions or the
atomic wave functions with the Hartree-Fock-Roothaan model (HFR). The latter method
is especially useful for this purpose, because realistic electron wave functions in the atom
can be expressed in terms of Slater-type of orbitals (STO’s) and their Fourier transforms
can be given analytically.

Since all these calculations are nonrelativistic, it is interesting to study the electronic
relativistic effect by the use of relativistic wave functions in the BEA. However, there has
been reported only one theoretical calculations with the relativistic electron momentum
distribution in the BEA. Kumar et al. [1] calculated the K- and L-shell ionization
cross sections for proton and He+ impact on Au by the use of the electron momentum
distributions based on the relativistic HFR (RHFR) model [2].

In the present work, we use the Dirac-Fock program [3] to obtain the relativistic
atomic wave functions numerically and these wave functions are fitted to the sum of
STO’s by the use of the genetic algorithm [4]. The analytical expressions for relativistic
electron momentum wave functions are obtained by means of the Fourier-Bessel transfor-
mation [2]. The inner-shell ionization cross sections are calculated with the expressions
of Vriens in the BEA using the electron momentum distributions obtained above. The
results are compared with the BEA cross sections with the nonrelativistic hydrogenic
and the HFR models, the relativistic hydrogenic model and with the experimental data.
The electronic relativistic effect in the BEA is discussed.

Keywords: Binary-Encounter Approximation; Electronic relativistic effect; Dirac-Fock method
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INNER-SHELL IONIZATION IN ION-ATOM COLLISIONS  
AT MeV/u ENERGIES  

 
M.M. Gugiu, C. Ciortea, A. Enulescu, I. Piticu, D.E. Dumitriu,  
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Atomistilor St. 407, P.O.Box MG-6 Magurele, 077125 Bucharest, Romania  
 

Energetic atomic collisions, produced by light and heavy ions for a large domain of 
energies and collision systems, lead to inner-shell ionization and deexcitation processes.  

The purpose of this work was to examine some characteristic features associated with 
the K and L-vacancy production in light ion-atom collisions, like inner-shell perturbation [1], 
intra-shell coupling [2] and multiple ionization effects (see e.g. [3]). The experiments have 
been performed at the Van de Graaff tandem accelerator of NIPNE, Bucharest, at rather low 
projectile energies, in the range of 0.5 – 2.5 MeV/u, where these effects are important.  

For two collision systems, 16O + Ag and 32S + Pt, by using measured integral X-ray 
yields, the K- and L-shell ionization cross sections have been determined. The induced 
changes in the fluorescence yields and relative decay widths by the multiple ionization of the 
outer shells were considered for computation of inner-shell vacancy production cross 
sections. Mean ionization probabilities per electron of the outer shells have been estimated. 
Comparison of the experimental data with some model calculations will be presented.  
 
Keywords: inner-shell ionization, X-ray yields  
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A SETUP FOR ELECTRON-ION COLLISIONS STUDIES EMPLOYING
HIGH-RESOLUTION ELECTRON SPECTROSCOPY

K. Holstea, S. Schippersa, A. Müllera and S. Riczb

aInstitute for Atomic and Molecular Physics, Giessen, Germany
bInstitute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen,

Hungary

Experimental investigations of electron-ion collisions are challenging since the par-
ticle densities that can be obtained in charged particle beams are orders of magnitude
lower than those available in e. g. neutral gas jets or solid targets. Nevertheless, the
reaction cross-sections of electron-ion interaction are routinely measured nowadays with
applying of crossed and merged beams arrangements [1]. In these experiments the high
directionality of the ion beam is employed for the efficient detection of the heavy reaction
products.

An experimental arrangement is worked out

Fig. 1. Crossed-beams experiment at the IAMP

for the high-resolution spectroscopy of the en-
ergy and angular distribution of emitted elec-
trons from electron-ion collisions. To this end
a crossed electron-ion beams experiment has
been built in Giessen at the Institute of Atomic
and Molecular Physics [2]. The main part of
the experimental setup is the ESA-22G elec-
trostatic electron spectrometer that was de-
veloped at the Institute of Nuclear Research
of the Hungarian Academy of Sciences (De-
brecen, Hungary [3, 4]). The electrons that
emerge from the crossed-beams interaction volume are focussed by a spherical mirror
condenser with 2π-detection geometry (∼1% solid angle) to the ring shape entrance slit
of the second stage. In the second stage their energy is determined by a cylindrical
mirror analyzer with variable energy resolution. The energy and angular distributions
of the electrons are simultaneously recorded with a position sensitive micro-channelplate
detector.

First results for elastic scatterering of electrons from Cs+ ions have already been
obtained and will be presented (Fig. 1). In the future we will concentrate on electrons
that arise from indirect pathways of electron-impact ionization and that are fingerprints
of many-electron phenomena in electron-ion collision processes [5].

Keywords: electron spectroscopy; electron-atom collision; electron-ion-collision
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PULSE  HEIGHT  DISTRIBUTION  MEASUREMENTS

ON  POLYCRYSTALLINE  CVD-DIAMOND

WITH  HEAVY  IONS  AT  ENERGIES OF  11 MeV/u  AND  50 MeV/u
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bIFIN-HH, Atomistilor 407, 077125 Bucharest-Magurele, Romania

The detection of highly charged heavy ions in atomic physics experiments at
intermediate energies in the range of few MeV/u to 100 MeV/u is still a challenging task.
Due to the reduced range of such ions in matter, a windowless detection device is needed for
position sensitive detection of the ions which will be mostly stopped in the detector. The high
amount of energy deposited in the detector paired with high beam intensities creates extreme
working conditions which request a fast, radiation hard detection device.

An impressive amount of work performed in the last decade demonstrated that
diamond offers new possibilities for fast, radiation hard detection devices for charged
particles, photons and neutrons. The main characteristics such as the high electron hole
mobility, high band gap and in particular the radiation hardness, recommend it for detector
fabrication [1]. The polycrystalline CVD material available today in large size and at
affordable price could be a good candidate. However, it was shown that due to the particular
structure of the material, the detection devices present a relative non stability during the
operation. This instability is clearly correlated to the existence of deep traps in the material,
which need to be filled, in order to improve the detection properties.

For the particular case of heavy ions stopped in the detector bulk, an additional effect
shows up: internal polarization [2] induced by the large amount of charge created inside the
detector by the stopped ions. This charge will counterbalance the bias field applied on the
detector and the result is a reduction of the signal on the detector electrodes.

The aim of the present study is to investigate in what extent the polycrystalline
diamond is a suitable material for high efficiency, high count rate, position sensitive detector
for highly charged heavy ions in the energy range mentioned above.

For this, measurements of pulse height distribution were performed at UNILAC and
SIS accelerators at GSI-Darmstadt, using very heavy projectiles as Xe, Pb and U at 11.4
MeV/u and 50 MeV/u on polycrystalline CVD samples with different thicknesses. The
measurements show a strong dependence of the detector response, at these energies, on the
material quality and thickness. In contrary, the value of the bias voltage seems to have a
smaller importance.

The results obtained indicate that the bulk polarization occurs and its influence on the
detection efficiency can be observed and estimated. However this material still remains a
competitive candidate for the detection of highly charged ions in hard radiation conditions.

Keywords: highly charged ions detection; polycrystalline diamond; polarization

References
[1] W. Adam, E. Berdermann, P. Bergonzo, W. Boer et al. Eur. Phys. Journal C 33 (2004) 1014
[2] M. Marinelli, E. Milani, A. Paolett, A. Tucciaronea G. Verona Rinati, M. Angelone, M. Pillon,

                    Nucl. Instr. Meth. Phys. Res.A 476 (2002) 701

We-24

82



 
Fig. 1. 2D-correlation spectra from C2H6 

PRODUCTION OF MOLECULAR HYDROGEN IONS FROM C2H4 AND C2H6 
UNDER ELECTRON CAPTURE AND LOSS COLLISIONS OF 2MeV Si IONS 

 
Akio Itoha,b, Takahiro Yamadaa, Tomoya Mizunoa, Hidetsugu Tsuchidab 

 
aDepartment of Nuclear Engineering, Kyoto University, Kyoto 606-8501, Japan 
bQuantum Science and Engineering, Kyoto University, Kyoto 606-8501, Japan 

 
Collision-induced molecular fragmentation by energetic charged particles has 

attracted considerable attention in various research fields ranging from physics to radiation 
biomedicine. Although a number of investigations have been carried out using sophisticated 
coincidence techniques, the formation mechanism of specific molecular ions such as 
molecular hydrogen is still less understood so far. In this work, we investigate the formation 
mechanism of molecular hydrogen ions 
from hydrocarbon molecules (C2H4, C2H6) 
bombarded by 2 MeV Si2+ ions. This is 
because such collision systems are thought 
to be important for the production of 
hydrogen molecules in some planets like the  
satellite Titan of the Saturn, where 
hydrocarbon molecules are known as the 
atmospheric constituents of the satellite.  
 Measurements of fragment molecul-
ar ions were performed by means of a time 
of flight coincidence method. A series of 
experimental data were taken under charge-
changing conditions of electron capture and 
loss of projectile ions detected with a solid 
state detector. Fragment ions were detected 
two-dimensionally with a delay-line type 
position sensitive detector. One example of such two-dimensional spectra is demonstrated in 
Fig.1 obtained for an ethane gas target under a single electron capture collision. It is found 
that molecular hydrogen ions are produced only when the C-C bond stays unbroken, and 
otherwise only atomic hydrogen is produced.  Also we find that the production of H3

+ always 
accompanies the residual ions like C2H3

+ or C2H2
+. These results implies that the formation of 

molecular hydrogen ions is promoted only in soft (distant) collisions where an inelastic 
energy deposition into a target molecule is small and, consequently,  the internal excitation 
energy is also small.  In violent (close) collisions where   the internal excitation energy is 
large enough leading to coulomb explosion or highly amount of evaporation of hydrogen 
atoms, the formation of molecular hydrogen ions may be strongly reduced.  
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DIFFERENTIAL CROSS SECTIONS FOR ELECTRON-IMPACT SCATTERING 
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We will present an extensive B-spline R-matrix (BSR) [1] calculation of the electron-

impact scattering from neutral boron. The close-coupling expansion includes 8 first bound 

states of neutral boron and 20 pseudostates (see Table 1).  
 

Table 1. Energies of the first 8 terms of B I and 20 

pseudostates relative to the 2s
2
2p 

2
P

o
 ground state.  

 

No States Energy, 

eV 

BSR28 

Energy, 

eV 

NIST [2] 

Diffe-

rence, 

eV 

1 2s
2
2p 

2
P

o
 0.0000 0.0013 0.0013 

2 2s2p
2
 
4
P 3.5452 3.5803 0.0352 

3 2s
2
3s 

2
S 4.9859 4.9643 -0.0216 

4 2s2p
2
 
2
D 5.9358 5.9335 -0.0022 

5 2s
2
3p 

2
P

o
 6.0140 6.0273 0.0132 

6 2s
2
3d 

2
D 6.7217 6.7903 0.0686 

7 2s2p
2
 
2
S 7.8678 7.8805 0.0128 

8 2s
2
6d 

2
D 8.3592 7.9158 -0.4434 

9 2s2p
2
 
2
P 9.0446 8.9924 -0.0521 

10 2s2p3p 
2
Da 10.9474 10.8559 -0.0915 

11 2s2p3d 
2
D

o
 11.1127 11.5677 0.4550 

12 2s2p3p 
2
P 11.6179 10.7696 -0.8483 

13 2p
3
 
4
S

o
 12.0324 12.0393 0.0070 

14 2p
3
 
2
D

o
 12.7290 12.3736 -0.3554 

15 2p
3
 
2
P

o
 14.8666 13.7808 -1.0858 

16 2s2p3p 
2
S 15.7284   

17 2s25d 
2
D 16.1692   

18 2s2p3p 
2
Db 16.3402   

19 2p
2
7d 

2
Pa 22.1128   

20 2p
2
3s 

2
S 23.4600   

21 2p
2
7d 

2
Pb 23.9232   

22 2p
2
3p 

2
P

o
 24.5191   

23 2s2p7d 
2
D

o
 24.5734   

24 2p
2
3d 

2
D 25.6681   

25 2s7p
2
 
2
S 26.2965   

26 2s2p3d 
2
P

o
a 27.7505   

27 2s2p3d 
2
P

o
b 29.0855   

28 2s7d
2
 
2
S 36.0046   

 

As example, Fig. 1 and 2 show the differen-

tial cross sections for transitions from the 

2s
2
2p 

2
P

o
 ground state of boron.   

 

Keywords: Cross Section; Electron-impact; Boron 
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Fig. 1. Angle-differential cross sections for transitions 

with 2s
22p 2

P
o ground state of boron: 1 – elastic scat-

tering; 2-6 – excitation of 2s2p
2 4

P,  2s
23s 2

S,  2s2p
2 

2
D,  2s

23p 2Po and 2s
23d 2D  states, respectively. 

 
Fig. 2. Angle-differential cross sections for elastic 

electron scattering from B atoms. 
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IMPACT PARAMETER METHOD CALCULATIONS FOR FULLY

DIFFERENTIAL IONIZATION CROSS SECTIONS

F. Járai-Szabóa and L. Nagya

aFaculty of Physics, RO-400084 Cluj-Napoca, str. Kogalniceanu 1, Babeş-Bolyai
University, Romania

Detailed information about collision processes may be obtained by studying fully dif-
ferential cross sections. Previously, based on the semiclassical impact parameter method,
a theoretical model has been constructed to calculate fully differential cross sections for
single ionization of helium by impact with fast C6+ ions [1]. Based on the semi-empirical
version of the model good agreement with the experiment has been achieved in the
scattering plane, while in the perpendicular plane a structure similar to that observed
experimentally was obtained. The impact parameter values have been selected based on
the experimental data available in scattering plane.

In this work a method is presented for calculating impact parameter values corre-
sponding to different momentum transfer values. The method will be used to improve
the fully differential cross section calculations with the semiclassical impact parameter
method. By the use of the transverse momentum balance [2] it can be proved that higher
impact parameters have to be used in the case of a binary peak than of a recoil peak.
Instead of the previously tried Rutherford scattering formula, the projectile scattering
angle will be calculated as a classical potential scattering problem [3] in the field of the
target helium system. The method is tested calculating fully differential cross sections
for single ionization of helium produced by fast C6+ ion.

Keywords: Fully differential cross sections; Scattering angle; Ionization

References
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CROSS SECTIONS AND TRANSPORT PROPERTIES OF F− IONS IN
Ar, Kr AND Xe

J.V. Jovanovića,b, Z.Lj. Petrovića and V. Stojanovića

aInstitute of Physics, P.O.B. 68, Zemun, Belgrade, Serbia
bFaculty of Mechanical Engineering, Kraljice Marije 16, Belgrade, Serbia

The aim of the current work is to determine with relatively high accuracy the elastic
momentum-transfer cross sections of F− ions in collisions with noble gases Ar, Kr and
Xe. We have applied a simple form of Momentum Transfer Theory (MTT) [1] based
on elastic collisions as the first step in order to develop negative fluorine ion/Ar, Kr,
Xe elastic momentum transfer cross sections based on the available data for reduced
mobilities [2, 3] at 300 K as a function of E/N.

In our procedure MTT is used only as the
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Fig. 1. Cross sections for F− in Ar. Solid line:
momentum transfer cross section; dashed line:
Langevin cross section; dotted line, detachment
cross section from reference [4].

initial step to make adjustments and thus save
a lot of computation time. However, our fi-
nal results have been all obtained by exact
Monte Carlo (MC) technique that has been
well tested and documented. In order to make
proper calculations for thermal energies, we al-
lowed the momentum transfer cross sections
to converge towards Langevin’s cross section.
In the case of F−/Ar, the momentum transfer
cross section is supplemented by detachment
cross section [4] that was used from the thresh-
old around 7 eV up to 200 eV (Fig.1).

The unfolded cross sections were validated
or further improved by assuring a good agree-
ment between our Monte Carlo (MC) calcu-
lated transport data and the available experi-
mental results for reduced mobility and longitudinal diffusion. We have also calculated
the net rates of elastic scattering and detachment.

The data are produced with an aim to provide plasma modellers with cross section
data and transport coefficients.

Keywords: Cross sections; Transport properties; Kinetic and transport theory of gases
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Z2 structure of the stopping power for electron beams
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Abstract:

The target atomic number (Z2) dependence of the collision stopping power for electron 

beams have been investigated for the purpose of determining primary mechanisms in 

stopping of electrons in elemental matter. The stopping powers of target elements with 

atomic numbers Z2=1 to 92 for the electrons have been evaluated on the basis of Gümü� 

method.  The variation of the stopping power depending on energy of electrons and type 

of target has been studied to obtain the elements with the strongest stopping force  for 

electron beams. A strong Z2 oscillation in the collision stopping power has been observed 

whereas the mass collision stopping powers are found to be decreasing with increasing 

atomic number of the target. It is also found that electrons mainly slowing down 

depending on the atomic density of target and initial energy of electrons. 

PACS:  34.50Bw; 61.80Fe 

Key Words:  Collision stopping power, Z2 oscillation, Electron 
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TIME-OF-FLIGHT MASS SPECTROMETERS 
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Linear time-of-flight mass spectrometer (TOFMS) is one of the most versatile mass 
spectroscopic area growing quite fastly and has undergone many changes and expansions.  It 
is well known that flight-time error resulting from the finite width of the ion packets along 
the axis of the flight tube is commonly minimized by incorporating the two-field acceleration 
geometry and space-focusing principles. 
Improvements to the Wiley-Mclaren space 
focusing have been proposed by a number of 
authors [1,2]. These articles make reference to 
providing higher order corrections to Wiley-
Mclaren spatial focusing and in many cases the 
resolution is improved considerably.  This result 
has important implications for the design of mass 
spectrometers.  

In this work we present the results of ion 
trajectory calculations optimizing the performance 
of multi-field TOFMS under the aspects of space 
and mass resolution, using the ray-tracing 
simulation program SIMION 8.0 [3].  A brief account of the TOFMS theory is given together 
with optimum dimensions and voltages which provide space focusing.  Space focusing 
conditions of two-, three- and four-field linear TOFMS have been analyzed in detail, in order 
to investigate the characteristics of the TOFMS and determine the most desirable 
configuration. The capabilities and limitations of these instruments are discussed by means of 
numerical examples. The effect on the time-width of a peak in the mass spectrum and on the 
resolution was demonstrated.  

 

 
Fig. 1. The instrument design which worked in 
simulations, and was constructed and will be 
used in subsequent experiments. 

The simulations presented here have to be checked experimentally and the issue about 
the space and mass resolution for multi-field linear TOFMS also has to be investigated in 
practice.  For this purpose, we have constructed a new four-field TOFMS and its ion optics 
which is contained in a non-magnetic stainless steel vacuum chamber pumped by a 
turbomoleculer pump. A vacuum chamber has been constructed at the machine shop in 
Afyonkarahisar, Turkey. The spectrometer is built of four acceleration regions and a 
grounded flight tube. The experimental system is almost completed and will be used in 
coupling to a sophisticated optical parametric oscillator system (OPO, output wavelength 
region is over 420-2500 nm), pumped by a high power Nd:YAG (Surelite III) laser at 10 Hz 
repetition rate with pulse energy of nearly 900 mJ at 3064 nm.  The simulated data will be 
compared to the experimental results using our multi-field linear TOFMS in the near future. 

 
Keywords: Time-of-flight mass spectrometer, simulation of ion motion, space focusing, mass resolution, 
SIMION. 
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Electrons released at the cathode travel the whole distance to the anode and produce 
more ionization than electrons created en rote. Ions are produced by electron-imapct 
ionization and most of these ions are accelerated into the cathode sheath, causing secondary 
electrons to be emitted. These secondary electrons enter the trapping region and cause 
sufficient ionization to maintain the discharge.  For this reason, the onset of breakdown is 
determined by γ – effects at the cathode. The secondary electron emission from a surface 
under the action of an ion is described by the coefficient quantifying the number of secondary 
electrons produced at the cathode per ion usually known as the electron yield per ion and 
denoted by iγ  .  

In this paper, we present our Monte Carlo simulation results for the yield of secondary 
electrons as a function of E/N in argon Ar with dirty metal cathode [1] and nitrogen N2 with 
molybdenum cathode. In our calculations the number of the initial electrons emitted from the 
was 10000, while their initial energy was 1 eV.  

In Fig. 1, we have shown that the yields  γi  obtained from the realistic energy distribution 
of ions for each E/N based on given dependencies of yields on energy of ions.  A good 
agreement for argon indicates that effective energy in beam model of Phelps [1] adequately 
represents the ion energy distribution. 
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Fig. 1 Dependence of the yield of secondary electrons on the  reduced electric field 
 

Monte Carlo code will be used to analyze the secondary electron emission processes due to 
impact of other particles such as photons, metastables  and fast neutrals and in other gasses. 
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Accurate determination of the secondary electron yield needed for plasma modeling 
requires inclusion of the width of non-hydrodynamic region usually known as delay or 
equilibration distance in the analysis of the breakdown data. This paper contains  the 
experimental results as well as the detailed theoretical  simulation studies of  the 
influence of the delay distance on the effective secondary electron yield and the 
breakdown mechanism. Our work was motivated by the fact that published results for the 
secondary electron yields from ion beam experiments and gas discharges are 
systematically in serious disagreement requiring revision of Townsend's theory.  The 
emphasis was made on the experimental results in order to illustrate a wide range of 
applications of measurements of spatial profiles of emission, which may be used as a 
principal source for obtaining the cross sections, as much as they provide the basis for 
understanding the kinetics of breakdown, secondary electron yields and non-equilibrium 
conditions close to the electrodes.  Beside measurements that were carried out, exact 
model of gas breakdown at low currents was also developed. The model was based on 
Monte Carlo simulation of electron that allowed us to consider how non-hydrodynamic 
transport close to electrodes affects the breakdown.   The presented results have great 
significance for many discharge applications such as glow discharge lamps, gas-filled 
switches, gas insulation and lasers. 
 
Keywords: breakdown, secondary electron yields, argon, hydrogen. 
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      The low-energy secondary-electron spectroscopy (based on the study of phenomena 
accompanying the process of interaction between the flow of slow-moving primary electrons 
and crystal surface) which does not destroy the sample is one of the methods to control 
surface roughness. In this case the observed experimental spectra of truely secondary 
electrons (SEES) and spectra of absorbed current (ACS) show the totality of phenomena 
taking place both in the volume and near-surface layer of the crystal. The fine structure of 
those spectra is determined by the energy dispersion of unoccupied high-level electronic 
states (above the vacuum level) to which the electrons are scattered or from where they are 
emitted. The present study deals with the development of the above-mentioned methods 
basing on the bulk energy-band structure (BES) of crystals. As before, (see, e.g. [1-4]) during 
the calculation of SEES and ACS the electron scattering with a preset momentum at the 
crystal was considered within the approximation, when the probability of scattering was 
proportional to a number of finite states at a given energy level with a preset direction of 
quasi-momentum. The energy dependence of the band energy level broadening, the electron-
electron and electron-plasmon contributions to the distribution function of highly non-
equilibrium charge carriers (obtained from the solution of the kinetic (Boltzmann-type) 
integral transport equations describing the cascade process of the inelastic scattering of the 
primary electron flow [5]), the isotropic component of current from the electrons scattered on 
the surface were taken into consideration. In addition, it was a success for us to rather 
satisfactorily explain the main structure in spectra of a number of crystals. The extrema in the 
SEES and ACS reflect the energy position of the critical points (the band edges or boundaries 
and the points of extreme curvature of the dispersion branches) in the unoccupied BES. And 
there occurs a possibility for the experimental study of the electron dispersion in the region of 
energies much higher than the vacuum level (thus adding to the traditionally used data of the 
photoemission, inverse photoemission and optical spectroscopy). The method being 
developed enables one to distinguish between the volume effects in SEES and ACS from the 
surface ones which are to be investigated separately [6, 7]. 
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1RW� RQO\� FRKHUHQW�� EXW� RIWHQ� QRQFRKHUHQW� GLVFKDUJH� VRXUFHV� RI� 89� UDGLDWLRQ� KDYHLPSRUWDQW� DSSOLFDWLRQV�� $PRQJ� WKH� ODVW� W\SH� RI� VRXUFHV� ZHOO� NQRZQ� DUH� H[FLPHU� ODPSVW\SLFDOO\� KDYLQJ� JDVHRXV� PL[WXUH� ILOOLQJ�� +DYLQJ� DQ� DGYDQWDJH� DV� PHUFXU\�IUHH� ODPSV�QHYHUWKHOHVV� WKH\� FRQWDLQ� KDORJHQ� PROHFXOHV� LQ� JDVHRXV� SKDVH� �W\SLFDOO\� +&O�� +%U� HWF���$FWXDOO\�SXUH�89�VRXUFH�VHHPV�WR�EH�WKH�ZDWHU�GLVFKDUJH�ODPS�,Q�WKLV�ZRUN�IRU�WKH�ILUVW�WLPHZH�VWXGLHG�VSHFWUDO�SDUDPHWHUV�RIKLJK� YROWDJH� SXOVH�SHULRGLFDOGLVFKDUJH� LQ� ZDWHU� YDSRXU�'LVFKDUJH� ZDV� H[FLWHG� LQ� TXDUW]WXEH� �OHQJWK� ��� FP�� LQQHUGLDPHWHU����PP���&XUUHQW� SXOVHV�IUHTXHQF\� ���N+]��ZHUH� IRUPHGE\� IXOO� GLVFKDUJH� RI� VWRUDJHFDSDFLWRU� ������ S)�� WKURXJK� WKHWXEH�DQG�WK\UDWURQ�7*,����������7LPH� LQWHJUDWHG� HPLVVLRQ� VSHFWUDLQ� WKH� UDQJH� ���� ± ���� QP� ZDVUHJLVWHUHG� XVLQJ� JUDWLQJ� JULGPRQRFKURPDWRU� 0'5��� DQGSKRWRPXOWLSOLHU� )(8����� W\SH�7KH�REWDLQHG�VSHFWUD�DW�WKH�HVWLPDWHG�ZDWHU�YDSRXU�SUHVVXUH�RI�DERXW�����PP�+J�LV�SUHVHQWHGRQ� WKH� )LJXUH�� 7KH� PHDVXUHG� UHODWLYH� VSHFWUDO� VHQVLWLYLW\� RI� WKH� UHJLVWUDWLRQ� DSSDUDWXV� ZDVWDNHQ�LQWR�DFFRXQW�7KUHH�GLIIHUHQW�SDUWV�RI�UHJLVWHUHG�VSHFWUD�DUH�HDVLO\�LGHQWLILHG�>�@��3DUW�,������±�����QP�LV�DWWULEXWHG�WR�%�±�$�HOHFWURQLF�WUDQVLWLRQ�RI�K\GUR[\O�2+�PROHFXOH��7KLV�SDUW�LV�H[FLWHG�OHVVLQWHQVLYHO\�WKDQ�DQRWKHU�WZR�DV�UHTXLUHG�GLVFKDUJH�HOHFWURQV�RI�PXFK�KLJKHU�HQHUJ\��3DUWV�,,�����±�����QP��DQG�,,,������±�����QP��RI�WKH�VSHFWUD�DUH�DWWULEXWHG�WR�WKH�$�±�;�HOHFWURQLFWUDQVLWLRQ� RI� 2+�PROHFXOH�� ,Q� WKHVH� SDUWV� WKH�PRVW� LQWHQVLYH� LV� WKH� EDQG�� FRQQHFWLQJ� ZLWKYLEUDWLRQDO� WUDQVLWLRQ� ������ ����QP�DQG� WKH�EDQG�FRQQHFWLQJ�ZLWK� ������ ���� QP�YLEUDWLRQDOWUDQVLWLRQ�� 1R� DQRWKHU� UDGLDWLQJ� VSHFLHV� RI� ZDWHU� PROHFXOH� +�2� GHVWUXFWLRQ� SURGXFWV� ZHUHLGHQWLILHG�7LPH� GHSHQGHQFH� RI� WKH� LQWHQVLW\� RI� ���� QP� EDQG� ZDV� PHDVXUHG� XVLQJ� RVFLOORVFRSHWHFKQLTXH��,W�FOHDUO\�LQGLFDWH�WKDW�WKH�HPLVVLRQ�SXOVH�IXOO\�FRLQFLGHV�ZLWK�WKH�FXUUHQW�SXOVH�DQGHOHFWURQ�LPSDFW�SURFHVVHV�GHILQH�WKH�SURSHUWLHV�RI�ZDWHU�GLVFKDUJH�89�VRXUFH�7KH�DYHUDJH�SRZHU�RI�HPLWWHG�UDGLDWLRQ�LQ�VSHFWUDO�UDQJH�����± ����QP�ZDV�HVWLPDWHG�WREH�����:�DQG�HIILFDF\�DERXW��������,W�PD\�EH�QRWHG�WKDW�ZKHQ�WKH�RUGLQDU\�ZDWHU�+�2�LQ�WXEHLV�UHSODFHG�E\�WKH�KDUG�ZDWHU�'�2��WKH�RXWSXW�SRZHU�LV�LQFUHDVHG�RI�DSSUR[LPDWHO\�E\�WZLFH�

.H\ZRUGV��:DWHU�YDSRXU��ORQJLWXGLQDO�KLJK�YROWDJH�GLVFKDUJH��2+�VSHFLH��89�HPLVVLRQ�
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JONES EFFECT ON LI AND NA ATOMS 
 

V.V. Chernushkina, V.D. Ovsiannikova

 
a Theoretical Physics Department , Voronezh State University, Voronezh, 394006. Russia 

E-mail: albert@phys.vsu.ryu
 

Magnetoelectric birefringence, which was predicted by Jones [1] and first observed in 
liquids [2], may also become a useful tool for the high-precision spectroscopy of atomic 
systems [3]. In the case of resonance with an excited D-level, the dipole-forbidden bilinear 
Jones effect on a medium of free atoms in their ground S-states may become significantly 
stronger than the dipole-allowed Kerr and Cotton-Mouton effects [4], quadratic respectively 
in electric and in magnetic field. In this paper we present an account for the influence on the 
Jones amplitude of the resonant-level fine structure.  

The Jones effect is determined by the bilinear in the static fields amplitude of the 
Rayleigh scattering of a monochromatic wave, which for the frequency 

1/ 2' Jn D nS JE Eω ε= − −  

in resonance ( Jε ω ) with the D-level doublet substates of the total momentum 
, may be written as (taking into account only the terms with the second-order 

resonance singularities): 
3 / 2,5 / 2J =

( ) ( )
[ ]0 12 2

3/ 2 5/ 23/ 2 5/ 2

7 47 4
DU AQ ϕ ϕ

ε εε ε

⎛ ⎞
⎜ ⎟= + −
⎜ ⎟
⎝ ⎠

+  

where the constant factor  is  proportional to the product of the square laser 
field , static electric field  and magnetic field 

2
0A=F F B/1500

2F 0F B . For atoms with the singlet structure of 
levels, the resonance detuning 3/ 2 5/ 2ε ε ε= ≡  and the double-resonance fractions in 
parentheses combine into 250 / ε [4]. The polarization-dependent factors are 

[ ]( )
( ) [ ]( ){ }

0 0

1 0

;

Re * ,

B

B

ϕ

ϕ

= ⋅ ×

= ⋅ ⋅ ×

e n e

e e e n e
 

where  and  are the unit vectors of the magnetic and electric fields,  and n  are 
the unit polarization and wave vectors of the laser wave. In addition to birefringence, the 
imaginary part of the detuning 

Be 0e e

/ 2J J Jiε = Δ + Γ , which equals to the resonance level width 

JΓ , may cause the dichroism effects. The factor  is a product of the radial matrix elements 
for the first-order quadrupole and second-order dipole radiation transition between the ground 

 and resonance 

Q

1/ 2nS ' Jn D . 
The Jones birefringence appears, when 0 B=e e , being directly proportional to the 

difference ( ) ( ) ( )J
D D DU U U+ −Δ = −  between  the amplitude U  for ( )+=e e  and ( )−=e e , where 

( ) [ ]( )0 0 / 2± = ± ×e e n e . Similar effects in atoms with singlet structure of levels, which 

correspond to 3/ 2 5/ 2ε ε= , were discussed in [4]. 
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ON RYDBERG SERIES OF AUTOIONIZING RESONANCES 

V. Stancalie

Department of Lasers, Atomistilor 409, Magurele, National Institute for Laser, Plasma and 
Radiation Physics, 077125 Romania 

This work describes progress in understanding the role of Laser Induced Degenerate 
State (LIDS) phenomenon [1] on resonances obtained by using lasers. The effect of one-
photon transition, that couples the autoionizing state to the degenerate continuum state via the 
stimulated emission and subsequent absorption of a photon, on the resonance profile is 
studied as function of the laser field intensity. This type of process, implicitly included in the 
R-matrix Floquet [2] calculation, contributes, to some degree, to the overall behaviour of the 
resonance profiles. In the present case the LIDS phenomenon plays the most dominant role 
and it is investigated. 

For the purposes of our work, the process under investigation is the electron scattering 
by Li-like ions in their ground state (1s22s (2Se)) followed by electron capture in a doubly 
excited 1s22pns(1P0) state. This state can decay by radiative transition to other excited state 
(1s22sns(1Se)), or can autoionize. For highly ionized ions in an isoelectronic sequence the 
autoionization probabilities are approximately independent of Z but radiative probabilities are 
proportional to Z4 (for transition involving a change of the principal quantum number). 
Radiative decay therefore becomes more important as Z increases.  

The present work refers to Al10+ and C3+, as an example. The excited Rydberg state 
(1s22sns(1S)) and the doubly excited Rydberg state (1s22pns(1P0) of these ions, are studied 
throughout the resonant Rydberg series in a region where the autoionization and radiative 
rates are comparable in size. To this aim, it is analyzed the situation when two excited 
Rydberg states are resonantly coupled by an intense, monochromatic, monomode, linearly 
polarized laser field. 

It has been demonstrated [3, 4] that the motion, of the trajectories in the complex 
plane, shows different features for these coupled states. More interesting is the critical region 
where a crossing (or an avoiding crossing) of trajectories occurs. For certain values of field 
iontensity and frequency, the two quasi-energies become equal, giving rise to LIDS. 
Following our model, if the equivalent intensity of the spontaneous emission is less than the 
LIDS intensity, then the two widths are converging towards each other into the region where 
perturbation theory will not be used. We will make use of previously reported results to 
investigate the role of LIDS to the overall behaviour of the resonance profile. 
 The description generalizes the non-radiative coupling matrix element of the 
autoionizing state to the continuum, so as to include an explicit intensity dependence. The 
model considers an approximation to the K matrix, in particular keeping only the lowest-
order term in an expansion of K in powers of atom-field Hamiltonian. 

Keywords: atoms in laser field, laser-induced continuum structures, laser-induced degenerate 
states 
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THERMAL IONIZATION OF CS RYDBERG STATES

Glukhov I. L. and Ovsiannikov V. D.

Department of Physics, 394006 Voronezh, University Square 1,
Voronezh State University, Russia

Blackbody radiation (BBR) is a ubiquitous perturbing factor for Rydberg states at
normal temperatures. Having a wide energy spectrum, BBR photons stimulate upward
and downward transitions and ionization, depopulating Rydberg states within small frac-
tions of a second. In addition, the ionization distorts configurations of trapping fields.

The BBR-induced ionization of cesium s-, p-, d- Rydberg states was investigated the-
oretically. We used wavefunctions of the Fues’ model potential [1] for calculating matrix
elements of bound-free dipole transitions. Obtained results are in a good agreement with
the latest available theoretical and experimental data [2].

To present the results of our calculations in a compact and simply executable form,
we have addressed to our previously reported three-term approximation, earlier applied
to helium [3] for the thermal ionization rate Pn (in inverse seconds):

Pn =
a0 + a1x + a2x

2

ν̃4[exp(x)− 1)]
; (1)

ν̃ =
ν

100
, ν =

1√
−2Eexp

nl

, x =
Eexp

nl

kT
=

0.1579

(yν̃)2
, y =

√
T

100
,

where Eexp
nl is an experimentally known ioniza-
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Fig. 1. Approximate (solid curve) and exact
(crosses) ionization rate for p-states at 300 K

tion potential of the Rydberg state, T is the
temperature in Kelvins. Smoothly dependent
on temperature, coefficients ai were fitted on
the basis of the data for states with n=8–45
and x < 1.6 (x < 1.05 for s-states). To extend
applicability range for our three-terms formula
(1), we propose the following approximation,

ai =
2∑

k=0

biky
−k, i = 0, 1, 2. (2)

The nine fitted once for all coefficients bi allow
for a fast and accurate calculation of ionization rates not only for states within interpo-
lation range with maximal 1% deviation (fig. 1), but also give right values for higher
states with deviation, less than 17%, for n=100 Rydberg states.

Besides a good accuracy for the range of the main interest T=100–1000 K, equation(2)
provides correct extrapolation for ai-coefficients to higher temperatures, so that the de-
viation of ionization rate (1) from directly calculated results does not exceed 26% at
10000 K for all states with n≤100.

Keywords: blackbody radiation; ionization; Rydberg atom
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THE ELECTRONIC g-FACTOR OF HYDROGEN-LIKE IONS  

AS TEST OF BOUND-STATE QUANTUM ELECTRODYNAMICS 

 
G. Werth, K. Blaum, B. Schabinger, S. Sturm 

Johannes Gutenberg University, D-55099, Mainz (Germany)                                                   

 

The g-factor of the single electron bound in hydrogen-like ions serves as test of bound-
state quantum electrodynamics (BS-QED) calculations [1]. Experiments have been 
performed on C5+ [2] and O7+ [3] to an accuracy of a few ppb. They confirm the validity 
of the calculations and represent a stringent test of BS-QED. The experiments use single 
ions confined under nearly ideal conditions for virtually unlimited time in a Penning 
trap. The ions motional frequencies are measured by induced image currents in the trap 
electrodes with high precision for calibration of the superimposed magnetic field. 
Induced spin flips are monitored by coupling of the spin motion to the orbital 
trajectories in a slightly inhomogeneous magnetic field. Assuming the validity of the 
BS-QED calculations a new value for the electron mass can be derived from the 
measured g-factor. Experiments are in progress to measure the g-factor in H-like 19Ca+ 
which will increase the accuracy of the BS-QED test. 

 

Keywords: g-factor, Quantum electrodynamics, Ion traps 
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QED APPROACH TO THE PHOTON-PLASMON TRANSITIONS AND
DIAGNOSTICS OF THE SPACE PLASMA TURBULENCE

A. Glushkova,b, O. Khetseliusb and A. Svinarenkob

aInstitute for Spectroscopy of Russian Academy of Sciences (ISAN), Troitsk, 142090,
Russia

bOdessa University, P.O.Box 24a, Odessa-9, 65009, Ukraine

Energy approach in QED theory is developed and applied to modelling photon-
plasmon transitions with emission of photon and Langmuir quanta in space and as-
trophysical plasma. It is well known that the positronium Ps is an exotic hydrogen
isotope with ground state binding energy of E = 6.8 eV. The hyperfine structure states
of Ps differ in spin S, life time t and mode of annihilation. The ortho-Ps atom has a
metastable state 2s1 and probability of two-photon radiation transition from this state
into 1s1 state 0.0018s−1. In the space plasma there is the competition process of de-
struction of the metastable level - the photon-plasmon transition 2s− 1s with emission
of photon and Langmuir quanta. We carried out calculation of the probability of the
photon-plasmon transition in the Ps. The approach represents the decay probability as
an imaginary part of energy shift dE, which is defined by S-scattering matrix. Standard
S-matrix calculation with using an expression for tensor of dielectric permeability of the
isotropic plasma and dispersion relation- ships for transverse and Langmuir waves al-
lows getting the corresponding probability P (ph− pl). Numerical value of P (ph− pl) is
5.2 ·106U(1/s), where U is density of the Langmuir waves energy. Our value is correlated
with others: P (ph−pl) = 6·106U(1/s). Comparison of obtained probability with lifetime
t (3 gamma) allows getting the condition of predominance of photon- plasmon transition
over three-photon annihilation. The considered transition may control the population of
2s level and search of the long-lived Ps state can be used for diagnostics of the plasma
turbulence.

Keywords: Photon-plasmon; Space; Plasma
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QUANTUM DYNAMICS OF THE RESONANT LEVELS FOR ATOMIC
AND NUCLEAR ENSEMBLES IN A LASER PULSE: OPTICAL
BI-STABILITY EFFECT AND NUCLEAR QUANTUM OPTICS

O. Khetseliusa

aOdessa University, P.O.Box 24a, Odessa-9, 65009, Ukraine

Present paper has for an object (i) to carry out numerical quantum computation
of a temporal dynamics of populations differences at the resonant levels of atoms in a
large-density medium in a non-rectangular form laser pulse and (ii) to determine pos-
sibilities that features of the effect of internal optical bi-stability at the adiabatically
slow modification of effective filed intensity appear in the sought dynamics. It is known
that the dipole-dipole interaction of atoms in dense resonant mediums causes the in-
ternal optical bi-stability at the adiabatically slow modification of radiation intensity.
The experimental discovery of bistable co-operative luminescence in some matters, in
crystal of Cs3Y2Br9Y b3+ particularly, showed that an ensemble of resonant atoms with
high density can manifest the effect of optical bi-stability in the field of strong laser
emission. The Z-shaped effect is actually caused by the first-type phase transfer. On
basis of the modified Bloch equations, we simulate numerically a temporal dynamics of
populations differences at the resonant levels of atoms in the field of pulse with the non-
rectangular ch form. Furthermore, we compare our outcomes with the similar results,
where there are considered the interaction between the ensemble of high-density atoms
and the rectangularly- and sinusoidally-shaped pulses. The modified Bloch equations
describe the interaction of resonance radiation with the ensemble of two-layer atoms tak-
ing into account the dipole-dipole interaction of atoms [1]. A fundamental aspect lies in
the advanced possibility that features of the effect of internal optical bi-stability at the
adiabatically slow modification of effective filed intensity for pulse of ch form, in contrast
to the pulses of rectangular form, appear in the temporal dynamics of populations’ dif-
ferences at the resonant levels of atoms. Modelling nuclear ensembles in a super strong
laser field provides opening the field of nuclear quantum optics [2].

Keywords: Radiation; Laser; Atom

References
[1] O. Khetselius, Photolectronics 17 (2008) 37; A. Glushkov, O. Khetselius et al, Recent Advances in

Theory of Phys. and Chem. Systems (Springer) 15 (2006) 285;
[2] T.J. Burvenich,J. Evers, C.H. Keitel, Phys. Rev. Lett. 96 (2007) 142051; A.Glushkov, S. Mali-

novskaya, O.Khetselius, Europ. Phys. Journ. (2008). A. Glushkov, O. Khetselius et al, Recent
Advances in Theory of Phys. and Chem. Systems (Springer) (2008);

We-40

98



RELATIVISTIC CALCULATING THE HYPERFINE STRUCTURE
PARAMETERS IN THE HEAVY-ELEMENTS AND LASER
SEPARATION OF ISOTOPES AND NUCLEAR ISOMERS

O. Khetseliusa

aOdessa University, P.O.Box 24a, Odessa-9, 65009, Ukraine

Relativistic calculation of the spectra hyperfine structure parameters for heavy ele-
ments is carried out. Calculation scheme is based on gauge-invariant QED perturbation
theory with using the optimized one-quasiparticle representation at first in the theory of
the hyperfine structure for relativistic atomic systems [1], [2]. Within the new method it
is carried out calculating the energies and constants of the hyperfine structure for valent
states of cesium 133Cs, Cs-like ion Ba, isotopes of 201Hg, 223Ra, 252Cf are defined.
The contribution due to inter electron correlations to the hyperfine structure constants
is about 120-1200 MHz for different states, contribution due to the finite size of a nucleus
and radiative contribution is till 2 dozens MHz. Obtained data for hyperfine structure pa-
rameters are used in further in laser photoionization detecting the isotopes in a beam and
the buffer gas for systematic studying the short-lived isotopes and nuclear isomers. We
propose a new approach to construction of the optimal schemes of the laser photoioniza-
tion method for further applying to problem of the nuclear reactions products detecting.
It’s studied the reaction of spontaneous 252Cf isotope fission on non-symmetric frag-
ments, one of that is the cesium nucleus. The corresponding experiment on detecting the
reactions products is as follows [1]. The heavy fragment of the Cf nucleus fission created
in the ionized track 106 electrons which are collected on the collector during 2 mks. The
collector is charged negatively 40mks later after nuclear decay and 10mks before the laser
pulse action. The photo electrons, arisen due to the selective two-stepped photoioniza-
tion are drafted into the proportional counter for their detecting. Usually a resonant
excitation of Cs is realized by the dye laser pulse , the spectrum of which includes the
wavelengths of two transitions 6S1/2-7P3/2 (4555A) and 6S1/2-7P1/2 (4593A). This
pulse also realizes non-resonant photoionization of the Cs excited atoms. The disadvan-
tages of the standard scheme are connected with non-optimality of laser photoionization
one, effects of impact lines broadening due to the using the buffer gas, the isotopic shift
and hyperfine structure masking etc. We proposed new laser photoionization scheme,
which is based on a selective resonance excitation of the Cs atoms by laser radiation into
states near ionization boundary and further autoionization decay of excited states under
action of external electric field [2]. The corresponding optimal parameters of laser and
electric fields, atomic transitions, states, decay parameters etc are presented.
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GENERATION 0F X-RAY RADIATION AT THE INTERACTION  
OF CHARGE  PARTICLES WITH DIELECTRICS 

 
V.P. Petukhov 

 
D.V. Scobeltsin Institute of Nuclear Physics, MSU, 119991 Moscow, Russia 

               
          The transmission of ions through dielectric capillaries has attracted considerable 
attention during recent years [1]. [2] and [3]. As a result of experimental and theoretical 
studies performed, it was demonstrated that high transmission coefficient ions through a 
dielectric channel is explained  by electrification  of  channel walls in the course of  ions 
motion, followed by self- organization of a beam – wall charge system, i.e. a charge is 
generated, at which there are no more collisions of ions with the wall and no more changes in 
the charge distribution. In this work we investigate some properties of the characteristic X-
rays induced by protons and electrons at the interaction of charge particles with dielectrics. 
The measurements of the X-rays are importance for an understanding of the mechanism   
transporting    charge particles  through  glass capillaries. 
       It was measured Si-K rays excited by 100 keV protons impeding on the quartz plate. It is 
measured that the quartz  emits three orders of magnitude stronger Si-K� rays than silicon 
samples. After the proton beam was turned off the X-ray detector was still counting radiation 
coming from the target. That is the residual activity has been observed in quartz sample. We 
have measured the yield of the enhancement X-rays and the duration of the residual  emission 
as a function of the beam current, the pressure in the chamber and the angle of grazing. The 
results of the measurements indicate that the enhancement emission from the insulators is 
related with electrical charge-up and discharge on the bulk and on the surface of the target 
due to incident protons.  
       We also investigate the transmission of   electrons with the energy from 1 keV to 30 keV 
through   glass tube, poly-capillaries  and  tapered glass capillary. The experiment was 
conducted using  chamber designed for electron and X-Ray spectroscopy measurements. 
Glass poly-capillaries were fabricated by M.A. Kumakhov, Institute for Roentgen Optics.  

        The main results of these measurements are: The transmission coefficient of electrons 
depends on the size of capillary and decreases with the increase of incident electron beam 
current. The transmission coefficient of electrons decreases with the increase of time of 
measurement and after that the curve flattens. Electron energy at the exit of glass tube differs 
by several percent from energy of incident electrons, i.e. the most part of electrons moves 
without collisions with the wall of the tube. From the X-ray spectrum at the exit of the glass 
tube follows that the part of the electrons ionizes the atoms of the wall during collision with 
the walls.  The results of the measurements indicate that the transporting of the electrons 
through the glass capillary is related with electrical charge-up on the surface of the dielectric 
due to incident electrons. 
Keywords: Proton, Electron, X-ray, Capillary, Dielectric 
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ELECTRON-IMPACT EXCITATION OF Yb RESONANCE LINE 

O.B. Shpenik, M.M. Erdevdy, J.E. Kontros 

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str., 88017 Uzhgorod,  
Ukraine 

Studies of rare-earth atom excitation by electron impact, in particular, optical excitation functions 
(OEFs) is of specific interest by a number of reasons, including applied ones, i.e. creation of lasers 
using the above metal vapors as working media. Of particular interest is ytterbium atom, though the  
number of papers dedicated to relevant 
problems is quite scarce. This is primarily due to 
the complexity of the Yb atom spectrum, weak 
intensity of spectral lines and high temperature 
required to produce necessary concentration of 
atoms. One may mention two quite extensive 
studies on the studies of electron-impact 
excitation of Yb atom [1,2]. First of them deals 
with measurements of OEFs for 36 spectral 
transitions in Yb atom and ion. Electron energy 
spread of exciting electrons in both experiments 
was 0.8–1.2 eV. Therefore measured OEFs 
demonstrated quite smooth behavior with no 
distinct features. 

Here we report on the results of Yb atom 
excitation by monoenergetic electrons near the 
threshold. Excitation of atoms was carried out in 
the gas-filled cell at the incident electron current 
of 100 nA (the energy spread being 50 meV 
(FWHM)) provided by a hypocycloidal electron 
monochromator [3]. The optical emission was 
separated by a diffraction monocromator and 
detected using a photomultiplier. An automated 
setup and measuring technique are described in 
[4]. Figure 1 shows the measured OEF for the 
Yb 398.8 nm (4f146s2 1S0–4f146s6p 1P1

o) resonance spectral line with the 50 meV energy step. As 
seen, this excitation function reveals several structural features at the energies 3.4, 3.9, 4.5, 5.5, 7.1, 
8.1, 8.9 and 9.7 eV. 
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Fig. 1. The OEF of the λ398,8 nm resonance

 spectral line
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 Bismuth is well known as a typical representative of  semimetals, its electronic 
properties being intermediate  between those of metals and semiconductors. The electron 
energy structure of bismuth, responsible for its extraordinary properties, has been studied 
mostly by UPS and XPS techniques for both single crystals and films, sputtered on various 
substrates. However, the energy distribution of the density of bulk and surface electron states 
over the entire Brillouin zone for Bi has not been unambiguously determined yet. Besides, the 
processes of excitation of these states by slow electrons practically have not been 
investigated. 
 Here we report on the studies of the processes of elastic and inelastic scattering of 
slow (0-5 eV) monoenergetic electrons by Ві films, sputtered on a mirror surface of Si (100) 
and a rough ground surface of sapphire Al2O3 (0001) in order to determine the energy 
distribution of surface and bulk electron states of Ві and the specific features of distribution 
of these states by slow electrons. 
 The experiments were performed on a high-vacuum (P~10-7 Pa) automated setup, 
based on a hypocycloidal electron spectrometer (HES). The HES enables an electron beam to 
be formed and analyzed within the energy range 0–10 eV with a full width at half-maximum 
of ~20-50 meV. A typical feature of the HES is the possibility of detecting both elastically 
and inelastically scattered electrons within a small (1-3˚) solid angle with a centre at the 
primary electron beam incidence point. A detailed description of the experimental setup and 
the measurement technique is given in [1]. 
 Experiments of two types were performed: studies of energy dependences of 
elastically backscattered electron intensity and energy loss spectra at different excitation 
energies within the range 0–5 eV. 
 The intensity of electrons, elastically backscattered by the bismuth films under 
investigation within the range 0-5 eV is shown to decrease sharply with the incident electron 
energy increase. 
 The energy loss spectra are also characterized by a sharp decrease of the 
backscattered electron intensity with the excitation energy increase. Besides, the 
backscattered electron intensity also decreases with the energy loss increase. In the loss 
spectra, obtained for the films under investigation at different incident electron energies, 
distinct features are revealed, most likely determined by the excitation of bulk, surface, 
and/or resonance states of Bi. Existence of these states in this energy range was revealed 
earlier from UPS and XPS studies [2,3]. 
 Further investigation with an improved energy resolution of the electron spectrometer 
and various type of the Bi films modification will enable the energy positions of the features 
observed to be determined more precisely and assigned to the excitation of certain electron 
transitions. 
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MODIFICATIONS INDUCED BY DOUBLE PULSED DBD 
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   Plasma treatment is an efficient method used for improved wettability of the 

polymer surface and for surface roughness increasing. This is possible because plasma 
parameters as particle density, collision frequency, mean energy of the particles, presence of 
chemical active species will cause a large variety of elementary processes both within the 
plasma volume and on the plasma-polymer interface. In this way by controlling the plasma 
parameters might control the magnitude of the treatment effects on the polymer surface as 
etching, functionalization or crosslinking.  

Function on the research purposes, the plasma can be generated in different gases, range 
of pressures or discharge geometries. The present experimental set-up consists of a plane-
parallel geometry of dielectric barrier discharge (DBD) system, which presents a second current 
pulse with inverse polarity induced at the decreasing applied voltage flank in addition to the main 
current pulse. This kind of discharge is also named double DBD. The dielectric barriers were 
placed both on ground electrode and high voltage electrode. The experiments were made at 
room temperature, in helium with nitrogen gas mixture, without preliminary vacuum pumping.  

The surface modifications of polymer (polyethylene terephtalate and polyethylene) 
samples were pointed out by two complementary methods: the contact angle method and 
Atomic Force Microscopy (AFM) technique. The plasma parameters (metastables density 
and current density) were analyzed by tunable diode laser absorption spectrometry technique 
(TDLAS) and electrical diagnosis. So, using the TDLAS technique has been proven that the 
highest density of oxygen metastables was located near cathode. Consequently, based on the 
fact that metastable atoms are very important for surface modifications [1] it results that an 
efficient plasma treatment of polymer surface will be obtained if the polymer samples are 
placed on the ground electrode.  

The influence of the voltage pulse parameters as: width, raising and falling rate, 
amplitude and frequency on the secondary discharge formation was studied and correlated 
with polymer surface modifications.  The most interesting result refers to the influence of the 
falling rate of the age pulse on the polymer surface modifications. Te pulsed DBD plasma 
treatment is improved when the discharge is driven by a voltage pulses with very fast falling 
flank. 
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MONOATOMIC DEEP NANOSTRUCTURES ON ALKALI HALIDE SURFACES 
INDUCED BY HIGHLY CHARGED IONS 
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Highly charged ions release a large amount of potential energy when interacting with 
solid surfaces [1]. Each ion can carry up to several tens of keV of potential energy which is 
deposited into a small surface area of a few nm2 on an fs time scale. It has been found that up 
to 80% of this energy is retained into the surface [2]. Thus the electronic system is highly ex-
cited and the subsequent relaxation can induce structural, morphological, or chemical modifi-
cations in the topmost layers of the solid, especially in insulators and layered materials. De-
pending on the material hillock structures, e.g. on CaF2 [3], and modifications in the elec-
tronic system, e.g. on HOPG, were observed [4]. 

 We present atomic force microscopy 
(AFM) investigations of crystalline alkali 
halide surfaces after irradiation with slow, 
highly charged Xe ions. The Xe ions with 
charge state up to 35+ are extracted from a 
room temperature electron beam ion trap 
(EBIT) and decelerated to a kinetic energy of 
40 keV. The alkali halide crystals were cleaved 
and shortly annealed in the vacuum chamber 
prior to irradiation. For high enough charge 
states each ion produces a mono atomic deep 
pit with a diameter of 15 - 50 nm (depending 
on charge state) on the atomically flat surface. 
Figure 1 shows an AFM image of a KBr(001) 
surface irradiated at a fluence of 1x1010 cm-2 
with Xe34+ ions. The pits result from the 
simultaneous desorption of up to 3000 atoms 
from the first atomic layer. The desorption of 
such a high amount of material can not be 
induced by kinetic sputtering, which dominates in this kinetic energy regime, but is induced 
by the excitation due to the potential energy. The pit volume and therewith the sputtering 
yield exhibits a linear dependence on the potential energy. However, the kinetic energy also 
plays an inportant role. Evidence is presented that complex defect centers, i.e. several self-
trapped excitons in a small volume, induced by the highly charged ions are responsible for 
the formation of the pit structures.   

 
Fig. 1. AFM image of a KBr(001) surface irradiated 
with highly charged Xe34+ ions and a fluence of 
1x1010 cm-2. 
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 Insulating nanocapillaries have attracted considerable attention since the discovery of 

capillary guiding [1]. Recent experiments have shown that slow charged projectiles (highly 

charged ions) are guided through nanocapillaries avoiding collisions with the capillary walls. 

Collecting experimental data with different kind of materials is of great importance for the 

understanding of this self-organizing phenomenon. 

  In the present study we measured the 

two-dimensional agular distribution of 3-6 

keV Ne
6+
 ions transmitted trough Al2O3 

capillaries with diameters of a few 100 nm. 

The ions were detected by a position 

sensitive MCP detector. 

We observed the guiding phenome-

non as in our earlier one-dimensional ex-

periments [2], i.e. ions left the capillaries in 

directions close to the capillary axes. 

We performed charge state analysis 

by applying electric fields in front of the de-

tector to separate the different charge states. 

We found that all the transmitted ions are in 

their initial charge state. However we ob-

served significant neutral emission from the 

samples, even at large tilt angles of the cap-

illaries. Earlier similar observations were 

found for polymer capillaries [3], where the 

neutral emission was explained by the neu-

tralization of Ne ions. The fact that no ions 

with lower charge state than the initial were 

detected suggests that the neutral particles are UV photons instead of neutralized Ne ions. 

The MCP is UV sensitive, and UV photons can be created in electron capture processes, 

when the ions get close contact with the capillary walls.  
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Fig. 1. 2-D image of transmitted Ne
6+
 ions through an 

Al2O3 capillary sample. The sample was tilted by 10°. 

Different charge states are separated by an electric 

field. Ions in their initial charge states and neutrals 

(most likely to be photons, see text) were observed. 
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 Studying fragmentation processes of biologically relevant molecules due to highly 

charged ion impact is important to understand radiation damage in biological tissues. Non-

coincident ion spectroscopy is a fast and rather sensitive method to study the double 

differential energy spectra of the charged molecule fragments. Energy spectra reveal the most 

important fragmentation patterns [1].  

      In the present work, we study anisotropies in fragment distribution due to electron 

transfer processes leading to the explosion of small molecules. The experiments have been 

performed at the ARIBE facility at GANIL, Caen (France). Fragmentations of H2O, C6H6 and 

CH4 molecules, which represent different levels of symmetry, have been studied by 30-60 

keV N
6+
 ion impact. Sample spectra of the charged fragments taken at different observation 

angles (with respect to the incident beam 

direction) are shown for C6H6 in Figure 1.  

     At energy of ~2.5 eV, a structure dominates, 

originating mainly from heavy fragments. At 

energies larger than ~4 eV, the structures can be 

attributed to the lighter molecular fragments, in a 

large part, to protons, following the Coulomb 

explosion of multiply charged C6H6 after the 

electron-capture process. Nearly the same applies 

for the other molecules.  

      For fragment energies larger than 20 eV, 

significant anisotropies are found in the angular 

distributions. This is the region, where a high 

degree of multiple ionization by electron transfer 

is likely, leading to large kinetic energy values of the multiply charged fragment ions. The 

anisotropies are increasing with decreasing collision energies. High degree of ionization 

corresponds to small impact parameters, which implicate the role of binary processes in 

fragmentation in accordance with the observed angular and energy dependences. 

 In contrast with C6H6, the angular distributions for H2O present significant anisotropy 

in the wide energy range from 2 to 100 eV. Some experiments have been performed with O
7+
 

and show clearly different fragmentation patterns. These observations are yet to be explained. 
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Fig. 1. Energy spectra of light and heavy 

fragments in collisions of 60 keV N
6+
 and C6H6. 
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We investigated the radiation induced fragmentation of C60 fullerene using tight-
binding molecular dynamics and the parameterization scheme of Papaconstantopoulos et 
al. Fragment size distribution was averaged on a random set of initial configurations for 
excitation energies in the range of 50-1000 eV and with different initial ionizations, 
between 0e and 18e. 

Excitation energy was introduced instantaneously in the system. We have 
considered integer total charges of the initial fullerene, but throughout the fragmentation 
process the charge distribution over different fragments was allowed to be fractional, 
with a view to mimicking the average charges of the fragments in typical experiments. 

We focus on fragment size distributions, especially in the transition region from 
low energies (where asymmetrical dissociation occurs) to high energies (where an 
exponential decay in fragment size distribution of small fragments is observed). 

We also investigated the effect of ionization on fragment size distribution and 
especially on the energy range where phase transition occurs. 

With low excitation energy the fragmentation process occurs through sequential 
C2 evaporation and therefore a U-shape fragment size distribution is formed. For high 
excitation energies predominantly multifragmentation occurs and a power law 
dependence of small size fragments is observed. For low energies however, the fragment 
distributions are not peaked at 1n �  but at higher values. With the increase of the 
excitation energy the peak moves at 1n �  and no fragments with 30n �  appear.  

The different ionizations included in our simulations seemed to decrease the 
energy necessary for phase transition. We calculated the charge for which no excitation 
energy is needed in order for the fragmentation process to occur. 

The results are compared with experimental fragment size distribution spectra 
involving C60 fragmentation, carried out with time of flight mass spectrometers. We 
analyzed the fragment size distribution with respect to energy, as well as the relative 
number of fragmented trajectories (phase transition) with respect to excitation energy and 
charge. 
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ABOVE-THRESHOLD IONIZATION OF CALCIUM BY LINEARLY
AND CIRCULARLY POLARIZED LASER PULSES

G. Buica

Institute for Space Sciences, P.O. Box MG-23, Ro 77125, Bucharest-Măgurele, Romania

Multiphoton ionization (MPI) and above-threshold ionization (ATI) represent well-
studied processes [1, 2]. Above-threshold ionization is a process in which atoms absorb
more than the minimum number of photons required to be ionized, the photoelectron
energy spectrum (PES) consisting of a series of peaks that are equally separated by the
photon energy.

The aim of this work is to extend our previous investigations for Mg [3, 4, 5] to a more
complex two-valence-electron atom such as Ca: We theoretically study MPI and ATI of
Ca in a linearly/circularly polarized femtosecond laser pulse. For this purpose we employ
a nonperturbative method in order to solve the time-dependent Schrödinger equation on
an atomic basis of discretized states. Atomic structure calculations are performed using
frozen-core Hartree-Fock [6] and also model potential approaches and the results are
compared. We investigate the dynamics of the ionization process for different laser pulse
durations and temporal profiles.
We report theoretical results for multiphoton ionization of Ca, in its ground state 4s2 1S,
by the second and third harmonic of a Ti-Sapphire laser field. The photoelectron energy
spectrum and the ionization yield calculated as a function of the laser peak intensity are
studied at the end of the laser pulse. The relative dense electronic structure of the Ca
atom and the core-valence correlation might add new features in the PES, depending on
laser intensity and pulse duration. We expect that the ATI photoelectron energy spec-
trum may exhibit intermediate peaks that are due to ionization from the bound excited
states of the Ca atom. Moreover the main ATI peaks from the photoelectron energy
spectra could exhibit substructures that are also due to the rich electronic structure of
the Ca atom.

Keywords: Above-threshold ionization; Laser; Calcium
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ANGULAR MOMENTUM IN ATOMIC IONIZATION BY SHORT LASER PULSES: 

MULTIPHOTON VERSUS SEMICLASSICAL TUNNELING MODEL 
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c
 Institute for Theoretical Physics, Vienna University of Technology, Vienna, Austria 

In atomic ionization by few-cycle laser pulses doubly-differential momentum distributions near 

threshold exhibit a radial nodal structure that results from peaked partial wave distribution near a 

particular angular momentum [1]. Recently, two different mechanisms were proposed to understand 

the populations of the different partial waves: (i) A biased random walk model assuming stochastic 

uncorrelated multi-photon processes [2], and (ii) a quasiclassical tunneling ionization process [1] 

calculated using classical-trajectory Monte-Carlo [3] simulations which incorporate tunneling 

through the potential barrier (CTMC-T). We compare these two models to results of momentum 

distribution of emitted electrons by solving the time dependent Schrödinger Equation (TDSE) and 

analyze near-threshold structures for different atomic species of the target.  

It can be observed in Fig. 1 that both 

random walk multiphoton and quasiclassical 

tunneling model can predict the first moment 

of the TDSE distribution. However, in a 

Poissonian random walk model a broad 

distribution is observed at variance with both 

the TDSE and the quasiclassical CTMC-T 

results. For Keldysh parameters below or 

close to one, the narrow angular momentum 

distribution near threshold is the result of a 

tunneling process at variance with a broad 

Poissonian distribution resulting from a 

multiphoton random walk. We also find that 

the dominant angular momentum near 

threshold depends strongly on the laser 

frequency and peak field but not on the 

atomic species. This relation is reminiscent of 

generalized Ramsauer-Townsend diffraction 

oscillations [1]. As in the case of electron-ion 

scattering theory [4], it results from the 

existence of interfering paths under the 

influence of two competing forces: the atomic 

Coulomb potential and the electric field of the 

laser. 
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Fig. 1: Angular momentum distribution for the 

first ATI peak for (a) H and (b) Ar. Dots 

correspond to TDSE calculations, squares to the 

multiphoton model (connecting lines are only 

meant to guide the eye). The dashed line shows 

the quasiclassical distribution (CTMC-T). 

Horizontal bars correspond to the semiclassical 

prediction [2]  
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MULTIPHOTON IONIZATION OF ATOMS WITH SHORT INTENSE
LASER PULSES CLOSE TO RESONANCE CONDITIONS

V. D. Rodŕıgueza, D. G. Arbób and P. A. Macric
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In this work, we study Hydrogen ioniza-
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Fig. 1. H(1s) total ionization probabilities
as a function of the laser frequency. Symbols,
TDSE; full line, CC-CV2− results; dashed line,
MCV2−; dotted line, CV2−.

tion by a few cycle laser pulse when the laser
frequency is close to the first excitation level
(2p0) resonance. With this aim, we compare
results of time dependent Schrödinger equa-
tion simulations (TDSE) [1] with three sim-
ple theoretical approaches based on Coulomb-
Volkov (CV) wave functions. In the first one,
called previously (CV2−) the final state time-
dependent wave function is approximated by
the CV wave function for the continuum of
the electron in the field of the nucleus and
the laser pulse. This approximation has an
excellent agreement with TDSE computations
as long as the laser frequency is greater than
atom ionization energy [2]. For lower frequen-
cies, an improved theory called MCV2− was
developed, which takes into account the path-
ways through intermediate bound states [3] in the First Born Approximation. However,
close to resonance this latter approximation overestimate the ionization probabilities.
An improvement is achieved by using the close coupling method that accounts transi-
tions between bound states in more accurate form although neglecting the coupling with
the continuum states. The method called close-coupling CV2− (CC-CV2−) reproduces
fairly well the total ionization probabilities. This can appreciated in Fig. 1, where H(1s)
total ionization probability by a 30 cycle and F = 0.02 au amplitude laser pulse as a
function of the laser frequency near the 1s − 2p resonance energy ω0 = 0.375 au. We
can observe that CV2− results do not show any enhancements around the resonance.
On the other hand MCV2− display such a behavior but overestimate by a factor two
the ionization probabilities. Finally the new CC-CV2− approximation is able to describe
both qualitative and quantitative the TDSE results.
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NON-INVASIVE MARKERS MEASUREMENTS 
 

M.Culeaa, O. Cozara ,E. Culeab 
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bTechnical University of Cluj-Napoca, 400020 Cluj-Napoca, Romania 

Organic biomarkers exhaled or present in urine of healthy and patients suffering of 
diabetes or other diseases were measured by using non-invasive sampling and analysis with 
gas chromatography-mass spectrometry (GC-MS). Acetone was measured by using halothane 
as internal standard. The methods were validated for quantitative determination by studing 
the parameters of linearity, precision, accuracy, limit of detection. Comparative results for 
some VOCs in urine or breath by different methods are presented. 
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RESIDUAL CHARACTERIZATION OF SOME PESTICIDES IN WINE 
 

M. Culeaa, C. Lehenea, O. Cozara 
 

a“Babes-Bolyai” University, Str. M. Kogalniceanu, Nr. 1, Cluj-Napoca, 400084, Romania 
 

A method for the determination of some pesticide residues in wine samples was 
developed using solid-phase microextraction (SPME) and gas chromatography-mass 
spectrometry (GC-MS). The procedure needs the dilution as sample pre-treatment and is 
simple, fast and solvent-free. Some fungicides and insecticides were quantified. The 
reproducibility of the measurements was found acceptable, RSDs below 20%. Detection 
limits of 20 μg/L were good for the maximum admissible concentration for these compounds 
in wine.  

The analytical method was applied to the determination of these compounds in Jidvei 
wine samples from the market. 
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CHARACTERIZATION OF SOME PLANT EXTRACTS BY GC-MS 
 

A. Iordachea, M. Culeab, O. Cozara 
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Recovery study by using different extraction methods is presented for a synthetic 
mixture of some compounds found in plants. The extraction was compared at the same 
variables in the optimization process: amount of samples, extracting solvent volume, 
extraction temperature, extraction time.  

A liquid –liquid extraction method (LLE) was compared with two different solid-
phase extraction method (SPE), a microwave one (MWE) and ultrasonic extraction one 
(USE). Good recovery values for a standard mixture were obtained. Precision of extraction 
methods gave relative standard deviation lower than 3%. The extracts were analyzed by GC 
and GC/MS. A HP-1 capillary column, 30m x 0.32 nm, 0.25�m film thick-ness, in a 
temperature program from 500C, kept 2 minutes, then increased to 2500C, with a rate of 80C 
per minute was used. Good recovery values, between 90-99% were obtained for all the 
extraction methods studied.  

The study was applied for fingerprint chromatograms to characterize the flavors 
extracted from herb plants of different sources.  
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STATISTICAL STUDY OF DATA FOR CIRRHOSIS DIAGNOSIS BY GC/MS 
 

C. Mesarosa, M. Culeaa, O. Cozara 
 

a“Babes-Bolyai” University, Str. M. Kogalniceanu, Nr. 1, Cluj-Napoca, 400084, Romania 
 

Two different methods have been used to study the pharmacokinetic data for chirosis 
diagnosis. Gas chromatographic-mass spectrometry (GC/MS) is one of the best methods used 
for measuring drugs. Applications are very important for purity control, pharmacokinetic 
studies, metabolic studies, clinical applications but also for treatment and diagnosis [1-3]. 
Due to the high sensitivity needed, the selected ion monitoring (SIM) mode was used in 
caffeine test measurements and isotopic dilution by adding known amounts of 15N-
theophylline as internal standard. A single dose of 4 mg/kg p.o. of caffeine was followed by 
blood concentrations measurements at two points, 1h and 9 h. Caffeine clearance, measured 
in patients with cirrhosis and chronic hepatitis, was reduced and half live time was increased 
in children with liver disease as compared with control. 
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Laser spectroscopic studies of collisional dynamics in antiprotonic helium

M. Hori

Laser spectroscopy division, Max-Planck-Institut für Quantenoptik,
Hans-Kopfermann-Strasse 1, D-85748 Garching, Germany

Antiprotonic helium (pHe+) atoms are three-body Coulomb systems consisting of a
helium nucleus, antiproton, and electron. The antiproton occupies a Rydberg state with
high principal (n ∼ 38) and angular momentum (� ∼ n − 1) quantum numbers. We
describe systematic experimental studies of various atomic collision processes associated
with this atom carried out at CERN [1], namely:

• Formation: the pHe+ atom is formed when an antiproton is captured by a helium
atom via the process p+He →pHe+ + e−. By laser spectroscopy we measured the
distribution (n, �) of the states where this occurs [2, 3, 4, 5].

• Collisional deexcitation: some pHe+ states are rapidly destroyed by collisions with
other helium atoms, whereas others retain microsecond-scale lifetimes at very high
collision rates.

• Internal Auger emission: some pHe+ states have a large coupling to the electronic
continuum, which causes the electron to be emitted via external Auger decay within
several picoseconds to a few nanoseconds. We found that the Auger rates for some
states are strongly enhanced by a coupling to an electronically excited pHe+ state
[6].

• Antiprotonic helium ion and collisional Stark effects: After the Auger emission, a
pHe2+ ion is produced. We measured the lifetime of these ions against annihilation
of the antiproton via collisional Stark effects [7].

Keywords: antiprotonic helium; exotic atoms; collisional quenching
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INTERACTION OF POSITRONIUM ATOMS WITH PARAMAGNETIC 
MOLECULES  MEASURED BY PERTURBED ANGULAR DISTRIBUTION IN 

 3 -  GAMMA ANNIHILATION DECAY 
 

E.A. Ivanov a, I. Vataa, S.Toderiana, D. Dudua, I.Rusena and S. Nitisora 

 
aNational Institute for Nuclear Physics an Engeneering –Horia Hulubei, Bucharest 

 
 

Positronium, the simplest atomic structure, constituted by an electron and a positron, in the 
triplet state ( S=1) decays by three gamma annihilation having a life time of 142 ns in 
vaccum.The Positronium annihilation is affected by the magnetic field because in magnetic 
field the M=0 states of ortho-Positronium is mixed with M=0 states of para-Positronium 
atoms in a coherent state called ortho-like Positronium.The mixing fraction of the two M=0 
states, depend on the magnetic field intensity and has as effect a    ”quantum beat” of the 
angular time distribution of gamma annihilation decay. This effect was predicted by V.G. 
Baryshevski [1].  
The Time Di�erential Perturbed Angular Distribution (TDPAD) method in connection with 
long-lived Positron Life-Time Spectroscopy (PLTS) have been used to observe ”quantum 
beat” spin oscillations of positronium atom in an external magnetic �eld. PAD spectra for 3� 
decay of Positronium show the oscillations in an external magnetic �eld.  
The annihilation characteristics are  not influenced by Positronium interaction with Argon, 
Nitrogen, Hydrogen. 
The Positronium depolarization and de coherence  effects due to the Oxygen molecules 
paramagnetism were observed. 
Our results are encouraging in developing a new method for investigating magnetic field at 
atomic scale. 
Keywords: Positronium, quantum beats, polarization, coherence,  paramagnetic molecules 
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NEGATIVE DIFFERENTIAL CONDUCTIVITY OF POSITRONS IN GASES 
 

          A. Banković1, Z.Lj. Petrović1, G. Malović1, J.P. Marler2 and R. E. Robson3 

 

1 Institute of Physics, POB 68, 11080 Belgrade, Serbia  
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3 CAMS, RSPhysSE, Australian National University, Canberra 2600, Australia 
  

A new series of calculations of positron transport properties was carried out recently [1,2] 
based on current experimental cross section data and an improved understanding of the 
non-conservative transport for electrons [3,4].  It was found that positrons show a specific 
form of negative differential conductivity due to positronium (Ps) formation which while 
being a similar non-conservative process to electron attachment has a magnitude several 
orders higher.  Thus it was found that bulk drift velocity WB (the velocity of the center of 

the swarm) has negative 
differential conductivity 
(NDC) even when the 
flux drift velocity wF 
(mean velocity) does not 
show any signs that 
conditions favourable to 
NDC are met in that 
particular gas. The 
relationship between the 
two drift velocities may 
be shown through the 
following equation [3]: 

dE

d

e
wW PS

FB

αε
3

2−=  (1) 

where αPS is the Ps 
formation rate coefficient, 
ε is the mean energy and 
E is the electric field.   

In this paper we perform calculations based on eq. (1), on momentum transfer theory and 
on conditions from [4].  
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Figure 1. Calculation of the drift velocities for positrons in 
hydrogen [5] based on Monte Carlo Simulations and on eq. (1). 
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Annihilation of protonium by charged particle impact

A. Igarashia and L. Gulyásb

a Department of Applied Physics, Faculty of Engineering, University of Miyazaki,
Miyazaki 889-2192, Japan

bInstitute of Nuclear Research of the Hungarian Academy of Sciences (ATOMKI),
H-4001 Debrecen, P O Box 51, Hungary

The protonium (Pn = pp̄), the bound state of a proton and an antiproton, receives
particular interest both from experimental and theoretical points of view [1]. Its for-
mation is most effective in the low-energy collision between p̄ and atomic or molecular
hydrogen, where the antiproton the heavy “electron”substitute the electron, thereby the
Pn comes into existence. The energy matching condition results Pn(n�) in quantum
states where n and �, the principal and angular quantum numbers, take large values
(n = 30 − 60 and � � 1 ) [2].

States of Pn with large n and � quantum
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Fig. 1. Partial-wave cross sections for electron-
impact annihilation of Pn in full quantal (solid
line and circles) and in the corresponding semi-
classical (dashed line and crosses) calculation
for the 40p initial states at Ec = 0.13 center of
mass collision energy.

numbers are stable against the p-p̄ annihila-
tion, however, surrounding electric field or col-
lision with charged projectile by inducing �

mixing may affect this stability, as the anni-
hilation is very fast for the s states [3].The s
states are those compounds of the p and p̄ sys-
tem where the particles approach each other
so close that they effectively experience the
strong interaction.

In this work we analyze the mechanism of
annihilation of Pn induced by charged parti-
cle impact within the frame of close-coupling
treatment. Figure present the annihilation cross
sections versus the total angular momentum of
the system (J) for Pn, initially in 40p state, in
collision with electron projectile. These calcu-
lations reveal that the energy dependence of
the annihilation cross sections and the decay mechanisms differ considerably for each
initial state of Pn(n�). Scaling of cross sections are also discussed.
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INFORMATION ABOUT TS-1 AND TS-2 DOUBLE IONIZATION MECHANISMS 
FOR  POSITRON AND ELECTRON IMPACT IONIZATION OF ARGON* 

 
R.D. DuBois, J. Gavin, O. G. de Lucio 

 
Department of Physics, Missouri University of Science and Technology, Rolla, MO USA 

 
As explained by McGuire[1] many years ago, at intermediate energies removal of 

two, or more, electrons from an atom can occur via two channels.  One channel consists of 
the projectile interacting independently with and transferring energy to each of the electron, 
leading to their ejection.  This has become to known as the TS-2 mechanism which has an 
amplitude which scales as (Z/v)n, where Z and v are the charge and velocity of the projectile 
and n is the number of electrons removed.  The other channel, known as the TS-1 
mechanism, results from the projectile interacting with only one of the electrons which, as it 
is being ejected, interacts with the second (or more) electrons, leading to their ejection also.  
The amplitude for this process scales as Z/v.  The cross section for double ionization is 
obtained by summing these amplitudes and squaring.  This results in a TS-1 term which 
scales as (Z/v)2, a TS-2 term which scales as (Z/v)4, and a cross (or interference) term which 
scales as (Z/v)3.  Note that for negative particle impact, e.g., electrons or antiprotons, the 
cross term is positive while for positive particle impact, e.g., positrons or protons, the cross 
term is negative.  Also note that because of the velocity dependences, at high impact energies 
the TS-1 term eventually dominates whereas at low impact energies the TS-2 term can 
dominate.  Many experimental studies were performed using a variety of projectiles and 
targets to investigate which mechanism was important.  However, little is known about how 
these two mechanisms contribute and interfere when both are active. 

A method being used in our lab to shed some light on this subject is to measure the 
angular dependences of the electron emission resulting from single, double, and triple 
ionization of argon by positron and electron impact.  Data are obtained for electron and 
positron impact under identical conditions and ratios of multiple to single ionization are 
measured.  Comparisons then allow us to extract information about how each of the three 
terms discussed above contribute to the angular emission of electrons. 
To date, data have been collected for 200, 500, and 1000 eV impact.  This covers situations 
where the TS-2 term should dominate, where both terms should be comparable in magnitude, 
and where the TS-1 term should dominate.  However, in all cases, both terms are active and 
will interfere.  These data will be presented and discussed 
 
* work supported by the National Science Foundation 
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IONIZATION OF MOLECULES BY POSITRON AND ELECTRON
IMPACT

I. Tótha, R. I. Campeanub, V. Chişa and L. Nagya

aFaculty of Physics, Kogălniceanu 1, 40084 Cluj, Babeş-Bolyai University, Romania
bDepartment of Physics and Astronomy, 4700 Keele Street Toronto, York University,

Canada

In our work we compare theoretical cross sections for the ionization of several molecules
by positron and electron impact. Previously we have performed calculations for the
positron impact ionization of the H2 [1], N2 [2], O2 [3], CO [4], CO2 [4] and CH4 [5]
molecules. Recently, we have extended our research to the ionization of molecules by
electron impact, employing the method used in the case of positron projectiles, adapted
to the case of electron impact ionization. This adaptation implies not only the change
in the sign of the projectile charge, but one should take into account the exchange inter-
action too.

For both projectiles, the calculations were based on the simple CPE (Coulomb plus
plane waves with full energy range) and the DWBA (Distorted Wave Born Approxima-
tion) methods [6]. In both cases, the ground state of the target molecule was approxi-
mated by Gaussian-type wavefuctions. The distorted waves were determined by solving
the radial Schrödinger equation in the field of the spherically averaged potential, created
by the nuclei and the electrons of the target. In the case of electron projectiles direct
and total (direct plus exchange) cross sections were calculated. For energies lower than
200 eV, we found that the direct ionization cross sections are higher for electron impact
ionization than for positron impact ionization. By taking into account both the direct
and exchange processes, the cross sections were diminished, and we generally obtained
lower values in the case of electron induced ionization. In both cases (positron and elec-
tron projectiles) the calculated distorted-wave cross sections were in better agreement
with the experimental data, than the CPE cross sections, especially in the case of the
smaller diatomic molecules.

We may conclude that in the case of both projectiles, the use of correct distorted
waves is important to calculate reliable cross sections. As expected, we have generally
obtained higher cross sections for positron projectiles compared to the electron impact
ionization case, where both the direct and exchange processes were taken into account
in order to obtain accurate cross sections.

Keywords: ionization; distorted waves; exchange interaction
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CROSS  SECTION  OF POSITIVE  IONS  PRODUCTION  IN  ELECTRON  COLLISION  
WITH  ADENINE  MOLECULES 

 

    M.I. Sukhoviya, V.V. Stecovych., M.I. Shafranyosh, O.V. Pavlyuchok, L.L. Shimon, 

 I.I Shafranyosh 

 

Department of Physics, Uzhgorod National University, Uzhgorod 88000, Ukraine 
 

A high-energy particle penetrating in a solid generates a large number of secondary electrons, 
predominantly with small energies. According to the existing notions [1], such low-energy electrons 
mostly account for destructive changes in biological structures on a molecular level, their main 
targets being genetic macromolecules. The results of our previous experiments [2,3] showed that 
the electron impact on heterocyclic fragments of such macromolecules induces various physical 
processes, including excitation, ionization, dissociative excitation, and dissociative ionization. 
     Reliable data on the ionization cross sections of molecules can be obtained only in high-
precision physical experiments, in which the influence of the ambient medium is reduced practically 
to zero. This approach has been implemented in our investigation using modern equipment and the 
method of crossed molecular and electron beams. This study was stimulated by the fact that no such 
experiments have been reported so far. 
     Production of positive ions of adenine molecules (nucleic acid base) has been studied using a 
crossed electron and molecular beam technique. The method developed by the authors  enabled  the 
molecular beam intensity to be measured and the electron dependences and the absolute values of 
the total cross sections of production of positive adenine ions to be determined. A five-electrode 
electron gun with a thoriated tungsten cathode was used as an electron beam source. Electron gun 
temperature was about 410K providing gun parameter stability during operation.  Electrons having 
passed the interaction region were trapped by a Faraday cup kept at the positive potential. 
Measurements were carried out at the 10-7–10-6 A electron beam current and the ΔE1/2~0.3 eV 
(FWHM) energy spread. Electron gun was immersed into the longitudinal magnetic field (induction 
B = 1.2⋅102 Tl). An electron energy scale was calibrated with respect to the resonance peak of the 
SF6

– ion production, the position of which determined the zero point of the energy scale. 
     Using the technique developed by the authors, the absolute cross sections of the positive adenine 
ions formation have been determined within the 0–200 eV incident electron energy ranges. It has 
been found that the maximal positive ion production cross section is observed at 90 eV and reaches 
2.8⋅10-15 cm2. Value of the ionization cross section obtained by us has a sense of the total cross 
section, i.e. it includes ion production cross sections for both initial molecules and its fragments. 
The mass spectra of adenine have been obtained. Formation of the primary molecular positive ion 
dominates. 
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IONIZATION OF GUANINE MOLECULES 
BY ELECTRON IMPACT NEAR THRESHOLD 

 

A.N. Zavilopulo, O.B. Shpenik, A.S. Agafonova 
 

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str.,  
Uzhgorod 88017, Ukraine, E-mail: an@zvl.iep.uzhgorod.ua 

 
In the recent years the studies of biomolecules by traditional techniques of physics of 

electron collisions have been attracting a considerable interest. The present paper is devoted 
to the investigation of the specific features of guanine molecule fragmentation process under 
an electron impact, accompanied by the formation of ionized reaction products.  

The experimental setup, used for the studies of partial cross-sections of dissociative 
ionization of molecules by electron impact, is described in detail in our earlier papers (See, e. 
g., [1]). Therefore, here we mention only its basic elements. The setup is based on a 
monopole mass spectrometer with an electon ionizer and a multichannel molecular source of 
effusive type. The product ions of the dissociative ionization reaction, separated by the 
analyser field, were detected by a channel electron multiplier. The ionizing electron energy 
scanning and data storage were performed by a computer with an intentionally developed 
software for measurements in the cycling mode of multichannel counting with data storage 
depending on the signal magnitude.  

The duration of one measurement 
cycle was chosen in such a way that the 
amount of pulses of the useful signal in 
the maximum of the cross-section 
dependence on energy be not less than 
104. In short, the measurement 
technique consisted in the following. 
First the guanine molecule mass 
spectrum was measured at the ionizing 
electron energy of 40 and 70 eV, then 
for each fragment the dissociative 
ionization function was measured. The 
mass scale was calibrated, using Ar, Kr, 
and Xe, and appearance potentials for 
different groups of frgament ions were 
determined, using a special method of 
processing of the threshold part of the 
cross-section by polynomial fit [2]. From the threshold dependences, the fragment 
appearance potentials were determined. It was also important to study the intensities of the 
fragment ions of the initial molecule versus temperature. The temperature range was 323–
478 K. The measurements were reduced to the mass spectra measurements at different 
temperatures at Еion=50 eV (Fig.1). From the temperature dependences, the evolution of the 
fragment formation could be traced as well as the effect of temperature on the dissociative 
ionization.  
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Fig.1 Mass spectra of the guanine molecules 
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IONIZATION AND DISSOCIATIVE IONIZATION OF A РОРОР MOLECULE 
 

L.G.Romanova, A.N.Zavilopulo, A.S.Agafonova, 
O.B.Shpenik, M.I.Mykyta 

 
Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str.,  

Uzhgorod 88017, Ukraine, E-mail: an@zvl.iep.uzhgorod.ua 
 

Electron-impact single and dissociative ionization of 1,4-bi(5-phenyloxazolyl) 
benzene (РОРОР), an organic luminophore with a large Stokes shift, is studied. This material 
is promising for its application as a component of laser active media, liquid and plastic 
scintillators, luminescent concentrators of solar energy [1]. A detailed description of the 
setup, based on a monopole mass spectrometer MX-7304A, is given in [2]. Measurements 
were performed at different temperatures (420–500 K) and ionizing electron energies. Paths 
of fragmentation of the molecule under study are proposed, based on the presence of a 
common system of conjugated π-electrons and heteroatoms in the POPOP molecules what 
enables one to determine the most probable sites of charge localization at the formation of a 
molecular ion [3]. From the experimentally measured dependences of the ionization cross-
section on the ionizing electron energy thresholds of appearance are determined for the 
fragments of the investigated molecule with the highest relative intensities in the mass 
spectrum. Contrary to the mass spectrum, presented in the NIST database, we have registered 
a fragment with m/z = 144 [C9H6ON]+, which is complementary to the fragment with 
m/z = 220 [C15H10ON]+ (present in the NIST mass spectrum), and determined the threshold 
of its appearance (Eap= 9.51 eV). 
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Fig.1. Breaking of a С–С bond in the РОРОР molecule, resulting in the formation of the 
fragments with m/z 220 and 144 
 
The work was carried out in the framework of the agreement No. F014/309-2007 of DFFD of 
the Ministry of Education and Science of Ukraine. 
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RADIATIVE CHARACTERISTICS OF POPOP MOLECULES AT LOW-ENERGY  
ELECTRON-IMPACT EXCITATION 

M.M. Erdevdy, O.B. Shpenik, J.E. Kontros 

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str., 88017 Uzhgorod,  
Ukraine 

Organic luminescent compounds are of particular interest due to a possibility of their use as laser-
active media. Laser generation of that kind was reached for the first time using the 1.4-di[2-(5-
phenyloxazolyl)]-benzene (POPOP) vapors [1]. Quite large number of papers is dedicated to the 
studies of spectral and luminescent properties of the above compounds during their optical excitation. 
However, the number of works on their gas-phase excitation by monoenergetic electrons is 
extremely limited. 

Here we report on the 
results of the POPOP 
molecule excitation by 
slow electrons. Excitation 
was carried out using the 
gas-filled cell at the 
incident electron current of 
300 nA (the energy spread 
being 150 meV (FWHM)) 
provided by a 
hypocycloidal electron 
monochromator [2]. The 
optical emission was 
separated by a diffraction 
monochromator and 
detected using a 
photomultiplier. An 
automated setup and measuring technique are described in [3]. Figure 1 shows the emission spectrum 
of the POPOP molecule measured at the 10 eV incident electron energy. The emission bands are 
observed in the 300–500 nm region with the maximum at 381 nm. We have also measured the 
optical excitation functions (OEFs) at the maximum and at the edges of the emission spectrum. The 
excitation thresholds for the above OEFs were measured. The energy position of the features 
revealed in the OEFs allow one to state 
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Fig. 1. The emission spectrum of the POPOP molecule

that the observed emission spectrum is due to S0–S1 and S0–
T1 transitions of the π–π* type.  

eywords: electron, molecule, excitation. 
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ELECTRON SPECTROSCOPY OF POPOP MOLECULES 
 

I.V.Chernyshova, J.E.Kontros, O.B.Shpenik 
 

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str., 
Uzhgorod 88017, Ukraine, E-mail: an@zvl.iep.uzhgorod 

 
 

With the development of laser and thin-film technologies, accurate data regarding the 
structure of organic molecules with high quantum efficiency are required. One of such 
molecules is POPOP. The data on the structure of its molecule have been mostly obtained 
from experiments with photon beams. Additional information can be obtained from the 
studies with monoenergetic electron beams. 

Here we report on the results of studies of constant residual electron energy spectra 
(threshold spectra) in РОРОР molecular vapour. 

The threshold spectra were measured using a hypocycloidal spectrometer with a 
resolution not worse than 0.2 eV, earlier described in [1]. The spectra were detected at an 
angle close to 0° with respect to the incident electron beam. The target was formed in a 
vapour cell (P≈10-3Torr). 
 Contrary to the optical 
absorption spectra, in the threshold 
spectrum of РОРОР the bands, 
related to the S0–T1 transition and a 
transition ot a higher-energy triplet 
state, are observed (See Fig.1). At 
the excitation with electrons of 
sufficiently high energy, transitions 
up to S0–S5 were registered in the 
range up to 8 eV. The ratio of 
intensities of the band maxima at 
E=0 eV and at 3.86, 4.6, 7.33 eV is 
630:1.0:0.37:0.29.The probability of 
direct electronic excitation of lower 
triplet states (at 2.5 eV and 4.6 eV) 
is seen to be very low. Even near the 
process threshold it is lower than the 
probability of excitation of ππ* type 
lower singlet states (at 3.86, 5.6, and 7.33 eV). Note that the observed maximum at 9.8 eV 
corresponds to an overexcited state. Our results agrees with [2] wery well. 
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Fig.1 РОРОР molecule excitation threshol spectrum 

(Er=0.1eV) 
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ELECTRON-IMPACT IONIZATION OF GLUCOSE AND VITAMIN C 

J.E.Kontros, I.V.Chernyshova, O.B.Shpenik

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str.

Uzhgorod 88017, Ukraine 

The mechanisms of destruction of living cells by ionizing radiation can be studied

in collisions of biomolecules with slow electrons. Glucose and vitamin C belong to the 

group of organic compounds playing an important role in the vital functions of living 

organisms. Therefore the comprehensive study of these organic compounds is actual. 

 In this work, the results of investigations of electron-impact ionization cross 

sections (formation of positive and negative ions) of glucose and vitamin C are presented. 

Experiments were performed using a modernized hypocycloidal spectrometer with 

energy resolution not exceeding 0.2 eV [1]. The target was formed using a vapor-filled 

cell (P~10
-3

 Torr). 

Below the first ionization potential 

(<11 eV) the main mechanism of 

interaction is the process of dissociative 

attachment of electron with formation of an 

anion in the final state. So, for the vitamin 

C the largest contribution to the cross-

section is given by O
-
, H

-
 and OH

-
 anions. 

This is supported by investigations of [2]. 
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Fig. 1. The total electron-impact ionization

cross-section for vitamin C molecule.

0

In Fig.1 the total electron-molecule 

ionization cross-section for vitamin C in 

the energy region from the threshold  up to 

34 eV is presented. The appearance energy 

value for the positive vitamin C molecular 

is equal E=10.8 eV. Detailed analysis of the 

measured ionization curves allows the 

number of weak features related to the 

appearance of fragment ions of the 

investigated molecule to be found.
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THEORETICAL CROSS SECTIONS FOR IONIZING PROCESSES OF DNA BASES 

IMPACTED BY H
+
, HE

2+
 AND C

6+
 IONS: A CLASSICAL MONTE CARLO 

APPROACH 

 

C. Champion, H. Lekadir, I. Abbas and J. Hanssen. 

 

Université Paul Verlaine Metz, Laboratoire de Physique Moléculaire et des Collisions 

ICPMB (FR CNRS 2843), Institut de Physique, 1 Bd Arago, 57078 Metz, Cedex3, France. 

 

 

Radiobiological effects like cellular death and chromosome aberration induction are 

now well documented and clearly highlight the absolute necessity to describe at the finest 

scale (atomic scale) the underlying physics of irradiations. 

In this work, we present total and singly differential cross sections for multiple 

ionizing processes of biological systems (Adenine, Cytosine, Guanine, Thymine and Uracil) 

impacted by protons, α-particles and Carbon ions in the 10 keV/u -10 MeV/u energy range. 

To do that, we used a Classical Trajectory Monte Carlo (CTMC) method, initially 

developed by Zarour et al. [1] for multiple electron transfer in slow collisions of highly 

charged ions with atoms, and more recently adapted by Abbas et al. [2] for studying the water 

ionization induced by proton and α-particle impact. In this kind of approach, all the particles 

are described in a classical way by assuming that the target electrons are treated as virtual 

particles whose creation is linked to the potential energy induced by the other particles 

(classical over-barrier (COB) approach). 

The obtained results clearly exhibit the importance of the multiple processes with in 

particular single and double capture (SC and DC, respectively) which become the most 

preponderant processes in the low-energy range. Moreover, we observed that the different 

nucleobases provided very similar results in terms of total cross sections, for all the processes 

investigated here.  
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THE EFFECT OF INTERNAL STATE OF DIATOMIC MOLECULES ON THE 
DYNAMICS OF ENERGY EXCHANGE 

 
V.M. Azriel, L.Yu. Rusin 

 
Institute of Energy Problems of Chemical Physics RAS, 
Leninski prospect 38, Bldg.2, Moscow 119334, Russia 

 
Quasiclassical trajectory calculations of inelastic collisions of two molecules CsBr 

have been fulfilled for the case when one molecule before collision obtained zero internal 
energy. Initial vibrational and rotational states of the second molecule are characterized by 
equilibrium distributions corresponding to temperature 1000K everyone separately or both 
together. Also collisions of two "cold" molecules (V=0 and J=0) are considered. 
Calculations show, that at absence of rotational energy for both partners of collision the 
conversion of translational energy into internal degrees of freedom of molecules proceeds 
more effectively, that is confirmed by histograms of distribution of kinetic energy of 
molecules after collision represented on figures 1(a) and 1(c). In both cases the most 
probable value of kinetic energy is less than collision energy and besides in all trajectories 
kinetic energy does not exceed collision energy. The presence of initial rotational excitation 
of one of colliding molecules reduces efficiency of energy transfer (see figures 1(b) and 
1(d)). At the same time the vibrational energy does not change dynamics of energy transfer. 
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Fig. 1. Distributions of kinetic energy of molecules in the end of a trajectory at collision energy 1,0 eV and 
zero initial internal energy of both molecules (a), and also at corresponding to temperature 1000K equilibrium 
initial distributions of rotational (b), vibrational (c) and both comp onents of internal energy (d) of one of 
colliding molecules. 
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OFF-SHELL CONTINUUM-DISTORTED-WAVE THEORY FOR

POSITRONIUM FORMATION FROM NOBLE GAS ATOMS

P. A. Macria and R. O. Barrachinab

aDepartamento de F́isica, FCEyN, Universidad Nacional de Mar del Plata, Deán Funes
3350, 7600 Mar del Plata, Argentina

bCentro Atómico Bariloche and Instituto Balseiro , R8402AGP S. C. de Bariloche, Ŕıo
Negro, Argentina

The formation of positronium in collisions of positrons with noble gas atoms is stud-
ied by means of a modified eikonal final state - continuum distorted wave (EFS-CDW)
approximation. We observe that an independent electron model extension of the EFS-
CDW to many electrons atoms overestimates several times the total cross sections around
its maximum. For the case of highly charged ions colliding with atoms, it was shown [1]
that an accurate representation of both asymptotic and intermediate states is necessary
for a consistent theory of electron capture. For this reason, in this work we explore an
alternative model for the scattering amplitude where off-shell distortion effects are taken
into account.

In Fig. 1, we compare our results for the
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Fig. 1. TCS for Positronium formation in
collisions of positrons against Ne atoms. The
EFS-CDW theory with (Full line) and without
(dashed line) off-shell distortions, is compared
with experimental data by Laricchia et al. [2]
(circles) and Marler et al. [3] (triangles).

total cross sections (TCS) for Ne atoms, with
recent experiments measured on absolute units
by Laricchia et al. [2] and by Marler et al. [3].
As the experiments did not discriminate be-
tween different final Ps bound states, we have
multiplied our theoretical calculations of elec-
tronic capture into the 1s state of Ps by a fac-
tor 1.202 in order to estimate the capture to
excited states. We can see that the EFS-CDW
approximation, without including the off-shell
distortion, largely overestimates the TCS. On
the other hand, we can observe the important
effect introduced by the off-shell corrections.
They reduce drastically the EFS-CDW estima-
tions at low energies and give a milder effect at
higher energies. Even thought the present off-
shell effect seems to overcorrect the EFS-CDW
calculations in the proximity of the maximum
of the TCS, for intermediate and large energies it provides a better overall agreement
with experiments than higher order perturbation theories.

Keywords: Ps formation; off-shell effects
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YOUNG-TYPE INTERFERENCE WITH SINGLE ELECTRONS IN THE

AUTOIONIZATION OF ATOMS BY THE IMPACT OF MOLECULES:

AN INDEPENDENT MEASUREMENT IN THE BACKWARD

DIRECTION

S. Suáreza, D. Fregenala, G. Bernardia, P. Fockea, F. Frémontb, J.-Y.

Chesnelb, A. Hajajib and R. O. Barrachinaa

aCentro Atómico Bariloche and Instituto Balseiro , R8402AGP S. C. de Bariloche, Ŕıo
Negro, Argentina.

bCentre de Recherche sur les Ions, les Matériaux et la Photonique (CIMAP),
CEA-CNRS-EnsiCaen-Université de Caen, 6 bd du Mal Juin, F-14050 Caen Cedex 04,

France.

In a recent article [1] we provided an unprecedented experimental evidence of a single
electron interfering with itself in a set-up that was analogous to an atomic-size double-slit
apparatus [2]. In that version of the famous gedanken experiment proposed by Feynman
in 1963 [3] to illustrate the wave-like nature of matter, the electron originates from the
autoionization of a doubly-excited helium atom following a double capture process in a
30 keV He2+ + H2 collision. The autoionizing He atom plays the role of a single-electron
source, that is independent of the two-center target interferometer. In that experiment,
performed at GANIL (Grand Accélérateur National d’Ions Lourds), in Caen (France),
at least three distinctive oscillations were observed in the angular distribution of the
electron emission cross section, in a range from 95 to 160 degrees. Here, we report the first
results of an independent measurement performed at the Cockroft–Walton accelerator
of the Centro Atómico Bariloche, with 40 keV He2+ projectiles. The electron emission
was observed from 155 to 180 degrees, overlapping with the previous experiment in a
small region of angles and extending its range all the way to the backward direction.
The H2 gas target was provided by a needle of 0.3 mm bore located at the focus of the
cylindrical mirror electron spectrometer [4] to reduce partially the extended gas target
effect and increase the counting rate. The results are consistent with the oscillations
observed with the Caen equipment. The prominent increase of the electron intensity at
180 degrees, despite of no corrections due to gas target extension, can be ascribed to a
backward Glory effect [5, 6].
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MOLECULAR ORIENTATION INFLUENCE ON THE INTERFERENCE

PATTERN

K. Póra, L. Nagy

Faculty of Physics, Babeş–Bolyai University, Kogălniceanu 1, Cluj-Napoca 400084,
Romania

Interference effects in the double differential cross sections for ionization of hydrogen
molecule by fast charged particles have been described theoretically by our group [1]
using the semiclassical approximation. In order to emphasize the interference effects the
cross section ratio of the hydrogen molecule and two hydrogen atoms is represented as a
function of the ejected electron velocity. This ratio shows an oscillating pattern. In our
previous study we examined the interference pattern after integration over all possible
orientations of the molecular axis.

We have also calculated the double differential
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Fig. 1. Cross section ratios at paral-
lel (solid line) and perpendicular (dashed
line) orientation of the hydrogen molecule
respective to the incident projectile direc-
tion, as a function of ejected electron ve-
locities, at forward electron ejection and
zero asimuthal angle of the molecular axis.

cross section in case of the ionization of the hydro-
gen molecule by 13.7 MeV/u C6+ projectile. We
have chosen this projectile because there are al-
ready theoretical calculations [2] available. The
cross sections for different molecular orientations
with our simple model gives similar results as in
paper [2].

The present work studies the influence of molec-
ular axis orientation on the oscillation pattern ob-
served in the cross section ratios as a function of
ejected electron velocity. In Fig. 1. we present the
influence of molecular axis orientation on the cross
section ratio at forward electron ejection. As one
may observe, at parallel orientation of the hydro-
gen molecule respective to the incident projectile
direction, the cross section is less then one, and for
several electron velocities the ratio is almost zero,
which means, that at these electron velocities the interference is destructive. At per-
pendicular orientation of the hydrogen molecule the ratio is grater than one, so at this
orientation the interference is always constructive.

Keywords: Interference effects; Ionization; Hydrogen molecule
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ELECTRON TRANSPORT COEFFICIENTS IN N2O IN RF FIELDS 
 

O. Šašića, b, S. Dupljanina, c S. Dujkoa and Z. Lj. Petrovića 

 
a Laboratory for Gaseous Electronics, Institute of Physics, POB 68 11080 Belgrade, Serbia,  

b Faculty for Traffic and Transport Engineering, University of Belgrade, Serbia  
c Physics Department, Faculty of Natural Sciences, University of Banja Luka, Bosnia and 

Herzegovina  
 

Due to importance in many biological processes, the role in infrared absorption in the Earth 
atmosphere and numerous applications in medicine and technology, electron interactions with 
N2O molecule have been the subject of many studies. To our knowledge, however, the 
electron kinetic in case of time dependent external field hasn’t been investigated. In this 
paper we present calculated swarm data (e.g. electron mean energies, drift velocities and 
diffusion coefficients) for electrons in N2O as well as rate coefficients for individual 
processes in case of time varying crossed electric and magnetic fields. These data are 
interesting in particular for fundamental understanding of processes leading to RF plasma 
maintenance and they are also the necessary input data in modeling RF discharges. 

Cross section set for N2O was the 
compilation of the most reliable 
data from the literature improved 
by a standard swarm procedure 
and tested against new 
experimental data [1]. 
The calculation was made by 
using a well-tested Monte Carlo 
simulation code which was been 
described in details elsewhere 
[2,3]. In our simulations we 
followed the spatiotemporal 
evolution of each electron through 
time steps, in free space without 
any boundaries, in order to 
represent correctly the motion of 
electrons in RF fields. We have 
covered both purely electric and 
also ExB fields that are time 

dependent with a phase between the two of π/2. It should be noted that all electron scattering 
was assumed to be isotropic. A behavior of transport coefficients under the influence of the 
magnitude and the frequency of the fields was studied separately revealing a number of 
complex features in the time dependence, most notably anomalous diffusion.  
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Fig. 1. Dependence of drift velocity (E x B direction) on  
phase for E/N=100 Td, f=100 MHz  and for different  
magnitudes of reduced magnetic field. 
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[1] E. Basurto, J.L. Hernández-Avila, A.M.Juárey, J.de Urquijo, S. Dupljanin, O. Šašić, Z. Lj. Petrović, 28th 

ICPIG, July15-20 2007, Prague, Czech Republic, p.227 
[2] Z. Lj. Petrović, Z.M. Raspopović, S. Dujko, and T. Makabe, Appl. Surf. Sci. 192,(2002) 1-25 
[3] S. Dujko, Z. M Raspopović, Z. Lj. Petrović, J. Phys. D: Appl. Phys. 38, (2005)2952-2966 
[4] K. Maeda., T. Makabe, N. Nakano, S. Bzenić. and Z. Lj. Petrović Z.Lj. Phys. Rev. E 55 (1997)5901 
 

Th-19

137



FIELD-INDUCED ENHANCEMENTS OF DIELECTRONIC RECOMBINATION 
IN Na -LIKE S AND Na-LIKE Ar 

 
I. Orbana, S. Böhma, S. Trotsenkob, and R. Schucha 

 
a Department of Atomic Physics, S - 10691 Stockholm , Stockholm University, Sweden 

b Gesellschaft für Schwerionenforschung, D - 64291 Darmstadt, Germany 
 

Dielectronic recombination (DR) is a two step process in which an electron and an ion 
recombine, first creating a doubly excited state. To finalize DR, this intermediate state then 
decays radiatively below the ionization level of the recombined ion.  DR in the presence of 
external electric fields (DRF) can show enhancement effects as first suggested by LaGattuta 
et al. [1] and experimentally verified by Muller et al. [2] in a crossed-beam experiment. Later, 
DRF was intensively studied for Li-like ions [3, 4], in storage ring experiments. We present 
preliminary results of the first DRF measurments for astrophysically abundant Na-like ions, 
performed at a storage ring.  

     
Fig. 1. Recombination spectra of Na-like S.                           Fig. 2. Normalized enhancement coefficients. 

Recombination spectra of Na-like S5+ and Na-like Ar7+, in the presence of motional 
electric fields ranging between 0 and 185 Vcm-1, were measured at the CRYRING storage 
ring. In the electron cooler section of the storage ring, an electron beam was merged with the 
circulating ions over a distance of 80 cm. A motional electric field was created in the 
interaction region by inducing an angle between the 30 mT magnetic field guiding the 
electrons and the ion trajectory. Recombined ions were separated from the circulating beam 
in the first dipole magnet after the electron cooler. Field ionization at this dipole magnet 
hindered detection of ions recombined into states with principal quantum number n > 23.  

The recorded spectra (fig. 1) were integrated over the range affected by the external 
electric fields and the results were normalized to the 0 field case.  An enhancement increasing 
with the electric field was observed for both ions, with enhancement factors of over 2 and 
1.8, in case of Na-like S and Na-like Ar, respectively. Saturation is not reached yet, as seen 
from the shape of the enhancement vs. electric field (see figure 2), even higher enhancements 
are to be expected at stronger fields. These enhancements can have important effects on 
various astrophysical and laboratory plasma properties, where external electric or magnetic 
fields are present, e.g. in magnetically confined fusion plasma. 
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STUDY OF LEFT-RIGHT ASYMMETRY IN PHOTOIONIZATION

T. Ricsókaa, S. Ricza, Á. Kövéra, K. Holsteb, A. A. Borovyk Jr.b, D. Vargaa,
S. Schippersb and A. Müllerb

aInstitute of Nuclear Research of Hung. Acad. Sci., H-4026 Debrecen, Hungary
bInstitute for Atomic and Molecular Physics, Justus-Liebig University, D-35392

Giessen, Germany

In the last years we observed a left-right asymmetry in the double differential cross
sections of the outer s-shell photoelectrons ionized by linearly polarized synchrotron
radiation. In order to verify our previous observation [1] a series of measurements were
carried out at the beam line BW3 of the DORIS-III storage ring (Hamburg, Germany).
The left-right asymmetry parameters were determined for He 1s, Ne 2s, Ar 3s and Xe 5s
shells. The emitted electrons were analyzed with a newly built ESA-22 type ([2]) electron
spectrometer of the Institute for Atomic and Molecular Physics (Giessen, Germany).

Figure 1. shows the comparison between

Fig. 1. The experimental and theoretical s-
shell left-right asymmetry parameters as a func-
tion of the atomic mass. The solid line is drawn
to guide the eye.

our previous (solid circles) [1] and present (open
circles) experimental left-right asymmetry pa-
rameters as well as the calculated one (dashed
line and right hand scale). The theoretical es-
timation is based on the parity violation by
the weak interaction between atomic nucleons
and electrons (Standard Model) [1]. The ex-
perimental data sets do not increase with in-
creasing nuclear mass and are in a good agree-
ment with each other. This behaviour and the
order of magnitude of the measured effect do
not agree with the theoretical predictions. The
present measurements confirm strongly our sta-
tement from Ref. [1] that the observed left-
right asymmetry cannot originate from the weak
interaction. The present non-zero asymmetry parameters suggest the breakdown of space
inversion symmetry in photoionization and refute the interpretation of this breakdown
with a few cycle VUV photon package. The present observation together with our previ-
ous one [1] strongly indicates that the left-right asymmetry is a result of a real physical
process and cannot be interpreted as an instrumental effect.

We thank the staff of DORIS-III of HASYLAB for assistance during the measure-
ments. This work was supported by the National Scientific Research Foundation and
the National Office for Research and Technology of Hungary (NKTH-OTKA, Grant No.
K67719).
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[1] S. Ricz, T. Ricsóka, Á. Kövér, D. Varga, M. Huttula, S. Urpelainen, H. Aksela and S. Aksela, New

J. Phys. 9 (2007) 274.
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Generalized space-translated Dirac equation and its equivalent Pauli form
for superintense laser-atom interactions

Madalina Bocaa, Viorica Florescua and Mihai Gavrilab

aCentre for Advanced Quantum Physics, University of Bucharest,Bucharest-Magurele,
MG11, 077125, Romania

bFOM Institute for Atomic and Molecular Physics,Amsterdam, 1098 SJ, The
Netherlands

We obtain the relativistic generalization of the space-translation transformation for
the Dirac equation with a unidirectional laser pulse in terms of Volkov spinors. We
show that a solution of the transformed equation, containing initially low-momenta p
(p/mc � 1) , will maintain this property at all times, no matter how intense the field.
As a consequence, the transformed equation splits at all times into two independent Pauli
equations, one describing the evolution of electronic, the other of positronic wave packets.
With spin neglected, these Pauli equations reduce to Schrödinger equations containing
generalized potentials that are liable to extreme time-dependent distortion. The electron
equation contains information that is equivalent to that of the original Dirac equation
and covers all laser-atom interactions for frequencies ω � mc2 and light ions (αZ � 1).

Keywords: Dirac equation, laser pulses, space-translation transformation
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ATOMIC IONIZATION BY SUDDEN MOMENTUM TRASFER 
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b
 Institute of Nuclear Research of the Hungarian Academy of Science, Debrecen, Hungary 

c 
Department of Physics, FCEN, University of Buenos Aires, Argentina 

The Coulomb-Volkov approximation (CVA) is a time-dependent distorted-wave theory [1-4] 

which allows us to include the effect of the remaining core into the final state at the same 

approximation level as it can be performed for the case of the external field. 

In this work we present a theoretical study of the electron distributions ejected from hydrogen 

atoms as a result of the ionization by a sudden momentum transfer (í.e., electric 

field: ˆ( ) ( )t p t zδ= −∆F ). We apply the CVA and the classical trajectory Monte Carlo (CTMC) [5] 

method to determine the doubly-differential electron momentum distribution and the final angular 

momentum. We show that the CVA reproduces the exact solution of the time dependent 

Schrödinger equation in the limit of zero pulse duration but with finite momentum transfer. Results 

are also compared with the values obtained by the strong-field approximation (SFA). It is noted that 

quantum and classical dynamics of the atomic electron suffering a kick are identical; nevertheless 

pronounced differences arise from the subsequent electron-nucleus interaction for small momentum 

transfers. These increased when the momentum transfer decreases, where the classical total 

ionization probabilities are smaller than the quantum one. 

As an example, the 2D momentum 

distributions of the electron yield ionized by a 

kick with strength ∆p = 2.5 is shown in Fig. 

1. Quantum mechanics brings in one lobe in 

the forward direction [Fig. 1a] which can be 

very accurately reproduced by CTMC [Fig. 

1b]. Comparing these results to the SFA ones 

[Fig. 1c] two essentially effects due to the 

effect of the attractive Coulomb field can be 

noticed: (i) the center of the full quantum and 

classical distributions are slightly shifted 

towards the origin with respect to the SFA 

(the center is situated exactly at kz = ∆p, and 

(ii) the full quantum and classical momentum 

distributions are weakly distorted near the 

origin (k=0).  
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Fig. 1: 2D-momentum distributions of emitted 

electrons from H at the momentum transfer ∆p = 2.5 

a.u. (a) Quantum, (b) Classical, and (c) SFA.
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INTERACTION OF INTENSE SHORT LASER PULSES WITH

POSITRONIUM

S. Borbélya, K. Tőkésib, D. G. Arbóc, L. Nagya,

aBabeş-Bolyai University, Faculty of Physics, str. Kogălniceanu nr. 1, 400084
Cluj-Napoca, Romania

bInstitute of Nuclear Research of the Hungarian Academy of Sciences, (ATOMKI),
H–4001 Debrecen, P.O.Box 51, Hungary

cInstitute for Astronomy and Space Physics, IAFE, Buenos Aires, Argentina

The ionization of the positronium by intense ultrashort laser pulses is studied theo-
retically. Calculations were performed applying quantum and classical approaches [1, 2].
The classical calculations were done within the framework of the classical trajectory
Monte-Carlo (CTMC) method, where Newton’s classical nonrelativistic equations of mo-
tion are solved numerically, when an external sine-square enveloped electromagnetic field
is included.

In the quantum mechanical treatment we

Fig. 1. Differential ionization probabilities of
positronium obtained by CTMC method as func-
tion of the electron energy at various laser fields.
The time-dependent electric field along the ẑ

direction in the time interval between 0 and τ
is defined as ~F (t) = ẑF0 cos[ωt−ωτ/2] sin2(πt

τ
)

Solid line: F0 = 1, ω = 0.05, τ = 3, Dashed
line: F0 = 1, ω = 0.05, τ = 5, Dashed-dotted
line: F0 = 1, ω = 0.05, τ = 10.

apply the strong field approximation to the
direct solution of the time dependent Schrö-
dinger equation (TDSE). We present the en-
ergy (see Fig. 1.) and angular distributions of
the ionization probabilities of the photoelec-
trons for various laser parameters. We found
that, while for the case of low electron energies
larger discrepancies can be observed between
the theories in the double differential ioniza-
tion probabilities, at high electron energies the
agreement is excellent.

This work was supported by the Romanian
Academy of Sciences (grant No. 35/2007), the
Romanian National Plan for Research (PN II)
under contract No. ID 539, the Hungarian Na-
tional Office for Research and Technology, the
grant “Bolyai” from the Hungarian Academy
of Sciences, and the Hungarian Scientific Re-
search Found OTKA (K72172).
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PHOTOABSORPTION AND PHOTOIONIZATION OF DIATOMIC

MOLECULES

Irina Dumitriua and Alejandro Saenza

a Institut für Physik, AG Moderne Optik, Hausvogteiplatz 5-7, D-10117 Berlin,
Humboldt-Universität zu Berlin, Germany

The HeH+ molecular ion has been of interest for astrophysics, for the tritium neutrino
mass experiments, and in itself as a model system for a long time. Currently it is drawing
special attention due to the new FEL experiment performed at DESY, in Hamburg [1].

Theoretical data for the photoabsorption
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Fig. 1. Photodissociation of HeH+ into
He + H+ (within the adiabatic approximation)
compared to experiment [1]. (Note: the shown
numerical results assume HeH+ to start in its
rovibrational ground state, while a broad vi-
brational distribution is expected in the exper-
iment).

cross section of HeH+ exist so far only for the
parallel orientation of the molecular axis with
respect to the field [2]. Motivated by the Ham-
burg experiment, calculations for both paral-
lel and perpendicular orientations have been
performed and will be presented here together
with an analysis of the two dissociation chan-
nels He + H+ (measured in the experiment)
and He+ + H. Since the experimental value is
assumed to be obtained from a mixture of vi-
brational states, this aspect has also been an-
alyzed and it will be shown and commented.

The method used for calculating the pho-
todissociation cross sections is the one from [3].
Nuclear motion is solved in the adiabatic po-
tential curves by expanding the nuclear wave-
function in B splines times spherical harmon-
ics.

The same method is used for the calculation of the photoionization cross sections of
the three lightest alkali dimer cations Li+2 , Na+

2 and LiNa+. The motivation for this study
is that although plenty of data exist for the bound states of these three molecules, no
ab initio data were available for their photoionization spectra. The cross sections were
calculated for the equilibrium internuclear distances of the three alkali dimer cations
using a model potential to describe the core electrons and two different methods for
obtaining the final spectra: the time-independent perturbative method from [3] and a
time-dependent non-perturbative one (more details in [4]).

Keywords: photodissociation; photoionization; alkalis; diatomic molecules
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IONIZATION IN INTENSE LASER FIELD: INTENSITY-DEPENDENT
ENHANCEMENTS AT INDUCED CHANNEL CLOSINGS

Mihai Dondera

Faculty of Physics, Bucharest-Magurele, MG11, R-76900, University of Bucharest,
Romania

The high-energy part of the above threshold ionization spectra for atoms or ions
exposed to laser pulses presents enhancements in the vicinity of certain values of the
laser intensity. The phenomenon was observed experimentally for atoms of rare gases [1]
in interaction with short laser pulses of high intensity.

Several theoretical studies were done to investigate the mechanisms of these quasi
resonant variations of the peaks from the plateau of photoelectron spectra. The en-
hancements were explained in [2] as appearing from the decay of resonant states located
near the polarization axis. Atomic systems are known for which the phenomenon is
present even in the absence of excited states and it was suggested [3] that in their case
light induced states can take over the role of excited states. An alternative explanation,
not involving the existence of excited states, considers these enhancements as threshold
effects associated with laser induced multiphoton channel closings (CC). A recent paper
[4] predicts two distinct types of enhancements near CC and explains them as resulting
from constructive interferences of a large number of long quantum orbits.

A significant progress in understanding the phenomenon was achieved within the
Floquet theory framework. The plateau resonances have been related [5] with the res-
onances between the dressed ground state and excited states in the case of argon and
no evidence was found for enhancements in photoelectron spectra which could be inter-
preted as due to CC. Pronounced enhancements of the above threshold detachment rates
at CC were found in simulations [6] of the behavior of H− and F− ions in interaction
with monochromatic laser fields.

We present results of an extensive numerical calculation of energy and angular dis-
tributions as functions of laser intensity near channel closings. These distributions are
extracted from wave functions obtained by solving the time dependent Schrödinger equa-
tion in single active electron approximation for relevant cases. In simulations we consider
potentials of Yukawa type and laser pulses with linear polarization, with or without a
flat-top. For the case of a potential supporting a single bound state we study the depen-
dence of these distributions on the other parameters of the laser pulse, with emphasis on
the observation of the duration and shape roles. We analyze how the results change in
the case of an Yukawa potential having one or more excited states.

Keywords: Laser pulse; Channel closings; Enhancements
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COLD ATOMS PHOTOASSOCIATION WITH INTENSE LASER PULSES

Mihaela Vatasescu

Institute of Space Sciences, MG-23, 77125 Bucharest-Magurele, Romania

Photoassociation in cold atomic gases (T < 1 mK) [1] is one of the leading techniques
to create ultracold molecules [2]. Photoassociation experiments were mainly developed
using continous lasers, but recently experimental results for pulsed photoassociation of
cold atoms became available [3], as well as theoretical models [4]. Our work is part
of the recent theoretical efforts investigating how tailored laser pulses could be used to
control the photoassociation between two cold atoms in order to form cold molecules. We
study the vibrational dynamics produced when two cold atoms are photoassociated in a
diatomic molecule by a “moderately” strong laser pulse. The dynamics is simulated using
a wavepackets method to solve numerically the time-dependent Schrodinger equation,
and analysed in order to understand the time evolution of the system during and after
the laser pulse. Results will be shown for a certain electronic transition in the Cs2

molecule. By analysing specific processes (acceleration of the vibrational population to
the zone of the chemical bound, population of vibrational states, transfer of population
and momentum between the electronic channels implied in the process) one can learn
how the laser pulse could induce some desired states in the system.

Keywords: cold atoms and molecules; vibrational dynamics; pulsed photoassociation
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PROPAGATION EFFECTS IN ATTOSECOND PULSE GENERATION 
 

V. Tosa 
 
Department of Molecular and Biomolecular Physics, National Institute for R&D of Isotopic 

and Molecular Technologies, Cluj-Napoca, Romania 
 

The interaction of ultraintense and ultrafast laser pulses with noble atoms leads to the 
generation of high order harmonics, a process in which the electron is ionized by the driving 
laser, and, after being accelerated by the laser field, recombines with the core to emit a 
harmonic photon [1]. The process takes place two times in an optical cycle, giving rise to an 
attosecond pulse train in time domain and to odd order harmonics in frequency domain. 

By using a non-adiabatic three-dimensional model for this process we studied the 
formation of the attosecond pulseS in conditions close to the experiments performed 
nowadays. The model we developed [2] first solves the propagation equation for the laser 
field taking into account diffraction, optical Kerr effect and dispersion by neutral atoms and 
by electron plasma. We then use the solution of the propagation equation to calculate the 
single atom dipole in the strong field approximation, and, finally, we solve the propagation 
equation for the harmonic field having as source the atomic polarization. In addition to this 
model we present a time-dependent phase matching technique based on trajectory phase 
calculation which is used to analyze the macroscopic formation of the train in the near and far 
fields. 

The formation of the attosecond pulses id strongly influenced by the propagation 
effects which manifest upon the driving laser field. For low intensities the spatial beam 
configuration and temporal/spectral pulse shape remain practically unaffected by the 
propagation. Increased pulse intensities produce distortions of the laser field. Space and 
time/frequency modifications of the laser pulse were investigated in detail in [2]. In time, the 
leading edge of the pulse remains unchanged, as it travels in a neutral medium of refractive 
index close to unity, while the rear portion lowers its intensity due to defocusing. The result is 
a certain shortening of the pulse duration and a shift of the peak intensity to earlier times 
within the pulse. In frequency, due to the self-phase modulation induced by the time 
dependent refractive index of the medium, the laser frequency increases with time (the laser 
chirp becomes positive) in the leading edge, and then decreases back to the nominal 
frequency in the trailing edge. Finally in space, these time/frequency distortions have a radial 
decrease, following the plasma density decrease with increasing r. It is obvious but important 
to mention that the changes in laser field intensity and phase will directly affect the phase of 
the single dipole, thus ultimately the APT features. 

We analyze in this work the influence of the above propagation effects upon the 
formation of isolated attosecond pulse by an ultra-short laser pulse (~5 fs) and by longer 
pulses in a polarization gating configuration [3]. We show that ionization dynamics acts as an 
additional gate in the process of attosecond pulse formation, while propagation effects clean 
the single atom response and, in specific conditions, helps the formation of a single 
attosecond pulse. 
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GENERATION OF ULTRA-SHORT X-RAY PULSES IN CLUSTER
SYSTEM DURING IONIZATION BY FEMTO-SECOND OPTICAL

PULSE

A. Glushkova,b, O. Khetseliusb and A. Ignatenkob

aInstitute for Spectroscopy of Russian Academy of Sciences (ISAN), Troitsk, 142090,
Russia

bOdessa University, P.O.Box 24a, Odessa-9, 65009, Ukraine

We present the results of modeling generation of the atto-second VUV and X-ray
pulses during ionization of atomic and cluster systems by femto-second optical laser
pulse. The concrete data are received for the Ar cluster response, the molecular 2D H2+
response for different inter nuclear distances (R=2.5, 3.5, 7.4, 16a.u.) with smoothed
Coulomb potential and atomic (H) response (spectral dependence) under ionization of
the system by femto-second optical pulse. Our calculation show that the generation of
the atto-second X-ray pulses in the cluster system is more effective and profitable (as
minimum the 2-3 orders) than in similar molecular atomic one. The generation of the
atto-second pulses in the molecular system is more profitable too (as minimum the 1-2
orders) than in similar atomic one. The last achievements in this field demonstrate a
possibility of construction of the compact X-ray radiation sources.
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DISORDER EFFECTS IN REFLECTANCE SPECTRA OF COLLOIDAL 
PHOTONIC CRYSTALS   

 
E. Vin�elera, C. Farc�ua,b,  S. A�tileana,b 

 
aFaculty of Physics, Babe�-Bolyai University, Str M. Kogalniceanu 1, 400084 Cluj-Napoca, 

Romania 
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Photonic crystals are materials with a spatially periodic dielectric function in one, two 
or three dimensions [1]. In nature several insects reduce the reflection of light at interfaces 
using these crystals as antireflective coatings. In technology photonic crystals are important 
in fabrication of solar cells, optical fibers and other optical devices with reduced reflectance 
[2].  
 A relatively simple and inexpensive way of fabrication of colloidal photonic crystals 
via convective assembly technique can be achieved by using a home-built apparatus [3]. We 
were able to produce high-quality photonic crystals by self-assembling of several layers of 
close-packed polystyrene spheres on glass substrate. 
 Although fabrication of photonic crystals improved over the last few years, intrinsic 
defects of photonic lattice affect the shape of experimental reflectance spectra [4]. In order to 
compare experimental spectra with simulated photonic band structure, disorder effects are 
simulated by introduction of material absorption. By using the finite-difference time-domain 
(FDTD) method [5] we were able in the past to obtain a good agreement between 
experimental and simulated transmission curves by taking in account the glass substrate 
[6][7]. In this work we extend our analysis for reflectance curves for one, two and three-
layered close-packed polystyrene spheres. We show that a key ingredient in understanding 
disorder effects is polystyrene absorption.   

 
Keywords: Colloidal photonic crystals. Finite-difference time-domain 
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 A fundamental constrain in manipulating light at nanoscale is the extremely low 
transmission through subwavelength apertures. According to the theoretical results predicted 
by Bethe [1], transmission through a single aperture smaller than the wavelength of light 
scales as: 
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where r is the radius of the subwavelength aperture and λ is the wavelength of light. 
Accordingly, for a hole of 150nm diameter, one expects a transmission efficiency on the 
order of 10-3. In 1998, Ebbesen and co-workers [2] found that the transmission of light 
through a periodic array of subwavelength holes is drastically enhanced. Using a silver film 
with periodic array of holes with diameter of 150nm, the authors observed an enhanced 
transmission with efficiencies about 1000 times higher than that expected. This result has 
generated numerous experimental and theoretical studies.  

In this work we study the above phenomenon on thin gold films perforated with 
periodic arrays of nanoholes. For fabrication we implemented a nano-lithographic method 
inspired from the classical nanosphere lithography [3], in which we combine the self-
assembling of polystyrene nanospheres with reactive ion etching (RIE) and metal deposition. 
The films morphology was characterized by AFM, whereas its transmission was measured 
using an optical fiber microspectrometer and simulated by FDTD method.  

The physical mechanism responsible for the observed 3 times enhanced transmission 
can be understood by the contribution of mixed plasmon resonances: localized resonance and 
surface waveguide resonance [4]. The effect depends on the structural film parameters like 
hole diameter and film thickness. Apart from its fundamental interest in nano-optics, this 
transmission effect has potential applications in biophotonic, near-field microscopy and 
sensing. 
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 LUMINESCENCE PROPERTIES OF GOLD NANORODS 
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Controlled synthesis of noble metal nanoparticles has attracted considerable attention 

because their optical properties are greatly size- and shape-dependent. Among the spherical 

particles, gold nanorods have been the subject of many investigations due to their different 

plasmonic properties. Recently, El Sayed et al. [1] reported luminescence from gold nanorods  

million times higher as compared with the gold metal. These unique properties of nanorods, 

namely multiple plasmon resonances and luminescence, are important for biosensors 

development [2], surface-enhanced Raman spectroscopy [2] and fluorescence enhanced 

spectroscopy [3].

In this work we report on the luminescence properties of gold nanorods synthesized by a 

seed growth method in the presence of cetyltrimethylammonium bromide (CTAB) solutions. For 

a fixed excitation line at 480 nm the spectral position of the maximum emission occurs at 570 

nm and depends on gold nanorod aspect ratio.  

Fig. 1. Fluorescence spectra of gold nanorods in the presence of protein at 480 excitation line. The inset 

shows the transmission electron microscopy of gold nanorods. 

We explore the ability of luminescence signal collected from gold nanorods to probe the 

attachment of biomolecule to metal surface. It is well known that the many molecules exhibiting 

thiol or amine groups bind specifically to the free ends of gold nanorod [3]. Indeed, in this study 

we found that binding of BSA is detectable from fluorescence spectra (see Fig 1). The intrinsic 

luminescence combined with strong plasmonic resonances opens the way to build novel 

multiplexed biodetection platforms based on gold nanorods.

Keywords: gold nanorods, surface plasmon, luminescence  
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M. Iosin1, P.L. Baldeck2 and S. Astilean1

1
 Nanobiophotonics Laboratory, Institute for Interdisciplinary Experimental Research, 

T. Laurian 42, 400271 and Faculty of Physics, Babes-Bolyai University, Cluj-Napoca, Romania 
2
 Laboratoire de Spectrométrie Physique, Université Joseph Fourier & CNRS UMR5588 Saint Martin d'Hères, 

France 

Fluorescence spectroscopy is a central technology in bioscience. However, the detection 

of many biological molecules is usually limited by their low quantum yield, photostability and 

autofluorescence. Recently, a new strategy to achieve fluorescence enhancement has been 

demonstrated [1]. The approach is to use metallic nanoparticles, which drastically alter the 

emission of vicinal fluorophores as results of plasmon excitation [2]. The use of metallic 

nanostructure to enhance fluorescence has great potential for applications in the fields of medical 

diagnostics, biotechnology and applications for in-vivo imaging.

In this study, the fluorescence of the free rhodamine 6G (Rh6G) fluorophore in deionized 

water as well as in the mixtures with gold nanoparticles was measured using a Zeiss Axiovert 

microscope in epi-fluorescent geometry. A compact Xe lamp coupled to a monochromator was 

used as an excitation light source. R6G-Au mixtures were excited at different excitation 

wavelength in the range from 310 to 570 nm and R6G emission at 520 nm was collected using a 

highly sensitive CCD camera. A 3-fold amplification of the fluorescence signal in presence of 

colloid Au nanoparticles was observed for in resonance with palsmons. Two effects are 

responsible for fluorescence enhancement. First, the incident light field enhancement near 

metallic nanostructures, the phenomenon known as an enhanced local field. Second, the 

interaction of excited fluorophore dipole with metallic particle that results in enhanced radiative 

rate and rapid emission of the photon, the phenomenon we call RDE (Radiative Decay 

Engineering)

Keywords: Metal-enhanced fluorescence, Gold Colloids, Rhodamine 6G, Plasmons  
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The interaction of light with noble metal particles much smaller than the wavelength, 
i.e. nanoparticles, is dominated by strong optical resonances due to excitation of surface 
plasmon modes [1]. One of the main consequences of plasmon excitation is the high 
electromagnetic field near the nanoparticle surface which is useful in enhancing the 
sensitivity of Raman spectroscopy in (bio)molecular detection [2]. It was demonstrated that 
colloidal gold mono- or multilayers self-assembled on solid substrates can strongly amplify 
the efficiency of Raman scattering of probe molecules attached to their surface [3]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This work is focused on studying the dependence of Raman enhancement of p-

aminothiophenol molecules adsorbed on self-assembled gold monolayers as function of 
nanoparticle size and shape. Gold nanoparticles of different sizes (ranging from 18nm to 
80nm) and shapes (round and ellipsoidal) were synthesized by reduction of tetrachloroauric 
acid (HAuCl4) in aqueous medium by varying the ratio between the reducing agent 
(trisodium citrate) and gold salt and were immobilized on functionalized glass substrates. The 
optical properties of the prepared samples were investigated by absorbance measurements 
taken before and after the adsorption of the molecule. We found that the Raman enhancement 
of probe molecules measured under 633 nm laser line strongly depends on the sizes of self-
assembled gold nanoparticles as can be seen in figure 1.  
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Fig. 1. Surface enhanced Raman spectrum of p-aminothiphenol adsorbed on different sizes gold nanoparticles: 
(a) 30 nm; (b) 45 nm; and (c)60 nm. 
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Properties of thin films (40nm)  and foils (20μm) of  FINEMET based amorphous and 
crystalline alloys Fe73.5-xSi13.B9Cu1Nb3Mnx highly doped with Mn (x=9÷15) were studied.  
The transmission electron microscope (TEM) scanning electron microscope (SEM+EDX), X-
ray diffraction (XRD) and differential scanning callorimetry (DSC) were analysed. 

 

Mn13 Ta=540oC     Mn15 Ta=540oC  
Fig.1 TEM SED picture       Fig.2 TEM diffraction pattern       Fig.3. XRD patterrn 

 
As shown by DSC there is only one crystallization temperature at Tc=600oC, however 

crystallization starts at  To=500oC  as shown by TEM (Fig.1-2) and XRD (Fig.3). Three 
crystallographic structures were identified: Fe3Si, Fe23B6, Fe3B with lattice constants slightly 
different for foils and for thin films. The average size of crystallites approximately 35nm, 
30nm and 25nm respectively, was shown to depend on Mn content x, annealing temperature 
Ta. 
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The study of nanomaterials has given place in the last years to an enormous experimental and 
theoretical activity. One of the most important nanostructures are Carbon Nanotubes, which are 
of great interest due to their high conductivity and to their specific properties that are very 
sensitive to the geometric structure. Some theoretical studies predict that these materials exhibit 
properties of metals and semiconductors, depending on their geometric configuration.  
 
In this work we study the structure and characterization of these nanostructures. We analyse the 
properties of the collective excitations of the free electron gas of Single Walled Carbon 
Nanotubes. We study in detail the surface and bulk  modes excited in cylindrical nanostructures 
due to their interaction with charged particles.   We analyze the surface and bulk plasmon 
excitations in nanowires and carbon nanotubes within the Dielectric formalism and the so-called 
Hydrodynamic model, which allows us to obtain different dispersion relations in both 
formalisms. We compare these models with other theoretical and experimental results, in 
particular with Energy Electron Loss Spectroscopy (EELS) spectra for plasmon excitations.  
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Gold nanocrystals are promising candidates for optical, electronic and biological 
applications. They are of immense interest due to their intriguing surface plasmon resonance 
(SPR) property originating from the collective oscillation of conduction electrons in response 
to an optical excitation [1]. Nonspherical gold nanocrystals such as nanorods, nanotriangles, 
nanoplates, etc., show two plasmon bands : one in the visible region similar to spherical 
nanoparticles and another one in the higher wavelength region that sometimes extends well 
into the near-infrared (NIR) region of the spectrum. Metallic nanocrystals exhibiting such 
SPR band in the NIR region have potential applications in cancer hyperthermia and new cell 
imaging and as heat absorbing for solar energy production. 

Among all the preparation methods biosynthesis of gold nanocrystals by plant extracts 
is a very promising route which allows the fabrication of nanoparticles with different shapes 
and dimensions ranging from a few nanometers to micrometers.  On the other hand Atomic 
Force Microscopy is arguably the dominant technique for nanoscale characterization and/or 
manipulation. However, the ability to achieve quantitative chemical contrast by AFM is not as 
straightforward as topographic imaging [2]. Using the unique capabilities of Amplitude 
Modulation Atomic Force Microscopy we have characterized a broad range of gold 
nanocrystals biosynthesized by reduction of aqueous chloroaurate ions in pelargonium plant 
extract. Specifically, we have studied the phase shift dependence on the tip–surface separation, 
interaction regime, cantilever parameters, free amplitude and tip–surface dissipative processes 
and we have converted these results into energy dissipation values. Furthermore, energy 
dissipation maps provide a robust method to image material properties because they do not 
depend directly on the tip–surface interaction regime.  
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In order to calculate the vibrational spectra for small water clusters (n <= 20), 
two potential models were comparatively used for the description of intermolecular 
interactions: TIP4P and COS/B2. 

One of the goals of the present study was to distinguish the effect of molecular 
polarization, and consequently we have chosen one potential model implying a fully 
rigid monomer with four sites, TIP4P, and one featuring three fixed sites and one 
movable polarization site – the COS/B2 model. In the latter model, the polarization is 
taken into account by a variable separation of charges on selected polarizable centers. 
One of the pair of polarization charges resides on a polarizable center, the O atom, 
while the other one is treated as an additional particle attached to the polarizable center 
by a parabolic restraint potential. The separation is calculated in response to the 
instantaneous electric field. 

The original COS/B2 model parametrized by Haibo Yu et al. causes instabilities 
in the cluster structure calculations performed by deterministic energy minimization of 
random initial configurations. The instabilities can be avoided only by using a 
reparametrised model, with a reduced polarization charge (from -8e, originally, to -
1.25e). Obviously, using a smaller polarization charge results in increased polarization 
charge displacements. However, as Straatsma and McCammon observed, changing the 
polarization charge from -8e to -1e  does not noticeably alter the radial distribution 
functions of the simulated bulk water. The difference in the potential energy and 
density are neglijable and the dipole moment distributions remain very similar. 

While for the small clusters (n <= 10) the potential energies obtained with the 
polarizable COS/B2 model are higher than the ones yielded by the TIP4P model, 
clusters bigger than n = 16 appear to be more and more stable. Equally, the clusters 
obtained with COS/B2 appear to be more symmetrical, showing a preference for 
hexagonal or pentagonal prism structures instead of some of the rectangular TIP4P 
structures. 

The IR frequency shifts have been calculated using a proven second order 
perturbation approach, which takes into account the effect of anharmonicities, 
intermolecular interactions and temperature, and the results have been compared with 
experimental IR spectra for size selected water clusters of sizes n < 10. 
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Polycyclic aromatic compounds are a large class of conjugated π–electron systems of 

great importance in many research areas, such as materials science, astrochemistry, and 
molecular electronics. In the last case molecules having electron accepting and electron 
donating properties are often used strongly effecting charge transporting properties of thin 
films based on these materials. 

In the contribution a systematic theoretical study of anthracene (compound I) and 
anthracene derivatives with electron accepting (compound II) and electron donating 
(compound III) properties in their anionic, neutral, and cationic charge states are presented. 
We used density functional theory (DFT) to obtain the ground–state optimised geometries, 
and time–dependent DFT (TD–DFT) to evaluate the electronic absorption spectra. Total–
energy differences enabled us to evaluate the electron affinities and ionisation energies, the 
changes of HOMO and LUMO positions and their energy gap as well as the charge 
distribution in the studied neutral and ionic molecules. The chemical structures of molecules 
under study are presented below. 
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Wide applications of organic hydrocarbons in molecular electronics stimulated their 

studies by different tools. The formation of negative ions is known to effect strongly charge 
transporting properties of thin films based on these materials. A series of anthracene 
derivatives having different electron accepting and electron donating properties has been 
studied by means of electron capture negative ion mass spectrometry. The experimental 
details are described in [1]. 

The formation of negative ions of anthracene and anthraquinone is similar to observed 
earlier [2]. In the spectrum of 9,10-dianilidoanthracene three negative ions: [M-2H]— (m/e 
358), [M]— (m/e 360), and [M-C6H5]— (m/e 283). The other peaks are at least one order less 
intensive. It can be derived three resonance regions at 0.2, 1.0 and 2.0 eV. The 
autodetachment lifetime is about 100 msec. The reasons of such negative ions are discussed. 
Keywords: anthracene derivative, negative ion, mass spectrometry 
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There is poor information about electron-molecule interaction for organic compounds 

as compared to atoms and small molecules though they find manifold applications in 
molecular electronics, radiation chemistry, biology, and medicine. At least, the study of low-
energy electron scattering with organic molecules gives the possibility to find the structure of 
vibrational and electronic levels including direct population of optically forbidden states. In 
this presentationt the relative efficiency of excitation into singlet and triplet states in the 
region between 1.5 and 10 eV, their dependence on projectile electron energies for the 
scattering of monoenergetic electrons with tunable energies from 0 to 50 eV at an angle of 
90°, for a number of phthalocyanine and porphirine molecules in the gas phase are presented. 
The experimental details are described in [1]. 
Keywords: phthalocyanine, porphirine, electron energy loss spectrum 
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 The [Cu(L)2]⋅H2O (1), [Co(L)2]⋅2H2O (2) and [Zn(L)2]⋅H2O (3) complexes with leucine 
(L) as ligand, were synthesized in water solution and analyzed by physical-chemical and 
spectroscopic means. 
 In the FT-IR spectrum of the ligand the νs(N-H) stretching vibration appears at 3052 cm-1 
and in the complexes spectra at: 3319 cm-1, 3245cm-1 (1), 3325 cm-1 3268 cm-1 (2), 3325 cm-1 
and 3263 cm-1(3) proving the involvement of the –NH2- group in the complex formation. The 
absorption band at 1608 cm-1 was attributed to the ν(C=O) stretching vibration in the spectrum of 
the ligand and appears to be shifted toward higher wave numbers with 11 cm-1, 31 cm-1 and 46 
cm-1 in the spectra of 1, 2 respectively 3 proving the involvement of the carboxylic group in the 
covalent bonding to the metal ion [1]. The FT-IR data show that the amino acids bind to the 
metal ions through the α-amino and two carboxylate groups. 
 The n→ π* characteristic band assigned to the C=O bond appears at 277 nm in the ligand 
spectrum and is shifted toward UV domain with 7 nm, 5 nm and 11 nm in the complex 1, 2 and 3 
spectra, proving the presence of the ligand within the complex and the covalent nature of the 
metal-ligand bond. 
 In the visible domain the spectrum of complex 1 show a large band at 620 nm, assigned to 
the  2T2g → 2Eg transition, specific to Cu (II) complexes with tetragonal distortion local symmetry 
due to the Jahn-Teller effect. 
 Powder ESR spectrum of complex 1 at room temperature is quasi-isotropic (g= 2.178) 
and is characteristic for pseudotetrahedral symmetry around the copper ion. The shape and the 
value of the g tensor correspond to a CuN2O2 cromophore. The powder ESR spectrum of 
complex 2 revealed the presence of monomeric compounds, with octahedral symmetry around 
the cobalt ion, the g tensor value is g=2.195.  
 Spectral UV-VIS and ESR data confirmed the covalent metal-ligand bonds, the 
pseudotetrahedral symmetry around the copper and zinc ions and the octahedral environment for 
the cobalt ion. 
 The obtained structural data allow us to propose the molecular formulas for the studied 
metal complexes.  
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The sandwich-type K10[(VO)2Sb2W20O70]�20H2O heteropolyoxotungstate was 
investigated by means of elemental analyses, thermogravimetric and spectroscopic (FT-IR, 
UV�VIS and EPR) methods. 

The analysis of vanadium ion coordination mode was made comparing the FT-IR 
spectrum of the complex with the Na9[SbW9O33]�14H2O ligand. The stretching vibration of the 
terminal W=Ot bonds is shifted with 8 cm�1 towards higher wave numbers in the FT-IR spectrum 
of the complex , which indicates the involving of the terminal oxygen atoms in the coordination 
to the vanadium ions. The �as(W�Oe�W) vibration is shifted with 11 cm�1 in complex FT-IR 
spectrum. This behavior arrises from different deformations induced by the vanadium ions 
coordination in the frame of the trilacunary ligand. The shift of �as(Sb�Ob,c�W), �s(W�Ob�W), 
�as(W�Oc�W) bands in the complex  comparative to the ligand is due to the substitution of the 
lateral WO6 octahedral by the (VO)O4 square pyramid and the coordination of (VO)II ions at Ob,c 
type oxygens [1]. 

The UV electronic spectra of the ligand and complex spectrum presents two bands 
assigned to ligand to metal charge transfer p� � d� transitions in the W=Ot bonds and the electron 
transition d� � p� � d� between the energetic levels of the tricentric bonds W�Ob�W [2]. 
 The Visible electronic spectrum of the complex contain the 2B2(dxy) � 2E(dxz,yz) and 
2B2(dxy) � 2B1(dx2 � y2) transition bands for vanadyl ions in C4v local symmetry, at 12040 cm�1 
and respectively 14705 cm�1 for the complex. 
 The powder EPR spectrum obtained in the X band at room temperature are typical for 
mononuclear oxovanadium species in an axial environment. The spectrum exhibits eight 
components both in the perpendicular and in the parallel bands due to the hyperfine coupling of 
the spin of one unpaired electron with the nuclear spin of the 51V isotope (g� =1.973, gII=1.912, 
A�=69 G, AII = 201 G). 

 
Keywords: Heteropolyoxometalate; FT-IR; ESR 
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The lacunary polyoxometalates (POM) can be used for the incorporation of actinides into 
stable, non-volatile polyoxometalate complexes for subsequence separation and immobilization. 

The Na10[(UO2)2(H2O)2X2W20O70]·nH2O heteropolyoxometalates (1: X =SbIII, n = 28; 2: 
X =BiIII, n = 34) were synthesized and investigated by thermal analysis, FT-IR and UV-Vis 
spectroscopy in order to determine the coordination, the ordering of cation electronic levels and 
his local symmetry. 

By comparing FT-IR spectra of the uranyl complexes with the corresponding ligand (L1= 
Na12[Sb2W22O74(OH)2] and L2= Na12[Bi2W22O74(OH)2]) the coordination UO2

2+ ions to the POM 
lacunars unities have been estimated. The shift of  �as(X�Ob,c�W) and �as(W�Ob,c�W) vibration 
bands are due to the substitution of  external WO6 octahedra with UO2O5 pentagonal-bipyramides 
and to the coordination of  UO2

2+ ions at the Ob and Oc atoms. 
The UV electronic spectra of the UO2

2+-POM complexes are similar to the ones of the 
ligands L1 and L2. Each spectrum presents two bands assigned to the charge transfer from the 
ligand to the metal p��d� transitions in W=O bonds and d�–p�–d� electronic transitions between 
the    W-Ob-W bonds energy levels. The p�- d� electronic transition appear at �47100 cm-1 for the 
ligands and �46700 cm-1 for the complexes and d�-p�-d� transitions into tricentric bonds at � 
39000 cm-1 for the ligands and �36000 cm-1 for the complexes. The shifting of the bands 
maximums for the complexes, comparing to the to the ones of the ligands are due to the distortion 
introduced by the UO2

2+ ions coordinated to the neighbor WO6 octahedrons [2]. 
The VIS electronic spectra of the complexes water solutions presents the bands due to 

O=U=O internal transitions (at � 420 and � 430 nm), charge transfer transitions (at � 468 and � 
481 nm) and U (f�f) electronic transitions at � 500 nm.  

The spectroscopic investigations of Na10[(UO2)2(H2O)2X2W20O70], X =  SbIII (1), BiIII (2) 
complexes indicate a sandwich-type structure formatted by two B-�-XW9O33 fragments binding 
by two uranyl ions and two WO2 units.  
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 In a plasma-confinement device, material eroded from plasma facing components 
will be eroded, transported and redeposited at other locations inside the reaction chamber. 
For the design of ITER a first wall made of beryllium is planned while the divertor region 
will consist of tungsten and carbon [1]. Since beryllium from the first wall will be eroded, 
ionized in the scrape-off layer plasma and finally will be redeposited on divertor surfaces 
flowing along the magnetic field, it is important to study the properties of divertor armour 
materials (C, W) coated with beryllium. 
 Be films deposited on graphite substrates were prepared using thermionic vacuum 
arc technology developed at NILPRP Bucharest. The coating device consists of a 
tungsten filament surrounded by an electron focusing Wehnelt cylinder heated by an 
external high current source as cathode and an anode made of the material to be deposited 
(beryllium in this case). The electrons emitted by the cathode heat up and evaporate the 
anode providing the source for a pure Be plasma, which is ignited by applying a high dc 
voltage (typically 1-3 kV ) to the anode [2].  

By applying different bias voltages (-200 V to +700 V) to the substrates during 
deposition, the morphology of the obtained films can be modified. In this study, a 
comparison of the films properties as a function of the bias voltage applied to the 
substrate is done. The films’ morphology was characterized by means of AFM, SEM, 
XRD. It was found that the coatings prepared using negative bias voltage at the substrate 
during deposition are more compact and have a smoother surface with an average 
roughness of 7 nm compared to the samples prepared with positive bias voltage.  

Also, the thickness and composition of each film were confirmed by Rutherford 
Backscattering Spectrometry (RBS) and deuterium implantation was performed at IPP 
Garching in the High Current Ion Source. After implantation, the amount of D retained in 
the films was determined by Nuclear Reaction Analysis (NRA) using the reaction D 
(3He,�)p. The obtained � particle spectrum was converted to D depth profiles using the 
SIMNRA code [3]. 
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BASED ON ATOMIC AND MOLECULAR PROCESSES 
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Atmospheric presure plasma jet [1], has been used to etch polymide, tungsten, tantalum, 

and silicon dioxide and to deposit silicon dioxide and silicon nitride films and to 

decontaminate chemical and biological warfare. One of the methods used to study the main 

characteristics of a plasma jet is based on atomic and molecular processes in the plasma bulk. 

The aim of this work is to study the thermal characteristics and electron density based on 

atomic and molecular emission of a new plasma jet at atmospheric pressure. The novelty of 

our jet is its generation with a single electrode, the plasma gas flowing perpendicularly to the 

RF powered electrode (11 MHz, 10
3
 V).  

The plasma emission is used to jet characterization. Optical emission of the plasma was 

collected in two ways: the normal viewing mode and the axial viewing mode. The plasma 

characteristic parameters were studied as function of helium flow-rate, plasma power and 

position of the investigated zone. The electron excitation temperature of He atoms, TexcHe

(2000 – 3500 K) and the temperature of excitation of vibrational states of N2 molecules, 

2vibrNT (4000 – 5000 K) were calculated by the Boltzmann plot method. The temperatures of 

excitation of rotational states of OH radicals, TrotOH (550 – 750 K) and of �
2N  molecules, 

�
2rotN

T  (550 – 850 K) were estimated by finding the best fit of the measured molecular spectra 

with the synthetic spectra. These temperatures indicate the non-izothermal character of our 

plasma jet. The electron number densities (10
12

 – 10
13

 cm
-3

) were determined from H�

emission line (656.27 nm) broadening. 

For qualitative observations regarding the behaviour of the plasma species we used the 

relative intensities of the representative lines of He - 667.81 nm as plasma gas, N2 - 337.13 

nm as dominant component of the diffusing air, O - 777.41 nm and H - 656.27 nm as 

resultants of H2O dissociation (residual water can be present in plasma gas and in diffusing 

air) and �
2N - 391.44 nm as an indicator of existence of helium metastables. 
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ENERGY APPROACH TO CALCULATING ELECTRON-COLLISION
STRENGTHS AND RATE COEFFICIENTS IN MULTICHARGED IONS

PLASMA
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Russia
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The problem of diagnostics for the collisionally pumped plasma and search of the op-
timal plasma parameters of X-ray lasing are studied. Two principal theoretical problems
must be solved in order to develop a special code adequate to predict the plasma param-
eters needed to generate a soft-X-ray or extreme UV amplified spontaneous emission:
i). accurate calculation of electron-collision excitation cross-sections, rate coefficients for
elementary processes in the plasma that are responsible for the formation of emission
lines spectra; ii). kinetics calculation to determine level populations, inversions, line in-
tensities, gain coefficients at definite plasma parameters We present the uniform energy
approach, formally based on the QED perturbation theory [1], [2] with using gauge in-
variant scheme of generation of the optimal relativistic one-electron representation, for
the calculation of electron collision strengths and rate coefficients. The aim is to study,
in a uniform manner, elementary processes responsible for emission-line formation in
plasmas. The electron collision excitation cross-sections and rate coefficients for some
plasma Ne-like multicharged ions are calculated. To test the results of calculations we
compare them with other authors’ calculations and with available experimental data.
The inclusion of Na-like states, accounting for diffusion-like processes, can increase the
population inversion for the ”lasing candidates” by at least a factor of two for a wide
range of plasma conditions. Besides, we are calculating the functions, which describe the
population distribution within each Rydberg series dependent on the Rydberg electron
energy. These functions bear diagnostic information. Detailed calculations will be done
for the homogeneous steady-state Maxwellian plasma.
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RESONANCE AND MULTI-BODY PHENOMENA IN HEAVY IONS
COLLISIONS
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A great interest to this topic has been, in particular, stimulated by inaugurating the
heavy-ion synchrotron storage cooler ring combination SIS/ESR at GSI [1]. The known
discovery of existence of a narrow and unexpected e+ line in the positron spectra ob-
tained from heavy ions collisions near the Coulomb barrier. Here a consistent unified
QED approach is developed and applied for studying the low-energy heavy ions colli-
sion, including the electron- positron pair production (EPPP) process too. To calculate
the heavy ions (atoms, nuclei) (EPPP) cross-section we use modified versions of the
relativistic energy approach, based on the S-matrix Gell-Mann and Low formalism and
QED operator perturbation theory [2]. The nuclear subsystem and electron subsystem
has been considered as two parts of the complicated system, interacting with each other
through the model potential. The nuclear system dynamics has been treated within the
Dirac equation with effective potential. All the spontaneous decay or the new particle
(particles) production processes are excluded in the 0th order. Resonance phenomena
in the nuclear system lead to the structurization of the positron spectrum produced.
Analysis of data for cross-section at different collision energies (non-resonant energies,
resonant ones, corresponding to energies of s-resonances of compound U-Cf, U-U, U+Ta
system) is presented. The special features are found in the differential cross-section for
the nuclear subsystem collision energies, for example, for U-U susyem as follows: (a) E1
= 162.0 keV (3rd s-resonance), (b) E1 = 247.6 keV (the 4th s-resonance), (c) E1=352,2
keV (5th upper s-resonance).
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The interaction of ionized chemical species -generated during cold plasma 
atmospheric discharge with molecular and cellular structures in microorganisms was 
investigated, due to the possible extent of plasma applications in controlling microbial 
contamination. Among the particles associated to controlled gaseous discharge high 
concentrations of free radicals can be found (above half a trillion i.e., 5.1011 /cm3), that can 
quickly overwhelm the natural defenses of living organisms, leading to their destruction [1-
2]. Plasmas usefulness in surface decontamination processes has been reported especially for 
gram-positive bacteria.  
Our research has involved both 
gram-positive and gram-negative 
germs treated in helium plasma 
(asymmetric dielectric barrier 
discharge) for various time 
durations between 25 s and 100 s. 
The investigated microbial species 
were Staphylococcus epidermidis, 
Bacillus cereus ATCC 14579, 
Escherichia coli ATCC 25922 and 
Candida sake, cultivated on special 
agarized medium. The increased 
sensitivity to the increase of the 
distance between the experimental 
device electrodes (from 2.5 to 3.5 
cm.) was noticed according to the slope values of the regression lines corresponding to the 
graphs d(t) for every studied bacteria strain (d being the diameter of the colony growth 
inactivation). The counting of the surviving colonies around the spot of total microorganism 
killing provided an estimation of the percentage sterilization efficiency in every case. 
Discussion was carried out considering the peculiarities of the bacterial cell wall for gram-
positive and gram-negative microorganisms in relation with their survival capacity following 
the interaction with helium plasma. 
 
Key words: asymmetric dielectric barrier discharge, bacteria sterilization  
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 The dynamic of laser produced plasma have been experimentally and theoretically 
investigated. Different targets types have been irradiated in vacuum (10-7 mbar) by the 2nd 
harmonic (532 nm) of a ns Nd:YAG laser, with fluence in the range 0.7-5 J/cm2. Both time 
and space evolutions of the created space charge structures have been studied by means of 
both electrical (Langmuir probe)[1] and spectral [2] methods. Recording the temporal and 
spatial evolution of the corresponding spectral lines has followed the dynamic of different 
plasma plume components. The axial profile of excitation temperature has been investigated 
using the relative line intensity method, too. These measurements emphasized a specific 
behavior of each spectral line, with distinct spatial intensity profiles, leading to different 
velocities of the associated species. Comparison and convergence of results obtained in 
emission spectra and ICCD fast imaging will be presented. Considerations are also presented 
on relationship between plasma plume characteristics and erosion of the target in the region 
where plasma is originating. 
 
Key words: plume, relative line intensity method, ICCD, erosion. 
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ON THE CARBON AND TUNGSTEN SPUTTERING YIELD IN A MAGNETRON 
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Physical sputtering is one of the most serious processes of erosion of the innermost 

surfaces of fusion machines. The most important elemental species of wall material in fusion 
machines are the light elements as Be and C and heavy elements as W, material in the form 
of tiles covering the metal vessel [1]. Gases as Ar and He are used and considered in ITER as 
a means of radiation cooling in the divertor, respectively, as the reaction product in the fusion 
process [2].  

The aim of this study is to reveal the influence of the projectile energy on the erosion 
of C and W target material. In this way, the magnetron discharge may serve as an alternative 
for ITER divertor diagnostics. The experimental results are presented regarding sputtering 
yield of the carbon and tungsten using a dc magnetron discharge in argon and helium 
atmosphere at different gas pressure in the range of 10 to 100 mTorr and discharge power 
density up to 5.105 W/m2. To provide the same value of current density on the target surface, 
the discharge current intensity was used as the control parameter.  

In this investigation, carbon and tungsten sputtering yields were measured 
experimentally using a quartz crystal microbalance (QCM) and two conventional 
measurements methods based on gravimetric mass loss and profilometry. The C and W 
sputtering yields measured under Ar+ and He+ bombardment at normal incidence displayed 
satisfactory agreement with previously published data over the energy range studied (200eV-
700eV). Good agreement of the erosion profile was obtained compared with the ion current 
density profile on the target surface.  
 
Keywords: plasma-material interaction; sputtering yield; magnetron discharge 
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Systematic spectroscopic studies and diagnostics of an atmospheric pressure 

radiofrequency (10 MHz) He plasma is presented.  
The discharge is an intrinsic part of the resonant circuit of the radiofrequency 

oscillator and was obtained using a monoelectrod type torch, at various gas flow-rates (0.1 - 
6.0 l/min) and power levels (0 - 4 W).  

As function of He flow-rate and power the discharge has three developing stages. 
Point-like plasma is formed at low flow-rates (usually below 0.5 l/min) and low power 
levels. Increasing the flow-rate, the plasma power increases and the plasma develops in its 
volume having a ball like shape. Further increase of the flow-rate causes gradual change in 
the plasma shape. Over 1.5 l/min it will extend axially becoming an ellipsoid. At higher 
flow-rates (over 2.0 - 2.5 l/min), the plasma power presents saturation tendencies due to 
convection and conduction cooling of the flowing He gas. 

The emission spectra of the plasma were recorded and investigated as function of 
developing stages, flow-rates and plasma power. The most important atomic and molecular 
components were identified and their evolution was studied as function of He flow-rate and 
plasma power towards understanding basic mechanisms occurring in this type of plasma. 

The characteristic temperatures (vibrational Tvibr, rotational Trot and excitation Texc) 
and the electron number density (ne) were determined. It was found that Tvibr (for N2) vary 
between 3600 to 5300 K, Texc(He) between 1650 and 2200 K, Trot (N2

+) between 560 and 
640 K, indicating the non-equilibrium character of the discharge. The electron number 
densities were found to be in the range of 1011 – 1013 cm-3. 

The discharge was used successfully for sterilization and surface properties 
modifications. 

 
Key words: atmospheric pressure; helium plasma; very low power; emission spectroscopy; 
diagnostics; sterilization; surface modification 
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Interactions between electron, ions and UV photons from plasma and monomeric 

gases lead to bond breaking and appearance of polymerizable compounds. Therefore, on 
substrates arranged in different regions of the discharge, deposition of plasma polymer films 
occurs, as a three dimensional network of molecular chains. The physico-chemical properties 
of these polymers are different from the polymers obtained by conventional polymerization 
reactions [1]. Nowadays, plasma polymerization is a useful tool to obtain thin polymer films 
on various substrates. These new plasma polymers may provide benefic surface properties 
such as corrosion resistance, specific optical characteristics, higher biocompatibility and 
controlled processes at the interface with active biological compounds [2]. Promising results 
are obtained lately by plasma polymerization in discharges at atmospheric pressure, such as 
dielectric barrier discharges.  

In this work we present results concerning the plasma polymerization of acrylic acid 
using a dielectric barrier discharge (DBD) in helium, driven by high voltage monopolar 
pulses with 2 kHz frequency. Discharge diagnosis was performed by electrical measurements 
and spatially resolved optical emission spectroscopy. The plasma polymers films were 
investigated by contact angle measurements, IR and UV-Vis absorption spectroscopy and 
scanning electron microscopy.  

The working regime of our DBD at atmospheric pressure was the glow discharge 
mode, confirming by the discharge current shape and the specific discharge regions. For 
example, using optical investigations it was identified the known glow discharge regions such 
as the negative glow and positive column. Besides helium, in the discharge volume were 
identified other excited species such as atomic oxygen, molecular and ionic nitrogen and 
hydroxyl free radicals. From the spatial distribution of excited helium lines (commonly with 
excitation energy of 22.72 eV) it can conclude that high energy electrons are generated in the 
cathode region of DBD. Also, using the Boltzmann plot of molecular nitrogen vibrational 
bands intensities it was calculated the vibrational temperature distribution in the discharge 
gap. An important parameter concerned of the polymerization reaction, respectively the gas 
temperature, was evaluated from the rotational spectra of the nitrogen molecular ion and the 
results show values around 340 K in the cathode region and 380 K in the anode region.  

The analysis of acrylic acid plasma polymers films proved a hydrophilic character, the 
water contact angle being less than 20°. Regarding their surface energy, the films show high 
values of the polar component (more than 50mN/m), and low values of the dispersive 
component (17 mN/m), as comparing with the polymers films produced by classical methods. 
The ATR-FTIR spectra of the films confirm strong absorbance in the OH region (3600 – 
3000 cm-1), in a good correlation with the hydrophilic character. The films show no 
significant absorbance in the visible range and strong absorption bands in UV, below 325 nm. 
The surface morphology, investigated by scanning electron microscopy, is smooth at 
micrometric scale, free of defects and inhomogeneities.  
 Keywords: Plasma Polymerization; Dielectric Barrier Discharge; Acrylic Acid 
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A specific feature of mass spectrometry of organic molecules is the difficulty of adequate 

assignment of spectral peaks to corresponding molecular fragments. Here we report on the 
results of mass spectrometric studies of a glucose molecule, an organic compound, playing an 
important role in living organisms, what is a good reason to stimulate its all-round studies. 
The experimental setup, based on a MX-7304A type monopole mass spectrometer, and the 
measurement method are similar to [1]. Ions, extracted from the area of interaction of an 
electron beam and a molecular beam, are focused by the ion optical analyser system, 
separated according to their masses, and detected by a computer-driven registration system. 
Masses of fragments of the molecules under investigation were identified, using the reference 
species (Не, Ar, Kr, Xe, and N2). The intensity of background ion peaks (not contained in the 
glucose molecule) did not exceed 0.5% of the intensity of the highest peak in the mass-
spectrum.  

The mass spectrum of the glucose 
molecule (D-glucose - C6H12O6) 
contains group of lines with the 
interval between them of 1-2 a. m. u., 
typical for organic compounds. The 
following ion fragment lines are 
predominant: CHO+, CH3O+, C2H3O+, 
C3H3O+, C3H6O+, C4H7O+, C4H9O+ 
(Fig.1). The relative intensity of the 
C6H12O6

+ molecular ion peak is almost 
by factor of 100 smaller than that of 
the C4H9O+ fragment ion. One can 
suppose that at the collision with 
electrons, the molecular fragment, not 
contained in the heterocycle, namely 
C2H3O+, should be the first to split off. 
The high intensity of the peak, 
corresponding to this fragment 
(m/z = 43), indirectly confirms the 
predominantly cyclic spatial configuration of the molecule under investigation. Besides, 
dissociative ionization of the glucose molecule C6H12O6 also takes place by means of the 
glucopyranose ring fragmentation (in most cases after the elimination of one or two 
molecules of water by the glucose molecule). 
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Fig. 1 Mass spectra of  glucose molecules 
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Obtaining information on the composition and concentration of organic toxic agents in the 

environmental objects (air, water, soil, water reservoir sediments, etc.) is the decisive type of 
environmental examinations. In the framework of environmental, health, and chemical 
examinations, analytical problems can be reduced to two types: determination of the object 
pollution by specific substances and determination of the object pollution at the conditions 
when the presence of practically any substance could be expected. There are two main 
approaches to such problems. The first approach consists in the fact that analysis regarding 
the content of a specific substance or group of substances is carried out in order to reveal 
their presence and quantitatively determine their concentration. In the second case, no 
specific preset components are determined, but the qualitative composition is studied with a 
subsequent evaluation of concentrations of the identified substances. 

Determination of residual amounts of poisonous chemicals in foodstuffs after their 
disinfection is strictly required to obtain a certificate for their applicability. Phosphine (PH3) 
and sulfuryl fluoride (SO2F2), being highly toxic for living organisms, are used for gas 
disinsection (fumigation) of vegetable food, granaries, grain elevators, vehicles from 
quarantine pests and other dangerous vermin. Here we report on mass spectrometric studies 
of molecules of gaseous phosphine and sulfuryl fluoride and samples of juice of cherries, 
subjected and not subjected to these 
fumigators. As a rule, chemical methods 
are used for quantitative determination 
of thee substances; however, not always 
the results are satisfactory. In particular, 
this concerns SO2F2, whose molecules 
are characterized by high chemical 
passivity, and their residual amounts can 
hardly be determined by conventional 
techniques of analytical chemistry. 
Application of mass spectrometry for 
these purposes is of a certain interest. 
Analyzing mass spectra, obtained using 
a monopole mass spectrometer, one 
should note them to be somewhat 
different from those quoted in the NIST 
database: the phosphine mass spectrum contains molecular hydrogen and in the sulfuryl 
fluoride mass spectrum pronounced F+ and F2

+ peaks are observed. 
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Fig.1. The threshold dependences of relative ionization 
cross-section of the  sulfuryl fluoride and its fragment ions  

Besides the determination of traces of PH3 and SO2F2 in the juice of fumigated and non-
fumigated cherries, we have also performed measurements of full and dissociative ionization 
of these substances. Using a special method [1], from their threshold dependences we have 
determined the potentials of appearance for the H+, P+, HP+, H2P+, H3P+ fragment ions for 
phosphine and for  S+, F+, F2

+, SO+, SO2
+, SOF+, SO2F+, SO2F2

+, SO2F2H+ fragment ions for 
sulfuryl fluoride (Fig.1). 

 
1. A.N.Zavilopulo, O.B.Shpenik, V.A Surkov Anal.Chim.Acta 573-74, (2006), 427-431 

Th-58

176

mailto:an@zvl.iep.uzhgorod.ua


MASS SPECTROMETRY OF ASCORBIC ACID 
 

A.N.Zavilopulo, A.S.Agafonova, L.G.Romanova, M.I.Mykyta 
 

Institute of Electron Physics, Ukr. Nat. Acad. Sci., 21 Universitetska str.,  
Uzhgorod 88017, Ukraine, E-mail: an@zvl.iep.uzhgorod.ua 

 
 Mass spectrometry ranks very high among the variety of widely applied physical 
methods of studies of bioorganic compounds. Mass spectrometric studies, related to the 
investigation of processes of dissociative ionization and ways of fragmentation of bioorganic 
compounds, deserve particular attention. The subject of our investigation was one of the most 
vitally important molecules – ascorbic acid. Ascorbic acid, or vitamin С (С6Н8О6) is a lactone 
of hexonic acid with a structure close to that of L-glucose. Due to the presence of two 
asymmetrical carbon atoms in the 4 and 5 positions, the ascorbic acid forms 4 optical isomers 
and two racemates. Vitamin С is a crystalline compound with the melting point at 462-464 K, 
easily dissolved in water with the formation of acidic solutions. One should note the presence 
of quite a few papers devoted to its spectroscopy, especially mass spectroscopy.  
 We have performed mass spectrometric studies of the С6Н8О6 molecule. The 
measurements were carried out, using a setup with a monopole mass spectrometer MX-
7304A, the technique being described in detail in [1]. Since no temperature data were 
available from the known mass spectrometric catalogues regarding the mass spectrometer 
operating modes for the ascorbic acid molecule, and temperatureis a factor, affecting the peak 
intensities in the mass spectra, we have performed mass spectra measurements at the 
temperatures from 360 to 450 K. For identification of the ascorbic acid molecule fragments, a 
special attention was paid to the calibration of the mass scale, using the known noble gas (Ar, 
Xe, and Kr) masses. The mass spectra were measured for two values of the ionizing electron 
energies – 40 and 70 eV.  

The studies have shown the peak intensity in the spectra to be proportional to the 
temperature increase and reaches a maximum in the temperature range 432 ÷ 442 K. In the 
ascorbic acid mass spectra an intense peak is present at m/z 116 ([С4Н4О4]+) in comparison 
with the molecular ion peak (m/z=176). The most probable scheme for the molecule 
fragmentation is proposed (Fig.1).  
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Fig.1 Fragmentation paths of ascorbic acid. 
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DIRAC experiment at CERN [1] looks upon pionium (π+π− hadronic atom) lifetime 

by measuring its breakup (ionization) probability. The pion pairs detection from the atom 
breakup processes is the main task of the DIRAC setup. This is realized with a double arm 
magnetic spectrometer. In this context the main task of the preshower detector, together with 
the Cherenkov detector, is to reach an overall electron rejection efficiency ~99.5%, in the 
region of low energy (1 ÷ 3 GeV), where the pion/electron separation is important. 

The preferred technique for pion/electron separation is to probe the shower 
development for particle discrimination. Electrons and pions are counted by detecting the 
preshower signal in plastic scintillator slabs placed behind a 2 or 5 radiation lengths thick Pb 
converter. The particles (electrons and photons) detection of the electromagnetic shower 
produced by a relativistic electron, gives a high amplitude (ADC) signal, as long as the pion 
detection, as minimum ionizing particle, gives a low amplitude signal. The preshower Pb 
converter is too shallow for pions to produce hadronic shower [2]. So, the pion shower 
contribution is negligible.  

We studied the electron and pion detection by measuring their shower production in 
the early stages, to get the entire information on pion/electron separation and to find a proper 
methodology for electron background rejection. We report the Monte-Carlo simulations and 
test beam data of π− and e− at various energies for optimal configuration settings. The 
objective for simulation studies in designing the PSh detector has been the optimization of 
converter and scintillator slab thickness in order to do the best pion/electron separation in the 
1 ÷ 8 GeV energy range.  

We have studied the dependence of the amplitude spectra properties on particle 
momentum and on converter and scintillator thickness using GEANT package 
(http://cern.ch/geant4/geant4.html). The electron rejection was estimated to be better than 
85% with a pion loss less than 5% in the momentum range 1 ÷ 4 GeV/c using a preshower 
detector with Pb converter thickness wPb = 2.5 cm and scintillator slab wSc = 1 cm.  
 
Keywords: preshower detector, hadron/electron separation,. hadronic atoms 
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 There are three Triglycine sulfate molecular units in the microcrystalline powder (GI, GII, 
and GIII); the first molecular structure is an amphionic form with an out-of-plane –NH3

+ group, 
the another two components being mono-protonated planar structures Triglycine sulfate  
molecules crystallize at room temperature in monoclinic form - P21 space group, having a polar 
direction among the two-fold screw axis. The spontaneous polarization dissapears near 47oC in 
the same time with the space group modification from P21 to P21/m. The two main motions which 
determine the order-disorder ferroelectric phase transition are the GI amino group (–NH3

+) 
swinging, and the tunneling of hydrogen atom involved in GII – GIII hydrogen bonding 
respectivelly [1]. In this order, recording of quasielastic neutron scattering spectra on a range of 
temperatures near to 49.5oC requires a deuteration of the microcrystalline Triglycine sulfate 
powder [2]. Labile protons of GI amino group are exchanged through the deuteration process. 
The substitution of Hydrogen with Deuterium permits a better understanding of a jump rotational 
motion of the proton of the amino group in a hindered potential. 
 For a complex interpretation of the ir experimental spectra, a computational chemistry 
method is used. This method allows a sequential virtual deuteration process to develop for each 
position in the molecules as well as a complete correlation between theoretical and experimental 
data. An un-equivoque attribution was possible for all signals, confirming the deuteration at GI 
out-of-plane –NH3

+ group (disparition of “ammonium band” from ~ 3100 – 3200 cm-1 (m-i, 
large) related to sym νNH3

+ as, νNH3
+ , and the apparition of  a large  ~ 2200 cm-1  (m) band related 

to the symmetrical νND3
+ as, νND3

+. 
 Using a computational chemistry method we have been demonstrate the existence of a 
large band near 2375 cm-1 (m) substituted by a small signal at 2374.97 cm-1  (m-i, large) (some 
un-deuterated fraction)  and a large signal at ~ 2200.57 cm-1 (m) correlated with  the deuteration 
of labile amino protons belonging to all three units of  Triglycin sulfate . 
  
Deuterated Triglycin sulfate, phase transition, ir spectra, computational chemistry 
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The plastic scintillator β-spectroscopy was applied to the radioactive waste measurements 

by using a large area plastic scintillator. One of most important problem is the calibration of the 
multichannel analyzers  regarding to β- ray energy units, was applied by generating of some 
Compton distributions of electrons produced by gamma radiations with well-known energies in 
the organic scintillator. The values Eemax of the Compton edge’s energy [1], corresponding to 
each distribution is calculated and the channels of the analyzer are calibrated with this values.  
A computer program was used for locating the Compton edge as the most abrupt descendent part 
of the spectrum. A good linear calibration curve was obtained for β-spectra processing by Fermi-
Kurie method for some well-known radionuclides. 
 Stylben C14H12, is one of the best organic scintillators for the measurement of neutrons 
energy by the proton recoil method. But the light efficiency produced by protons is lower than 
the one produced by electrons having equal energies. If the calibration with Compton electrons 
gives a linear dependence with their energy (dL/dE = ct.), in the case of exciting a stylben crystal 
with heavy particles, the luminosity function L(E) varies with the energy faster than a linear 
function, as higher the LET is dE/dx. In this organic scintillator, a correlation between the 
energies of different types of particles, which give the same luminosity was established. This is 
useful for calibrating the neutron spectrometers equipped with an organic scintillator, because in 
order to calibrate the energetic scale of the recoil protons, Compton electrons can be used. We 
established an equivalent formula between the energy of a proton and that of an electron, which 
gives the same number of photons of scintillation in the crystal. 
 By operating a neutron spectrometer with stylben crystal or with a plastic scintillator 
NE-102, the calibration at proton energies equivalent was obtained by using Compton electrons 
produced by the gamma radiation of 60Co, 137Cs and that of 4.43 MeV from the dezexcitation of  
12C in the neutron sources Am-Be. The control of the validity of the calibration method was 
confirmed by the monoenergetic neutrons spectrum at 14.6 MeV of the D-T reaction from the 
neutron generator. 
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