GDANSK CONFERENCE

SPONSORED BY
THE EUROPEAN
PHYSICAL SOCIETY

2002

Second Conference on the

ELEMENTARY PROCESSES
IN ATOMIC SYSTEMS

Gdansk, Poland, 2-6 September 2002
Gdansk University of Technology




GDANSK

A CONFERENCE
sTel SPONSORED BY
G THE EUROPEAN

2002 PHYSICAL SOCIETY

Second Conference on the

ELEMENTARY PROCESSES
IN ATOMIC SYSTEMS

Gdansk, Poland, 2-6 September 2002
Gdarnsk University of Technology

BO0ER CF AEBSIRACTS

Compiled by E. Ptasinska-Denga and R. Szmytkowski



Conference held under the auspices of
the Rector of the Gdansk University of Technology

CEPAS 2002 Organizing Committee
gratefully acknowledges financial sponsorship from

Gdansk University of Technology
AWEK Sp. z 0.0.




Conference Chairmen

M. Zubek (Gdarisk, Poland) — Chairman
Cz. Szmytkowski (Gdaiisk, Poland) — Co-Chairman

International Scientific Committee

V. V. Balashov (Moscow, Russia)
D. Berenyi (Debrecen, Hungary)

. Fabrikant (Lincoln, USA)

. O. Hotop (Kaiserslautern, Germany)
. lllenberger (Berlin, Germany)

. J. Mason (London, UK)

. Mark (Innsbruck, Austria)

. Naumovets (Kiev, Ukraine)

. P. Presnyakov (Moscow, Russia)
- H. Read (Manchester, UK)
Sheregii {Rzeszdw, Poland)

. B. Shpenik {Uzhgorod, Ukraine)
L. Szoter (Miskolc, Hungary)

J. Szudy (Torun, Poland)

I~ - i

o

Local Organizing Committee

. Kasperski

. Krzysztofowicz

. Mielewska

. Mozejko

. Olszewski

. E. Sienkiewicz
Syty

. Szmytkowski

T O~ DOE IO

Conference Secretary

E. Ptasinska-Denga



FOREWORD

The CEPAS conferences have been established as a new series of hi-anmial inter-
national mectings that focus on all aspects of processes and phenoimena stimulated
by interactions of electrons. positrong. jous. atoms. molecules, photons and other cone
stituents of matter with gascous. liquid and condensed matter at low and inrermediate
encrgies. The 2°¢ CEPAS conference organized in Gdaiisk. follows the first conforence
hosted by the lustitute of Electron Phyvsies in Uzheorod. Ukraine. The confercnee is
designed to be a forwm for specialists working on elementary processes in matter fron
Eastern and Central Turope. the European Uniou and other parts of the world. Special
attention is paid to encourage the participation of voung rescarchers,

This book contains the abstracts of fiffeen invited lectures. Tt also containg the ale
stracts of more than ninety contributed papers from research institutions in many -
ropean countries and also in Armenia, Australia. Canada. India. lsracl. Japan. Korea.
USA and Uzbekistan. These contribnted papers will he reported in posters sessions,
Ten of these papers have also been selected for oral presentarions.

The Gdansk University of Technology is proud to host this conference and we
hope that it will stimulate and promote new research initiatives. We also hape that
all conference participants will enjoy visits to the picturesque Old Town of the Ciey
of Gdaidsk which celebrated its millenninm five vears ago. \We acknowledge that the
conferenee was granted spousorship from the European Physical Society.

Mariusz Zubek

Clonference Ch
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LOW ENERGY ELECTRON - MOLECULE COLLISIONS
M. Allan,* T. Skalicky and S. Zivanov
Department of Chemistry, University of Fribourg, CH-1700 Fribourg

Structures due to motion of the nuclei were discovered in cross sections for
electron-molecule collisions long ago and their shapes were related to the autodetach-
ment widths of the resonances [1]. Structures of vibrational origin were subsequently
predicted theoretically and observed in cases where the large width of the resonance
could have been thought to prevent them (Hj [2], HCI [3]). A variety of structures
has been discovered more recently. Step-like structures are observed even above
dissociation limit (HCI, HI). Narrow structures were observed at energies below the
dissociation threshold. They may be due to cusps, but high resolution work has
demonstrated that they lie below vibrational thresholds in some cases where they
must be due to vibrational Feshbach resonances (HF [4], CHjI [5]). At higher en-
ergies in HF [6] and in HCI [7] and HBr [8] the vibrational Feshbach resonances
broaden and become boomerang oscillations. Very narrow structures due to outer
well resonances are superimposed on the boomerang structures in HCI [7]. Nonlocal
resonance theory succeeded in describing all the structures in hydrogen halides 18],
as well as structures in the associative electron detachment [9]. Pronounced selectiv-
ity was observed in the excitation of Fermi-coupled vibrations near threshold in CO,
[10, 11], at energies where cross section enhancement is attributed to a virtual state
— albeit without structures. Recently, however, narrow structures turning gradually
into boomerang oscillations were discovered even in the virtual state region of COs,
in the excitation of certain higher-lying Fermi-coupled vibrations [12].
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NEGATIVE-ION STUDIES IN STORAGE RINGS
Lars H Andersen”
Department of Physics and Astronomy, University of Aarhus. DK-8000 Aarhus C

Heavy-ion storage rings are used for studies of atomic, molecular and cluster ions
(see e.g. Ref.[1]). In this contribution the focus will be on studies of negative ions
which have been studied rather intensively at the storage ring ASTRID in Aarhus,
Denmark (an early review is provided in Ref.[2]). In the talk, examples of research
performed on negative ions will be discussed. This includes lifetime measurements
of metastable electronic states, slow isomerization processes, scattering experiments
with free electrons, and the formation of shortlived doubly-charged negative ions.
As a new activity, we are studying absorption properties of negatively charged (de-
protonated) biomolecules in the visible region[3]. These studies are performed at
the new and smaller electrostatic ion storage ring ELISA[4]. It is demonstrated that
the storage ring technique with long storage times and suitable particle detection is
ideal for studies of the photophysics of chromophores. The absorption band of the
anion chromophores of the Green Fluorescent Protein (GFP) will be discussed as
an example. Our gas-phase absorption measurements are compared with absorption
profiles of the chromophore ion inside the protein and of chromophores in liquids.
In the protein, the chromophore is covalently attached to an a-helix that runs up
the axis of a hollow cylinder formed by eleven $-strands. The cylindrical shape of
the rigid f-can protects the buried chromophore, and based on the new absorption
data it is argued that the absorption characteristics of GFP is mainly ascribed to
intrinsic chemical properties of the chromophore. Absorption measurements with
model chromophores of mutated GFP proteins are currently being performed in our
laboratory to investigate to what extent these findings apply to other systems.
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INTERACTION OF SLOW HIGHLY CHARGED IONS
WITH SURFACES

Friedrich Aumayr’

Institut fiir Allgemeine Physik. Technische Universitit Wien.
Wiedner Hauptstrasse 8-10, A-1040 Wien. Austria

The large potential energy stored in highly charged ions is liberated when these ions
recombine near a solid surface. In such collisions short-lived multiply-excited neutral
particles are formed with a large fraction of electrons bound in high-n states while inner
shells stay transiently empty (,.Hollow Atoms*). For certain target species the potential
energy deposited at the surface causes a novel form of ion induced sputtering which in
analogy to the usual Kinetic sputtering has been termed "potential sputtering" [1].

Since during the last two decades intense sources for slow. highly charged ions (HCH)
have become available, the possibility of using potential sputtering for surface
modification and nanofabrication has captured the imagination of researchers.
Applications have been envisioned, ranging from information storage via material
processing to biotechnology. Compared to kinetic sputtering (i.e. sputtering of target
atoms due to momentum transfer in collision cascades), which unavoidably causes
unwanted radiation damage in adjacent regions, potential sputtering holds great promise
for a more gentle nanostructuring tool. A profound understanding of the mechanisms
responsible for the canversion of projectile potential energy in such collision processes
is theretore highly desirable.

Potential sputtering phenomena have been reported by several groups for a variety of
insulator target surfaces as, e.g.. alkali-halides, Si02., UOy, GaAs, mica and
hydrocarbon-contaminated surfaces (see. e.g.. [ - 5] and references therein). These
imvestigations have in common that a dramatic increase of the total sputter yields, the
secondary ion emission yields and/or the size of single ion - induced surface defects
have been observed with increasing projectile charge state.

We summarize the present status of this field and discuss the mechanisms leading to
potential sputtering.

This work has been carried out within Association EURATOM-OAW and Wwas
supported by Austrian FWF.

[1] M. Sporn, et al.. Phys. Rev. Lett. 79, 945 (1997).

[2] F. Aumayr. et al.. Comm. At. Mol. Phys. 34, 201 (1999).
[3]T. Schenkel et al., Progr. Surf. Sci. 61,23 (1999).

[4] G. Hayderer. et al., Phys. Rev. Lett. 83, 3948 (1999).

[5] G. Hayderer, et al.. Phys. Rev. Lett. 86. 3530 (2001),

e-mail: aumayr@iap.tuwien.ac.at
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Dissociative Electron Attachment and Charge Transfer in
Condensed Matter.

Andrew D. Bass and Léon Sanche

Groupe des IRSC en Sciences des Radiations, Dépt. de Médecine Nucléaire et de
Radiobiologie, Faculté de Médecine, Université de Sherbrooke, Sherbrooke, Quebec,

CANADA,

Experiments using energy-selected beams of electrons incident from vacuum
upon thin vapour deposited solids reveal that the interactions of low energy electrons
with condensed atoms and molecules have much in common with those observed in
gas-phase collision physics [1,2]. For example, scaltering cross sections at low energies
are dominated by the formation of negative ion resonances (or short-lived anionic
states) and molecular damage can be affected via dissociative electron attachment
(DEA). In the condensed phase however, DEA is modulated by a variety of extrinsic
factors that can cither affect electrons prior to their interaction with the target molecule
or fragment species after dissociation. Intrinsic factors such as polarisation. that alter
the energy, lifetime, cte.. of transient anions, also modify stable anion production via
DEA. Recent results have uncovered the intrinsic role of charge exchange hetween
anionic states of target molecules and their environment in determining cross sections
lor clectron driven processcs

[n this contribution we will review studies in which charge transfer is observed (o
oceur. For rare gas solids, we show how electron exchange between negatively charged
excitons and cither a metal substrale or co-adsorbed molecule can enhance the
desorption of metastable atoms and/or molecular dissociation. We will demonstrate how
transient electron capture by the ‘surface electron states’ of a substrate and subsequent
electron transfer enhance the effective cross sections for certain electron attachment
(and DEA) processes.  We will devote attention 1o the analogous case of DEA to
molecules (c.g.. CF:Clsy, 5-halo-uracils) condensed on water ice, where electron
exchange between pre-solvated electron states of ice and transient molecular anions can
increase DEA cross sections.

This work is supported by the Canadian Institutes of Health Research.

[1] L. Sanche I. Phys. B 23, 1597 (1990).
{2] L. Sanche Scanning Microscopy 9, 619-656 (1995).

abass@couwrrier.usherb.ca
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PHOTOEXCITATION AND PHOTOIONIZATION
SPECTROSCOPY OF ATOMS AND MOLECULES

Uwe Becker

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6. D-14195 Berlin,

Germany

Photoexcitation and photoionization spectroscopy of aloms and molecules probes the

initial and final states of the ionized target regarding its electronic but also geometric

structure.

This field has recently evolved in three main directions, if the spectroscopy of ions

and clusters are considered to be separate subficlds:

1)

i)

i)

The analysis ol the photoionization and photoexcitation processes by
scomplete™ experiments in order to achieve an approximate description in
terms of transition matrix clements, including relative phases. During the last
years. there has been signilicant progress especially in atomic photoionization
[ 1]. whercas molecular photoionization is still in its infancy [2].

The study of many-clectron emission processes regarding the nature of the
electron correlations governing them. Photo double ionization of helium is a
prominent example for these studies because it is a show case for the three-
body Coulomb problem [3]. Considering the decay ol core-excited and core-
lonized states the simultancous emission of two Auger electrons has just
recently been observed by electron-electron coincidence spectroscopy. thus
complementing the photo double ionizalion studies.

The scattering of the photoelectron on its way out in many cases serves as a
fingerprint of the geometric structure of the ionized target. Localized inner-
shell electrons probe the conformation of the nuclei in a molecule. whereas
delocalized valence clectrons cause a sort of diffraction. which images the
defocalized electron clouds in reciprocal Fourier space. Examples for both
behaviors are presented and discussed.

References

(1]
(2]

(3]

U. Becker, J. Eleetr. Spectrosc. Relat. Phenom. 96. 105 (1998).
O. Gebner er al.. Phys. Rev. Lett. 88. 193002 (2002),
J.S. Briggs and V. Schmidt, J. Phys. B 33. R (2000).
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PHYSICAL PROCESSES IN LASERS ON SELF-
TERMINATING TRANSITIONS

Volodymyr Kelman
Institute ot Electron Physics of the National Academy of Sciences of Ukraine

Gas lasers oscillating on transitions emitting from the upper resonant to the
lower metastable levels are known as the lasers on self-terminating transitions (STT).
Comparatively simple but eftective pumping scheme used in these lasers is based on the
dominating efficiency of excitation of the atom (or ion) resonant levels by electron
impact on the front of the high-voltage pulsed discharge. Although it is more than 35
years ago as the first Mg-vapor laser of this class was invented and elaborated, there still
are not resolved some principal aspects touching both the physical processes in these
lasers and some practical applications.

As mentioned above, although the main pumping scheme seems to be rather
simple, this simplicity is delusive. A large quantity of physical phenomena do not allow
one to obtain limiting lasing parameters predicted by theoretical calculations. In this
context are discussed the discharge nonuniformities, gas temperature and metastable
level population relaxation during interpulse period. It is shown that all these parameters
are closely connected. The question concerning the prepulse electron concentration and
influence of its value on laser parameters is also discussed (known discussion between
G.Petrash and S.Yakovlenko).

Sometimes the influence of these parameters is surprisingly unpredicted. It has
been shown that in Bi-vapor Jaser the pumping mechanism is not traditional and not
similar to that in the ather STT lasers. In Bi-vapor laser, the upper resonant level is
excited predominantly due to dissociative excitation of bismuth dimers by electron
impact.

The most impressive results in the field of STT lasers were obtained during last
period using so-called HyBrID technology. CuBr compound in this laser is produced
directly in a discharge tube when Ne + HBr mixture is pumped through the tube. So, in
discharge new kind of particles are present (hydrogen, halogens). Influence of these
particles on processes during the current pulse and interpulse period is discussed. An Cs
admixture, which resonance level is in resonant coincidence with Cu atom metastable
level energy, influence on lasing properties of Cu-vapor laser is also discussed.

STT lasers have extremely high amplification. A Unique tool — coherent
brightness amplifiers of image - were designed using this property. In combination with
the Cu-vapor laser in green and the Au-vapor laser in red, an effective blue STT laser
can be useful to elaborate the color projection systems with brightness amplifiers of
images. However the Bi-vapor and the Fe-vapor blue lasers tested till now do not satisfy
the average power and efficiency requirements.

Suggestions for new blue STT lasers using titanium and indium atoms self-
terminating transitions are discussed.

vkelf@mail.uzhgorod.ua
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THRESHOLD PROCESSES IN PHOTOIONIZATION
OF ATOMS AND MOLECULES

G. C. KING
Department of Physics and Astronomy, University of Manchester, Manchester M 13 9PL.

In threshold photoionisation the target is ionized just above a reaction onset.
Photoelectrons are produced with energies that are typically in the range from zero to a
few meV and these are detected by analysers tuned to these low energies. Threshold
photoelectron studies have been applied to both single and double photoionisation. They
are important because they give both dynamic and spectroscopic information. They also
have a number of experimental advantages.

Close to threshold, ditferent ionisation processes become important. For example,
in photodouble ionisation, the low energy electrons move only slowly away from the ion
core allowing ample time for electron correlation effects to become dominant. Also, close
to threshold, indirect processes are often important. Here photoionisation proceeds via a
highly excited state in a two-step process. This highly excited state may decay to the final
ion state with the emission of an autoionisation electron which will be detected if it has
sufficiently small energy. These indirect processes compete with the direct one and
indeed can become dominant. In the case of molecules, for example, this can lead to the
observation of vibrational excitation well outside the Frank-Condon region. All of this all
means that threshold photoelectron spectra are invariably very different from
conventional photoelectron spectra and so provide much new information.

On the experimental side, the threshold technique offers the advantages of very
high resolution (-~ meV) and simultaneously very high detection efficiency. This means
that they can give state spectroscopic information at the level of individual rotational
levels. This very high resolution is also well matched to the high photon resolution
provided by current synchrotron radiation sources. The very high detection efficiency
facilitates the use of coincidence techniques that are required for the study of double
ionisation, where both photoelectrons are detected simultaneously.

Recent experiments will be described illustrating the techniques and the kinds of
information that can be obtained from threshold photoionisation studies.
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SCATTERING OF POSITRONS AND POSITRONIUM
BY ATOMS AND MOLECULES

G. Laricchia

Department of Physics and Astronomy
University College London
Gower Streei

London WC1E 6BT, UK

Interest in collisions involving positrons (e*) and positronium (Ps, the bound state of a
positron and an electron, e) remains strong as new experimental techniques and
theoretical methods are enabling increasingly stringent tests of the understanding of
basic atomic and molecular collision phenomena, as well as of fundamental antiparticle-
matter interactions, Current topics of research include positron-induced ion production
(comprising ionization with and without Ps formation, annihilation, elc), positron
impact excitation (vibrational and electronic) and positronium scattering. The status on
available experimental cross-sections for positron and positronium collisions will be
reviewed, including recent advances in the investigation of positron impact ionization
(with and without Ps formation), excitation and annihilation. In the case of Ps
projectiles, the status on measurements of the total and break-up cross-sections in
collision with simple atomic and molecular targets will be reviewed. Comparison with
theories shall be made wherever possible. The interested reader is further referred to
recent works'#* 1,

References

[1] W. Raith in Photonic, Electronic end Atomic Collision F Aumayr and H Winter
eds. (World Scientific, Singapore,1998) p. 341.

[2] G. Laricchia and M. Charlton, Phil. Trans. R. Soc. Lomd. A 357, 1259 (1999).
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ELECTRON DRIVEN REACTIONS IN CLUSTERS

T.D.Mark, S.Matt, R.Parajuli, J.Fedor, K.Gluch, G.Hanel. T .Tiegele, P.Scheier. M.Probst.
A.Stamatovic', O.Echt?, C.Lifshitz*, J.Harvey', F.Hagelberg?

Institut fiir lonenphysik, Leopold Iranzens Universitit, Technikerstr. 25, A-6020 Innsbruck,
Austria

Mass spectrometric  studies of spontaneous (metastable) decay reactions and of
dissociative reactions of mass-selected cluster ions induced by photons, electrons or surface
collisions have provided a wealth ol information about structure. stability and energetics of
these species and the dynamics of the corresponding decay reactions. Surprisingly few
studies, however, have been reported concerning measurements of the kinetic energy release
distribution (KERD) for the decay of metastable, weakly bound atomic (rare gas) or
molecular. cluster ions.

The most common mechanism that drives unimolecular, metastable decay of atomic
cluster ions is vibrational predissociation in which the excess energy is statistically distributed
over all energetically accessible degrees of freedom. usually limited to atomic vibrations.
However, unimolecular dissociation may also be driven by mechanisms that mvolve non-
statistical, localized storage of excess energy. For example, large amounts of energy can be
stored in electronically excited states in rare gas clusters: one characteristic features of these
exciton-driven decays is the large amount of energy that is abruptly released within the
metastable time window as shown here for the first time.

Using a high resolution two sector field mass spectrometer of reversed geometry we
have measured metastable fractions and mass-analyzed ion kinetic energy (MIKE) peaks for
metastable (spontaneous) and electron-induced decay reactions involving  monomer
evaporalion and fission reactions of atomic and molecular cluster ions produced by electron
impact ionization of neutral cluster beams. Additional information about the production of
these ions as a function of cluster size has been obtained by studying the ionization thresholds
using a high resclution electron monochromator.

Both, average kinetic energy release, <KER>, data derived from the peak shapes and
the time dependence of the metastable fractions show a characteristic dependence on cluster
size yielding immediate information on the metastable fragmentation mechanism when going
for instance from the dimer to the dekamer ion. Moreover, the <KER> data contain
information about the transition state temperature and thus one can use finite heat bath theory
to calculate the binding energies of the decaying cluster ions allowing informative comparison
with (i) previous results based on gas phase ion equilibria measurements where available and
with (ii) the corresponding bulk value. The recent addition of a third sector field and a high
performance electron gun enables also studies of the time dependence of the kinetic energy
release distribution (KERD) and in conjunction with model calculations for these KERDs to
obtain information on the dynamics of the underlying decay reactions.

Work supported by FWF, ONB, OAW. Wien and the European Comumission, Brussels.

1) Beograd, 2) Durham, 3) Jerusalem, 4) Bristol, 5) Jackson

Email address of corresponding author: tilmann.maerk@uibk.ac.at
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AUGER PROCESSES IN ELECTRON IMPACT
EXPERIMENTS

B. Paripas®

Department of Physics, University of Miskolc,
3515 Miskole-Egyetemvaros, Hungary

The Auger electron spectroscopy is a very effective tool for the study of materials.
Although that tool is rather old, the application of the recent experimental and
theoretical methods can still lead to new results.

In the lecture we concentrate to the line shape of the Auger peaks ejected after
electron impact inner shell ionization. The line shape is affected mainly by the post-
collision interaction (PCI) i. e. the Coulomb interaction of the four charged particle
in the final state: the scattered electron, the ionized electron, the Auger electron
and the target ion. For non-coincidence experiments, when the scattered and the
ionized electrons are not detected, the peak shapes can be obtained by integration
of the triply coincidence peak shapes [1] over the non-measured quantities.

We have carried out a set of calculations on the peak-shapes of argon Lg 3 M 3 Ms 5
Auger electrons at 300 eV, 500 eV and 2 keV primary electron energies at different
Auger emission angles [2]. We determined the required cross sections for secondary
electrons by the classical trajectory Monte Carlo method and, for high impact en-
eray (2 keV), by the continuum distorted wave method, too. After the numerical
integration the Auger peak-shapes were evaluated in the same way as the experi-
mental spectra, so we could compare our calculations and experiments. The energy-
and angular dependence of Auger peak shapes will be discussed in the lecture. Here
we stress that the angular dependence of the Auger peak asymmetry has maximum,
when the energy of receding three electrons is comparable, thereby the relative ve-
locities strongly depend on the orientation of velocity vectors.

In complex spectra, when the Auger peaks strongly overlap, the knowledge of the
exact line shape is essential. As an example of this problem we show the evaluation
of the Kr Ly ;M4 My s Auger spectrum [3].

Among the diagram lines of Auger spectra we can often observe satellite lines of
different origin. One of these types will be examined in details, it is the so-called
resonant Auger process after deep inner shell electron impact excitation [4].

References
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Fragmentation and ionization induced by high energy particle
collisions

Paul Scheier !, Gernot Hanel', Tilmann D. Mirk!, Bernadette Farizon®, Franck Gobet?,
Bruno Coupier'?, Michel Farizon?, Dag Hathiramani®, Erhard Salzborn®

! Institut fiar Ionenphysik, Technikerstr. 25, A-6020 Innsbruck, Austria

® Institut de Physique Nucléaire de Lyon, 43 boulevard du 11 Novembre

1918, F-69622 Villeurbanne Cedex, France

*Tustitut Tir Kernphysik. Justus-Liebig-Universitit Giessen, [-35392
Giessen, Germany

The interaction of molecules and clusters with fast projectiles like protons electrons
or He atoms often leads to ionization and/or fragmentation of the large collision partner.
Such processes play an important role in technical and natural plasmas. In addition
damage of living cells upon the exposure to ionizing radiation on a microscopic level is
also based on ionization and fragmentation of the DNA. In different laboratories
specially designed instruments were used (o investigale the inelastic interaction of
clusters and molecules with various projectiles. These experiments have provided new
information about structure, stability and energetics of these species and the dynamics
of the reactions involved,

In Lyon high-energy collisions (60 keV/amu) of hydrogen cluster ions with a
helium target were completely analyzed on an event-by-event basis. By selecting
specific decay reactions it is possible to start after the energizing collision with a
microcanonical cluster ion ensemble of fixed excitation energy and to derive
corresponding temperatures of the decaying cluster ions. The relation between the
temperature and the excitation energy (caloric curve) exhibits the typical prerequisites
of a first-order phase transition in a finite system, in the present case signaling the
transition from a bound cluster to the gas phase.

In Giessen fragmentation of fullerene ions Cg™ (z=1 ... 3) induced by electron
impact was studied quantitatively for the first time. The cross sections for the loss of a
C. fragment indicate the presence of two different processes. At low electron energies
the projectile electron leads to the direct excitation of the giant plasmon resonance. At
electron energies larger than 100 eV the fragmentation of the fullerene ions can be
described as an unsuccessful ionization. Only this second part of the cross section
shows a dependence on the charge state z of the precursor ion.

Work supported by FWF, ONB, OAW, Wien, the European Commission, Brussels,
DFG, Bonn, and the Amadee program of the French and Austrian governments

" Email address: Paul.Scheier@uibk ac.at
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DYNAMICS OF IONIZATION PROCESSES
STUDIED WITH THE COLTRIMS METHOD
— NEW INSIGHT INTO e-e CORRELATION

H. Schmidt-Backing, R. Dérner and V. Mergel

University Frankfurt, Frankfurt, Germany

Many-particle dynamics in atomic and molecular physics has been investigated
by using the COLTRIMS method. The method and its application are discussed.
The COLTRIMS technique visualizes many-particle fragmentation processes in the
eV and sub milli eV regime and reveals — like the bubble chamber in nuclear phvsics
— the complete momentum pattern in atomic and molecular particles reactions.
New data on e-e correlation in He are presented. Particularly the asymptotic regime
of the He ground state wave function is explored, where all long range correlation is
hidden.
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High Resolution Studies of Electron-lon Recombination

R. Schuch'. N. Eklow'. :‘l l-‘oule] I Lindroth!. 8. Madzunkov!, Mohamed!
D. \11\011«1 P.Glans?, H. Danared, A, Killberg, and A. Pasl?

'Department of Atomic Physics. SCFAB. Stockhiolm University, S-10691 Stockholm. Sweden
2Physics department. Mid- Swedish University. Sundsvall. Sweden
TMSL, Stockholm University. S-10405 Stockholm. Sweden

Cooler storage rings are excellent tools to study recombination of electrons with ions.

This process lias several important astrophysics and plasma-physics applications. hesides
being of fundamental interest. [ is the proposed mechanism for antilivdrogen produe-
tion in a trap filled with antiprotons and positrons. The most fundamental process is
radiative recombination. When recombination proceeds via a doubly excited state in the
ZA=UF intermediate systern (in dielectronic recombination). then the cross section shows
strong resonant-like structure. Accurate measurements ol these resonances in scattering
of electrons at fons can be used for critical tests of caleulations.

We present our latest results on recombination at very low relative energies between
electrons and ions done al the CRYRING heavy-ion storage ring at MSL in Stockholn.
This electron cooler has an adiabatically expanded electron beam that gives electrons
with mean transversal velocity component of 1 meV and longitudinal component of (.1
meV. New data on the enhanced rate coefficient is shown. Then we will concentrate
on recent measurements of dielectronic recombination resonances with Li-like, Na-like,
illi(l (-ll-llli(‘ lUll"\' \\’El(‘l(‘ l]i)ill lll(‘ =3 )t’(llﬂ (il IesOnAnces very accurate \rlill(“-\ iUI (‘11('1"’\
splittings are (lmwcrE for crucial tests of relativistic, correlation[1], hyperfine interaction.
and QED effects We will see that. and how the presently most accurate data on
level splittings and QLD effects in heavy. highly-charged atomic systems is obtained by

recombination. thus by clectron scattering, instead ol conventional photon spectiroscopy.

Figure 1: Comparison ol the ex-

= 7 perimental recombination rate coef-
\-.' -~ Experiment ficient for Be' with a caleulation 1]
A —=——=ThE0ly in relativistic many-body perturba-

tion theory.
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Studies of physical processes in the Earth's atmosphere

T. Stacewicz, S. Chudzynski, A. Czyzewski K. Ernst, G. Karasinski, A. Pietruczuk
W. Skubiszak, K. Stelmaszczyk,

Institute of Experimental Physics, Warsaw University,

ul. Hoza 69, 00-681 Warsaw, Poland.

investigation of properties of the atmosphere are of great importance. Besides
recognition of mechanism leading to the formation of either the local weather or global
climat changes, the knowledge of physical and chemical parameters of the atmosphere
is important tor understanding the processes of pollutions emission, their propagation
and transformation (imission), as well as their influence on living organisms. especially
for the human health.

In the atmospheric research the optical methods has been always widely used. In
nowadays various methods of laser spectroscopy improve these opportunities. During
the lecture we will present application of Cavity Ring — Down Spectroscopy for
monitoring ot atmospheric trace gases. This technique, characterized by extremelv high
sensitivity, can replace in the future some standard methods used for detection of the
atmospheric compounds.

The possibilities of the remote investigation are of great interest for the atmospheric
researchers. Here the lidar techniques provide the unique opportunities of
measurements. The most simple, single wavelength lidars, are suitable to search
distribution of aerosols in the atmosphere. Measurements of depolarization of the laser
light scattered in the atmosphere can inform about the presence ot nonspherical acrosol
particles. The lidars working on two wavelengths (DIfferential Absorption Lidar -
DIAL) are used for selective detection of the atmospheric pollution. Finely the lidars
working on many wavelengths provide opportunity to investigate the size distribution of
the aerosol particles. During the lecture our achievements obtained by means of the lidar
techniques will be shown.

This work was supported by Polish State Committee for Scientific Research, grant

number 3 P04G 05222,
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ELECTRON - MOLECULE COLLISIONS CALCULATIONS USING
THE R-matrix METHOD

Jonathan Tennyson

Department of Physics and Astronomy, University College London,
Gower Street, London WCI1E 6BT, UK.

Electrons collisions with molecules can result in the excitation of both nuclear and electronic
motions. Considerable work has been performed using the R-matrix and other methods
studying these processes in the low energy regime, where many of the cross sections are
dominated by resonances. Recent examples of calculations include:

e Electron impact dissociation studies of water [1] which are important for models of
radiation damage in biological systems.
e The study of electron collisions with atmospherically important Cl,0, radicals [2-4].

e Llectron impact dissociation data for Hy, and isotopomers, which required the for-
mulation of the double differential cross section for this process [5] and the probable
identification of the source of ‘cold’ H atoms at the edge of fusion plasmas [6].

e Electron impact rotational excitation of molecular jons, we have considered all astro-
physically important diatomic ions [7] and symmetric top molecules [8], including the
first ever calculations on electron collisions with the key H;O* ion [9].

e Electron collisions with plasma etching gasses, in collaboration with the experiments
of Dr Nigel Mason. The first ever results have recently been obtained for collisions
with CF; radical, which show a clear pathway for dissociative attachment [14], and
calculations on collisions with CF5 have started.

e Dissociative recombination (DR), calculations performed in collaboration with Suzor-
Weiner’s group in Paris, obtained quantitatively correct results afor the DR of NO+
at low energies and explained the behaviour at higher energies [15], both for the first
time. Work on dissociative recombination of CO?* is underway.

- J.D. Gorfinkiel, L.A. Morgan and J. Tennyson, J. Phys. B, 35, 543 (2002).

. K.L. Baluja, N.J. Mason, L.A. Morgan and J. Tennyson, J. Phys. B, 33, L677 (2000).
- K.L. Baluja, N.J. Mason, L.A. Morgan and J. Tennyson, J. Phys. B, 34, 2807 (2001).
- K.L. Baluyja, N.J. Mason, L.A. Morgan and J. Tennyson, J. Phys. B, 34, 4041 (2001).
C.S. Trevisan and J. Tennyson, J. Phys. B, 34, 2935 (2001).

C.S. Trevisan and J. Tennyson, Plasma Phys. Controlled Fusion, (in press).

A. Faure and J. Tennyson, Mon. Not. R. astr. Soc., 325, 443 (2001).

- I. Rozum, N.J. Mason and J. Tennyson, .J. Phys. B, 35, 1583 (2002).

. LF. Schneider, I. Rabadan, L. Carata, J. Tennyson, L.H. Andersen and A. Suzor-Weiner, J.
Phys. B, 33, 4849 (2000).
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INTERFERENCE EFFECTS IN THE TWO-COLOUR EXCITATION OF THE
SODIUM ATOM

AM. Alhasan and J. Fiutak

Pomorska Akademia Pedagogiczna
Instytut Fizyki
76-200 Seupsk, Poland

Abstract

The steady state of the density matrix is analysed for the two colour light beam
resonantly coupled to the different wansitions between the lower S|, and upper P

sodium hyperfine levels, /=1 and F=2. Particularly, the populations, the
contributions to the transition dipole moments and the Raman coherences have been
calculated for various beam intensities and detunings. The EIT resonance has been
found to be entirely due to the collisional destruction of the ground state Raman
coherence and the power broadening. Therefore, the corresponding profile is very
narrow for the weak field, as compared with the spectral line shape. In the case of
sufficiently strong coupling beam the dynamical Stark effect is dominant. We have
found that the position of the EIT resonance does not depend on the field intensities of
the coupling and probe beams.

alhasantowsp.slupsk.pl
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BOOMERANG STRUCTURES IN CO,
AL Allan®
Department of Chemistry, University of [vibourg, CT-1700 Fribourg

Vibrational -'\'rimt'run in COy has two distinet energy ranges: a “I1, shape reso-
nance around 3.6 eV, where boomerang structures have long been known [1], and a
virtual state at energies near threshold. Pronounced selectivity was observed in the
excitation of Fenni-coupled vibrations in the virtual state range - albeir without
structures (2. 3], This poster reports structures ol vibrational origin in the virtual
stale region of COq. They appear in the excitation of cortain higher-lying Fermi-
coupled vibrations involving streteh and bending [4]. The lowest two structures, at
0.5 and 0.53 V. are narrow, ]!wlu‘ Iving structures ave hroader. boomerang-like.
and extend up to about 0.9 V. A possible explanation is that the virtual state.
a state on the verge of being hon_} . becomes “truly born™ at a hent and stretched
geometry of the COy and the observed structure is a consequence of the reflection
of the nuclear wave packet on this potential surface. An alternative explanation
would involve metastable vibrational levels of the well known bent and stretched A
valence state of CQ, (the lower branch ol the *T1, shape resonance) which could
be coupled to the virtual state scattering by tunneling. The A’ state of COJ is
generally thonght to be at higher energies, though.
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Figure 1 Cross section for exciting the topmost member of the Fermi triad (. 2n.0)
with mo b o 2. Selected vibrational thresholds are indicated by grids.
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ON THE CONTRIBUTION OF COSTER-KRONIG TRANSITIONS IN ATOMIC
SHELLS TO THE BROADENING OF EMISSION LINES OF X-RAY
PHOTOELECTRON SPECTRA OF METALS

‘M.Ya.Amusia and **A.A.Paiziev
“loffe Physical-Technical Institute, S.-Peterburg, 194021, Polytechnical str., 26,
Russia
“*Arifov Institute of Electronics, Academgorodok, Tashkent, 700143,

Uzbekistan

Broadening of emission lines in X-ray photoelectron spectra of solids is
determined by different mechanisms of vacancy relaxation in the internal sell of
atomic core. In the case of metals, the presence of the conduction zone causes
the formation of new decay channel of the internal vacancy, channel being
connected with the energy transfer to the electrons of conduction zone. In this
paper the contribution of Coster-Kronig transitions with the formation of the hole
in conduction zone to the whole broadening of atom level in metal has been
considered. Calculations were carried out for Na (L - L V), K (M - M V), Zn (M -
M) both in the Hartree-Fock approach, and with the account for multi electron
correlations in RPAE approach both in the skeleton, and in conduction zone of
metal. It has been shown, that in Li the wideness of 2S level in respect to the L
- L V transition accounted for 70% of the whole wideness , in K - 50% of the
wideness of emission band of M level, but in Zn this value accounted for ~ 2%
of the whole wideness of M level. The conclusion has been made, that in Li
and Na the calculated wideness of core levels coincidences with the whole non-
iradiation wideness, but in Zn small value of calculated M - level wideness is
connected with the fact, that besides of the mentioned (M - MM) decay channel
there is the possibility of the expulsion of Auger-electrons from 3d(M ) shell
(Super-Coster-Kronig transition M -M M ). In this case M - M V decay channel
is practically closed and the whole wideness of M level is determined by the (M-
M M) transition (the yield of fluorescence in Znis -~ 1% ).
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COHERENT RESONANCES IN DEGENERATE TWO-
LEVEL SYSTEMS IN Cs

C.Andreeva' , V.Biancalana®, S.Cartaleva', Y.Dancheva'. E Mariotti®. L. Moi’. K.Nasyrov'’

'Institute of Electronics, BAS. boul. Tsarigradsko Shosse 72. 1784 Sofia. Bulgaria
“Department of Physics. University of Siena, via Banchi di Sotto 55, 53100 Siena. [taly
‘Institute of Automation and Electrometry, Novosibirsk. Russia

The phenomenon of Coherent Population Trapping (CP1) [1] has attracted increasing
attention recently due to its applications in magnetometry. lasing without inversion. cooling
of atoms, slowing of light. etc. It is observed mainly in alkali atoms when coupling the two
ground-state hypertine (hf) levels o a common excited level by means of two coherent
radiations as a decrease in fluorescence around the two-photon Raman resonance condition.

It has been shown [2] that interesting coherent eftects are observed also at a single hf

transition. involving as lower levels the Zeeman sublevels of one of the ground ht state. In
this case not only decrease in the fluorescence (Electremagneticallv-Induced Transparency
= LIT). but also increase (Electromagnetically-Induced Absorption — EIA) can be observed
depending on the degeneracy of the ground and excited states. E1T resonances oceur tor

F. —F. = F.-1 transitions and E1A resonances — for F, —F . - Fo 1 wansitions.
Our results show that in a vacuum cell, where there is overlapping of the hi transitions
within one fluorescence line. starting from a single ground hf level. the sign of the

resonances is determined by the degeneracy of the levels of the hf transition which is closed
or which has the highest probability and suffers lowest losses towards the other ground
level, not-interacting with the laser field. Single-sign resonances have been observed over
the whole Doppler profile of the fluorescence lines of the Da line of Cs {Fig. 1),
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Fig.1 Coherent resonances for the Fo=4 (a)and F. = 3 {b) fluorescence lines

Results on the behaviour of these resonances in dependence on the parameters of the
light field and transition irradiated will be presented.
Acknowledgements: The authors thank NCSR (F1005) for the partia suppott.
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A-5

TOTAL CROSS SECTION FOR ELECTRON SCATTERING
BY CH,, C,He, CF; AND C,Fs MOLECULES
IN THE ENERGY RANGE 200 - 1400 eV.

W. Ariyasinghe and D. Powers
Baylor University , Waco, Texas, USA

The total electron scattering cross section of CH4 , C2H6 , CF4, and C2F6 molecules have
been measured for 200 — 1400 ¢V electron energies using the clectron beam attenuation
through a gas cell. The intensity of the primary beam and the attenuated beam were
measured using a double focusing electrostatic analyzer with energy resolution 0.75 eV
(FWHM) or better and an angular acceptance of 1.2 x 10-5 sr. Measured cross sections
have been compared to the existing theoretical predictions. The correlation between the
total electron scattering cross section and the number of electrons in the larget molecule is
discussed.
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Temperature dependence in dissociative electron capture by
1.4-chloronitrobenzene

N.L. Asfandiarov, S.A. Pshenichnyuk, V.S, Fal’ko

Institute of Phyvsies of Molecules and Crysials, October Prosp., 151, Ufa, 43500735,
Russia

Mlenberger at all' have found unusual temperature dependence in dissociative
electron attachment to {,4-chlorobromobenzene. The effect tound was explained by the
temperature dependent population of the relevant normal modes containing the C-Cl
and C-Br stretch vibration'. Following to this interesting result we studied the same
molecule of | 4-chloronitrobenzene which has positive electron atfinity EA=1.234 eV~

Electron attachment to [ 4-chloronitrobenzene in the energy range 0-3 eV leads
to three negative ion (NI channels: M [ NQ | and Cl . Intensity of the molecular N1
decreases dramatically with temperature increasing. On the contrary. the intensity of the
NO; and Cl ions is increasing with temperature. Moreover low energy resonance (~0.5
eV) shits left rapidly. but high energy resonance (~3.4 eV) keeps its energy. In contrast
to the case of |.4-chlorobromobenzene the ratio of NI intensities CI :NQ ~2:1 in the
low energy region ~0.5 eV, and 1:2 at the energy ~3.4 eV is practically constant. see
figure,

28000 5 $500G

. 2 M=
- T Noa ) Cl NO,
20050 4 : gl 1 0.28
$ s
3] 15006 o
& 15060 o ; /
°
E : 345K _ 568 K
E ]
T 100 o 0.47
= 5000 4 ..
&

Electron Energy, eV Electron Energy. eV

Figure. Temperature dependence of the curves of NI effective vield.

Data obtained allows to conclude that there are essential differences between
temperature  behavior of ld-chlorobromobenzene! and 1.4-chloronitrobenzene in
dissociative electron attachment.

This work was sponsored by the Russian Foundation for Basic Research. Grant
00-02-16578, )

" A. Rosa. W. Barszczewska. D. Nandi. V. Ashok. S$.V.K. Kumar. E. Krishnakumar. F. Briining.
E. Wenberger. Chemr. Phvs. Lett., 342 (2001) 536.
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EFFECT OF ELECTRON IRRADIATION
UPON PHOTOLUMINESCENCE
OF CdS;_Se, MIXED CRYSTALS

Yu.M.Azhniuk'", A.V.Gomonnai', D.B.Goyer', M.Kranjeec™,
V.V.Lopushansky', .G.Megela'

"nstitute of Electron Physics, Ukrainian National Academy of Sciences.
21 Universytetska Str., Uzhhorod $8000. Ukraine
" Ruder Boskovic Institute. ZLagreb. P.O.Box 1016, 10000 Zagreb, Croatia

" University of Zagreb. Geotechnical Fuculty Varazdin, Hallerova aleja 7. 42000
Varazdin. Croatia

Mixed CdS ., Se, erystals are well known luminescent materials, the character of
their luminescence swrongly depending on the preparation conditions and exrernal
factors. The effect of electron irradiation upon the photoluminescence (PL) has been
reported only for CdS. Hence, the studies of mixed CdS,.Se, crystals would provide
new information on their luminescent properties as well as on the radiation defects
formation mechanisms.

Intentionally undoped CdS;,Se, crystals were irradiated at 77 and 300 K with
10-MeV electrons up o the fluence d=10" cm =, PL spectra were measured at 77 K
from the polished crystal faces on a LOMO DFS-24 monochromator using an Ar laser
(7. = 476.5. 488.0 and 314.5 nm) tor excitation.

in sulphur-rich CdS,_ Se, crystals the intensity of so-called "green” (in terms of
CdS) PL band. atwibuted to the transitions in donor- -acceptor (DA) pairs with the
participation of shallow donors (V. Cdp dnd deep acceptors (S,). increases by factor of
5 to 10 at irradiation with ®=5x10"" ¢m *, Comparison of the obtained results with
these for neutron-irradiated CdS. where lfu considerable decrease of the green PL i
explained by the effect of electric and elastic fields of neutron irradiation-induced defect
clusters upon the radiative centres. as well as effective drain for the i umpurities included
into the recombination centres. enables us to conclude that. contr: ary to neutrons, 10-
MeV electrons, similarly 1o lower-energy electrons. result in formation of isolated
defects (vacancies. interstitials) but not their clusters in CdS.

I'he dose behaviour of "orange” (in terms of CdS) PL band strongly depends on
v. While for the crystals with lower Se content, where il is atiributed to the
recombinaton through (Cd—Cugcg). (Cd, —Ageg). (VsCuca)s (Vs-Agrq) DA pairs, its
intensity somewhat increases with irradiation. for Se-rich samplm iradiation results
the PL band at 1.65 eV decreasing in intensity by more than by order of nmwmrudc for &
= 10" cm™. Such mdxml h‘r!c’renu in the dose behaviour of the "orange" PL band
indicates Ilm at x = =0.6 the nature of the corresponding recombination centres is
changed from the mutm! cumplu\u to single-charged acceptors, evidently Cugy and
Agey. and strong decrease of the PL band intensity with irradiation can be e :xplained by
the fact that the radiation-induced chaleogen vacancies and Cd interstitials form
complexes with the present single-charged acceptors, these complexes being responsible
for the recombination processes with lower energy.

e-mail: azhiciep.uzhgorod.ua
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CONTROLLED MODIFICATION OF MOLECULAR NANOFILMS
BY LOW ENERGY ELECTRONS

Richard Balcw Martin Pennn Fugen HI mhwm'
Negib Hedhili*. Fubrice Bournel”. Michel Trone-. Roger Azria”
'Tnstitut fiir Chemie - Physikalische und Theoretische Chemie. Freie Universidit Berlin
Tukustrasse 3. D-14197 Berlin
" Lahoratoire des Collisions Atomiques et Moléculaires. Université Paris Sud. F-9 1405
Orsay

The interaction of electrons with molecules at low energies (e. o. below the threshold
tor dissociation into neutral particles) can induce selective bond cleavage via
dissiociative electron attachment. In the first step a transient negative ion is formed by
resonant attachment which dissociates into a neutral radical and a negatively charged
fragment. In the case of halogenated compounds the cross section for such reactions can
be very high and exceed the geometrical cross section by orders of magnitude [17].

We have applied the technique of low energy electron interaction to thin molecular
films to study chemical reactions induced in the energy range 0-15 eV. This is done in
an UHV arrangement consisting of an electron monochromator, an cryogenically cooled
surface and 4 mass spectromeler to detect ions gjected from the surface. Electron
initiated reactions within the molecular film can be followed by the infrared-reflection-
absorption-spectroscopy (IRRAS) technique [2].

In the case of of CoF,Cly molecular clorine {Cls) can by senthesized by low energy
electrons. The cross section for the reaction strongly depends on the primary electron
energy and exhibits a resonant like behaviour with a peak near 8 eV and another peuk
below 2 eV, While above the threshold for electronic excitation (= 6 ¢V) many difterent
reaction routes are possible. at low energies dissociative electron attachment is the only
possible initial step [3].

We demonstrate that by irradiation of a CsF,C Iy surface with electrons at energies
below 2 eV the surface is completely transformed into Cls (and further vet unidentified
products). This is due to the fact at those energies the educt is decomposed but not the
products,

[1] E. Ilenberger. Electron Caplure Processes by Free and Bound Electrons in:
Advanced  Series in - Physical Chemistry — Vol 108, Photoionization and
Fhotodetachment. Part Il C.Y. Ng. Editor. e orld Scientific. Singapore, 2000,

[2] P. Tegeder and E. lllenberger. (. 1em. Phys. Letters 341 (2001) 401,

[3) R. Balog et al. Phys. Chem. Chem. Phys. (in print).
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CLEAR EXPERIMENTAL EVIDENCE FOR P-WAVE THRESHOLD BEHAVIOUR
INELECTRON ATTACHMENT TO CHLORINE MOLECULES

S. Barsotti*, M.-W. Ruf and H. Hotop
Fachbereich Physik, Universitit Kaiserslautern, D-676353 Kaiserslautern. Germany

One of the open problems in low energy electron attachment studies is the thresh-
old behaviour for the anion yield in cases for which, based on the symmetry of
the involved anion resonance state, s-wave electron attachment is forbidden. Two
important such cases are the molecules Fy and Cl,. As shown in Fig. 1 for Cl,,
anion formation near zero energy is expected to proceed by p-wave attachment
(o(E) o< EY?) via the lowest anion state with 2 Y.+ symmetry, as predicted for both
Fy and Cl; by theoretical calculations [1-4]. In contrast, previous experimental stud-
fes indicated s-wave threshold behaviour [5]. With the aim to clarify the problem we
have measured, using the laser photoelectron attachment method [6, 7] and chlorine
molecules in a seeded supersonic beam, the energy dependence of the cross section
for dissociative electron attachment (DA; Cl- formation) over the range 0-195 meV
with an energy width of about 1 meV. Our data provide the first clear experimental
evidence for p-wave behaviour of a DA cross section near zero energy and are in
good overall agreement with the theoretical predictions (see Fig. 2: full line).

This work has been supported by the Deutsche Forschungsgemeinschaft and by the
Zentrum fiir Lasermesstechnik und Diagnostik (Universitat Kaiserslautern).
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EXCITATION OF THE nP — 5S,,; SERIES IN DENSE GA
VAPOUR VIA ENERGY-POOLING IONISATION

P. Bicchi and S. Barsanti

INFM and Department of Physics, University of Siena. Via Banchi di Sotto 55/57.
53100 SIENA, Italy

We have recently reported on the high efficiency of the Energy-Pooling lonisation
(EPI) mechanism in @ dense Ga vapour by measuring its cross section [1]. We have
anticipated that it may influence the population redistribution by way of direct
recombination in the low plasma produced. eventually followed by cascade transitions.
and we have already observed fluorescences arising from the 4D levels [2]. Here we
report on the presence in the fluorescence spectrum, of the nP — 38,5 series with
9 < n < 26, when Ga vapour inside a quartz cell at a temperature larger than 900°C. is
resonantly excited by low power laser pulses at 4034 nm corresponding to the
4P) 2 — 58,4 excitation. An example of the [luorescence spectrum with only the
strongest line is reproduced in figure . Analyses of the fluorescence intensities us
function of the laser power density. Pi. and of the 38,- level atomic density,
demonstrate the nlP’ levels to be populated via EPL. The effect of the presence inside the
cell of a few torr of buffer gas. which eliminates all the fluorescences for n = 12 due to
competitive effects such as the collisional population redistribution. will also be
discussed.
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Figure [: Portion of the fluorescence spectrum from Ga vapour inside a quartz cell
following resonant excitation at 403.4 nm. T = 1050°C. P| = 80 kW, cm”
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QUENCHING OF RADIATION TRAPPING IN A DENSE
Ga VAPOUR IN A QUARTZ CELL INDUCED BY
ATOM/SURFACE INTERACTION.

P. Bicchi” and S. Barsanti

INTM and Department of Physics, University of Siena. Via Banchi di Sotto 35/57.
53100 SIENA, Ttaly

When Ga vapour is kept in a quartz cell and its temperature is raised up to
LLOO°C. an unexpected behaviour of the radiation trapping is observed. In the first place
itis strongly reduced: it reaches a maximum around T — 1000°C, corresponding o an
atomic density = 107 em™. and at the highest temperature it is totally quenched so that
the effective lifetime of the first excited state of Ga (355} drops back to the natural
vialue (0.2 ns) as is shown in figure 1. This behaviour persists independently on whether
cells with or without buffer gas are used. whether different kind of buffer gas s used
and whether the resonant transition is saturated or not. In our experiment such
manifestation cannot be attributed to the “collisions of the second kind” nor o the
3-level scheme of the Ga system as was the case for In, We will show that this u nusual
behaviour 1s due, besides to the Energy-Pooling lonisation (EP1) effect. which we have
demonstrated 1o be very efficient in Ga vapour for T = 10009C [1], to the formation of
fluorescent centres inside the quartz lattice in the interaction between Ga atoms and the
fused silica structure. This interaction manifests when the temperature is raised above
900°C and is of great interest not only for fundamental physics but also for practical
applications as it could give rise 10 new active materials Tor lasers as well us to
applications in the realisation of optoelectronic devices.
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Figure 1: Effective lifetime (1) of the 58, - level of Ga versus lemperature in a quartz
cell with Ga + 10 torr Ne,
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Threshold Phenomena in Strong Laser - Atom Interactions

B. Borca,) A. V. Flegel,? M. V. Frolov,2 N. L. Manakov 2 and A. F. Starace!)

Y Department of Physics and Astronomy, The University of Nebraska, Lincoln,
NE 68588-0111, USA
%) Research and Education Center, Voronezh State University, 394693 Voronezh,
Russia

It is well-known in general multichannel scattering theory that interchannel cou-
plings cause particular, non-analytic behaviors (Threshold Anomalies, TAs) in the
cross sections of open channels at the opening (or closure) of a given channel as
the parameters of the problem are varied [1]. While the existence of TAs is a very
general phenomenon that follows from general analyticity arguments, the actual
magnitude of TA effects depends significantly on the dynamical details of a given
problem. We demonstrate that the influence of TAs (i.e., purely quantum effects)
changes significantly the general features of laser-atom processes in a nonperurba-
tive regime when the interactions of a bound electron with the atomic core and the
laser field have comparable magnitude, i. e., for intermediate values of the Keldysh
parameter, v ~ 1.

Our considerations are based on the exact solution of the complex quasienergy
problem for an electron in a short-range (d-model) potential subjected to a strong
monochromatic laser field. We present essentially exact results for the intensity de-
pendence of above-threshold ionization (ATI) and high harmonic generation (HHG)
rates, T and ™) in the plateau domain [2, 3]. Our analytic results for ATI and
HHG amplitudes reveal the expected branch-point singularities (which are typical
for a short-range potential [1]) at the ATI thresholds, and our numerical results
show that the closure of a lower order, ng-th, ATI channel with increasing intensity
affects drastically T™ and I(™) in a broad interval of n with n > n,. In agree-
ment with general theory, for moderate laser intensities TAs are most pronounced
at the closure of even-ng channels. All 4 types of TAs predicted for a short-range
potential near the thresholds of S-wave channels [1] can be found in the ATI and
HHG spectra. However, the most interesting are cusp features which lead to broad,
resonant-like enhancements of ATI [2] and HHG [3] rates in the plateau region. TAs
offer a clear theoretical explanation for enhancements of high-order ATT peaks that
have been seen in recent experiments for rare gases.

Partial support by RFBR Grant 00-02-17843 and NSE Grant PHY-0070980 is
acknowledged.
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INTERACTION OF ENERGY TUNABLE ELECTRONS

WITH ORGANIC COMPOUNDS IN THE GAS PHASE
N.A.Borisevich' S.M.Kazakov™, AV, Kukhta'", D.V.Murtazaliev’. D.V Ritchik'
Institute of Molecular and Atomic Physics. NAS of Belarus. Minsk, Belarus
“Chuvash State University, Cheboxary, Russia

Growing interest to the studies of interaction of electrons with organic
compounds is caused by their wide application in microelectronics, radiation chemistry,
biology. and medicine. Inelastic scattering of electrons with molecules is known to
result inexcitation of electronic states in a wide speetral range, and give the unigue
possibility ol direct population of optically forbidden states. Tn the gas phase at low
pressure the secondary collisions of electrons with molecules and effect of surrounding
are practically excluded. In this report the studies of electron energy loss spectra
(EELS). excitation functions, and fluorescence spectra for polyacenes, polyphenyls.
oxazoles and  oxadiazoles, indole. carbazole, dibenzofuran. dinaphthofuran, 8-
azasteroids, and organic europium complexes in the gas phase are presented.

A special electron spectrometer with full energy resolution of electron beam of
about 0.3 eV and tuned energies in the range of 0-200 eV was used for spectral and
fuminescent measurements of organic compounds in the gas phase. Monokinetic
clectron beam of 1.5 mm in diameter is formed by electron cun consisting of heated
oxide cathode and electron-optical system. The current of electren beam did not exceed
L0 puA. The organic vapour density in the collision cell was less than 107 Torr in order
to escape multiple collisions and secondary processes. Electrons seattered at an angle of
ninety degrees relatively to incident beam was registered by 1279 electrostatic Use-
Rozhanski analyzer and channel electron multiplier. The registered radiation was
detected in the direction perpendicularly to the electron beam propagation.

As opposite to optical absorption spectra. in EELS of all compounds under
study there is a band connected with singlet-triplet transition S¢-T, and for some
molecules the transitions mto higher triplet states are observed at low incident electron
energies, The cross section of these wansitions strongly depends on electron energy,
The singlet-singlet transitions in a range of 2-12 eV {up to Su-Ss) as well as into super
excited states are registered for different initial energies of exciting electrons, EELS of
polyphenyls are more similar to those of benzene than that of polyacenes. The addition
of heavy Br atom mto ligand of europium complex results in growth of a relative
intensity of singlet-triplet transitions. The essential change of fluorescence spectrum of
carbazole with incident electron energy was found. The excitation functions of
benzene. naphthalene and biphenyl have a pronounced structure. For more complex
molecules they are structureless. Using excitation functions the excitation thresholds
are determimed. The shortwave tluorescence band for pyrene was found to be formed
by direct S;—Sy transitions. The formation of excitation functions can be described by
the contribution of manifold singlet excited states.

For some compounds (1.4-bis[2-(5-phenyloxazolyl)]benzene and Eu-compiex)
the dependences of elastic and inelastic transitions cross sections on incident electron
energy are measured. These data are compared with those in Born approximation and
exact caleulations. The elastic scattering cross section value is in good agreement with
veometrical dimensions.

Kukhtatoimaph.bas-net.by
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ENERGETICS AND STRUCTURES OF SMALL
ALUMINUM CLUSTERS

Mustala Biﬁyiik:n;l‘ and Ziya B. Giiveng™

i - . . v . 5 " .
_ Departiment of Physics, Ercives University, 66100 Yozgat, Turkey
“Electronic and Communication Engineering. Cankaya University, 06330 Ankara, Turkey

Voter and Chen version of an Embedded Atom Maodel, parameterized by fitting to the
experimental data of both diatomic molecule and bulk aluminum simultuncously, has been
applied to study the locally stable structures. energies and growth patterns of small aluminum
clusters, Aly, in the size range of N=2-13. Using molecular dynamics and thermal quenching
simulations. the global minima and the other locully stable structures have been distmguished
from those statronary structures that correspond to saddle points of the potential energy surface.
Large number (10.000} of independent nitial configurations generated at high temperatures
were used to obtiin the number of isomers and the probabilities of sampling different basins of
altractions, for each size of the clusters. Their energy spectra have been analyvzed. Comparisons
have been made with the results of previous caleulations used electronic structure and empirical
potential methods. It has been found that the lowest energy structures are not always the most
probable isomers for each size at low temperatures.
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MOLECULE-SURFACE INTERACTION:
DISSOCIATIVE CHEMISORPTION OF A D,
MOLECULE ON RIGID LOW-INDEX Ni SURFACES

Mustafa Bovitkata' and Ziva B. Giiveng™

"Department of Physics, Erciyes University, 66100 Y ozgat, Turkey
“Electronic and Communication Cngineering. Cankaya University, 06530 Ankara, Turkey

Kinetics of the reactions of nickel surlaces with o deuterium molecule are
studied. Dissociative chemisorption probabilities of the D: molecule on the rigid
low-index Nig100), (110} and (111) surfaces have been computed by a quasi-classical
molecular dynamics computer simulation technique. The interaction between the Ds and
Ni atoms was modelled by an LEPS (London-Eyring-Polanyi-Sato) function (enerey
surface) [1]. This analysis includes the chemisorption probabilities as functions of the
relative translational energy of the D, The role ol the surface wopology was examined.
An indirect mechanism which involves tormation of molecular adsorption as precursor
for the dissociative adsorption in the low collision energy region ( less than 0.1 ¢V) is
observed. Results were discussed by comparing with the other similar theoretical and
experimental studies [2-3].
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REACTION DYNAMICS OF A Niyy WITH D;:
DEPENDENCE ON INITIAL ROVIBRATIONAL
STATES OF THE MOLECULE

Mustafa Boyiikata' . Ziva B. Giiveng™ | and Julius Jellinek”

"Department of Physics, Erciyes University, 66100 Yozgat, Turkey
“Department of Elect. and Comm. Eng.. Cankaya University, 06330 Ankara, Turkey
"Chemistry Division, Argonne National Laboratory, Argonne [L 60439, USA

In order to investigate the dependence of cluster reactivity on initial
rovibrational states of the molecule, the Nisy + D-(v.j) collision system has been studied
using guasiclassical molecular dynamics simulations. The clusters are described by an
Embedded Atom potential, whercas the interaction between the molecule and the cluster
is modeled by a LEPS (London-Eyring-Polanyi-Sato) potential energy function [1].
Reaction (dissociative adsorption) cross sections are computed as functions of the
collision eneruy for different initial rovibrational states of the molecule. Initial
vibrational excitation of the molecule increases the reaction rate more efficiently
compared to the initial rotational excitation. Thermal rate constants are also presented
and the results are compared with those of other studies available in the literature[2-3].

P

This work at Argonna was supported by the U.S. Department of Energy. Office
ol Basic Energy Sciences. Division of Chemical Sciences, Contract W-31-109-ENG-38
(1. Jellinek).
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CORE-EXCITED NEGATIVE ION RESONANCES IN

STRONTIUM

E.A. Breza. V.V. Vakula and A.A. Borovik*

[nstitute of Llectron Physics, Uzhgorod, 88000, Ukraine

The clectron impact excitation functions of the low-lying 4p™n [ nsbnsls-auto 10mzing
states (ALS) in strontium atoms have been measured in the ncar-threshold cnergy region.
The measurements were performed on apparatus described in details earlier [1]. The
exciation functions (EF) were obtained as the impact energy dependences of
normalized line intensities in the ejected-electron spectra measured at an observation
angle of 75" and at the incident electron beam energy spread of 0.15 eV. Taking into
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account the multichanne! decay of the atomic AIS in
strontium. only lines arising from the transitions to the
ground ionic state 4p”ss were used for obtaming the
functions, Figure 1 presents the EF for six lowest ALS
with the excitation thresholds at 20.98, 21.12. 21 .38,
21.62. 21.82 and 22.00 eV. Two teatures characterize
the measured lunctions: the sharp rise of the cross-
section just above the excitation threshold of the levels
and a “fine” structure g-g. Note that the latter has not
been observed in the carlier measurements [2]
performed with the (L3 eV energy resolution. Both
observed features manifest undoubtedly the presence of
the strong resonance processes in the 4p-excitation of
strontium. Similarly to the recent results on electron
impact excitation ol the outer p"-subshell in alkali
atoms [3.4]. one may suppose that the negative-ion
resonances are responsible for the presence of the
structure a-g. Features b, ¢ g are also present in the EF
ofthe low-lying AIS reflecting the population of these
states due to the muitichannel decay of the high-lying
negative- ion resonances {resonance cascades). Such
process has been observed earlier for lithium atoms[5].
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LASER-INDUCED EXCITATION AND IONIZATION
PROCESSES IN LASER ABLATION PLASMAS

Vietor Burakov and Mikalai Tarasenka*

institute of Molecular and Atomic Physics National Academy of Sciences of Belarus.
70 Scaryna Ave., 220072 Minsk, Belarus

The success of pulsed laser ablation for thin film deposition and nanopowder
synthesis has launched an effort to develop effettive methods for the manipulation of
laser ablated plume parameters. In the present paper laser-induced resonance ionization
of ablated atoms were studied in order to clarify a possibility of enhancement of relative
ionic content of the plume.

The Nd-YAG (1064 nm. 10 ns, 1-3 Jjenty laser radiation or its second harmonic
in combination with excimer XeCl (308 nm, 10 ns. | .I:cx'n:] laser rachation at different
temporal delays between pulses were employed for ablation. The laser beams were
focused on the surface of the aluminum sample placed in the chamber under vacuum or
gas (air. helium) environments. In another part of experiments the plume produced by
the first ablation pulse was probed by the radiation of the excimer XeCl laser and
clementary processes accompanying the interaction of the excimer XeCl laser pulses
with aluminum plume have been examined.

The plume parameters were controlled using laser-induced fluorescence (LIF)
and time-resolved oprical emission spectroscopy (OES). The plasma emission spectra
(300-700nm) were recorded and compared for different ablation regimes (single pulse
and double pulse in coincidence and in sequence at various delays between pulses and
laser fluences). The major species including neutral. ionized and some molecular
species were identified. The particulate within the plume were observed by using
Rayleigh scattering method.

The experiments demonstrated increased plasma emission. higher degree of
atomization and a higher proportion of ions in dual-pulse ablation regime compared to
the plasma produced by one laser, The optimal pulse separations were [ound both [or
atomic and ienic lines. The results of spectroscopic measurements were confirmed by
ion probe analysis of the ionic content in the plume. Probe measurements revealed a
strong enhancement ol photoelectron emission from the preliminary irradiated target
surface. The interpretation of results is based on the wavelength dependence of laser-
plasma (inverse bremsstrahlung absorption  and  photoionization) as well as laser-
surface Interaction processes.

The enhancement of ionizaton was also observed when the plume (not the
target) was irradiated by 308 nm XeCl laser pulses. Reluxation dynamics of the excited
atomic states of aluminum after action of the excimer XeCl laser radiation on the
Nd:YAG laser-ablated plume were found to be dependent on the distance from the
target, XeCl laser pulse delays and the ambient atmosphere pressure. The results
indicated that the resonant two-photon photoionization of’ the Al atoms was the most
prabable mechanisms for the formation of ions and excited aluminum atoms in the
decaying laser ablation plasma.
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MC simulation of swarm parameters in nitrogen
A.Cenian’ , A.Chernukho ", A Bogaerts”, R.Gijhels®

*Institute of Fluid-Flow Machinery. PASci.. 80-932 Gdansk, Fiszera 14: Poland,
“Department of Chemistry, U.LA.. Universiteitsplein 1, B-2610 Antwerp-Wilrijk, Belgium.

The tfundamentzl importance of nitrogen, both from theoretical and practical
point of view, has led Campbell er ¢/. (2001) [ 1] to revisit the problem of determination
of ntegral cross sections (CS) for that molecule. The derived integral CS for inelastic
collisions were incorporated mto a set of cross sections compiled by Ohmori et al]2].
An isotropic MC algorithm was applied in order to calculate transport parameters. Good
agreement with measured values was found. in contrast to the striking discrepancy with
the high-energy results of Phelps and Pitchford [3]. This is an important issue because
the CS [4] constitute the most popular CS set for nitrogen in the use today.

However. the calculations using Boltzmann equation in 2-term approximation
[5] did not confirm the large discrepancy for CS sets [ 1] and |4]. Further, it was found
that the conclusions of Campbell er al. (2001) regarding the usefulness of the cross
section set [4] for electron transport calculations are based on a misleading comparison.
The swarm purameters caleulated by Phelps and Pitchford [3] for a pulsed Townsend
experiment were related to the experimental [6.7] and the Monte Carlo simulation [ 1]
results for time-of-1light technique (TOF). Our simulations - using an isotropic MC
modeling of TOF experiments - confirm t‘l;c usefulness of CS set [4].
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ELASTIC ELECTRON SCATTERING FROM WATER AT
BACKWARD ANGLES

. Cho* and Y. 5. Park

Chungnam National University, Dagjeon 303-764 Korea

Absolute differential cross sections for elastic scattering of electrons [rom water vapor
have been measured tor electron energies between 4 and 50 eV and for scattering angles
between 10 and 180°, Previous results | 1-4] showed discrepancies and were limited to
the angles up to 163°,

The experimental system consists of a pair of hemispherical electrostatic analvsers for
the production, energy analysis and detection of scattered electrons. The energy
resolution for the present measurement was around 30 meV. The differential
measurements used the magnetic angle-changing technique of Read and Channing [3] at
backward angles. This technique has been successfully used in a recent application for
measuring differential cross sections of SF, [6].

These cross sections have been extrapolated in the forward direction to enable the

integral elastic cross section to be calculated.
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DOUBLE IONIZATION DIFFERENTIAL CROSS
SECTIONS OF H', He, Li” AND Be*"
BY ELECTRON IMPACT

R. Choubisa. G. Purohit, V. Patidar and K. K. Sud*

Department of Physics, College of Science Campus
M. L. Sukhadia University, Udaipur-313002

We present in this communication the results of our calculation of five-fold differential
cross section (FDCS) of (e, 3e) process on He like ions (I, He, Li' and Be™'). The
caleulation performed is in sunmed nutual angle and constant 65 modes in coplanar
geometry. The formalism has been developed in first Born approximation by using
plane waves. Sech and correlated BBK type wave functions respectively for incident
and scattered, bound and ejected electrons. The non-dipolar contribution to {¢. 3e)
process in sunnned mutual angle mode is found to play an important role for H™ and with
the increment of nuclear charge Z. its role gets weakened. The present study shows
“binary™ and “recoil™ peaks like distribution in consiant 6, mode and this distribution
is found to be very sensitive to post collision interaction (PCI) between the ejected
electrons and the charge Z of the He like fons. We also discuss the role of incident
electron energy and momentum transter on the ratio of the FDCS of the “binary™ and
“recoil” peaks and the effect of Z on it. We compare the results of present caleulation
with the available experimental data [1.2].
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Figure : The angular behaviour of the integrated FDCS (He atom) with mutual angle
8, between the ejected electrons in sunimed mutual angtle mode for (a)
Ei=E-=10 eV and (b) E,=E>=4 ¢V. Solid and dashed curves represent the
results of the present calculation using Sech wave function in full and
accessible angular range of the experiment [1].  The other kinematical
parameters are: £ =3300¢l and 8 =0.45 .
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A study of Th M-x-ray satellites and hypersatellites
excited by energetic O and Ne ions
M. Czarnola DL Banasg,! M. Breset.? D. Chimielewska.? J-CL Donsse.?

T ”(h/(i\\%]\:l Y- Maillard.? O, Mauron.? M. Pajek. ' M. Polasik.
. A Raboud? J. Rzadkicwicz ‘I\ Slabkowska” and Z. Sujkowski®

Mnsitute of Physics, Swictokrzvska Acadeniy, 25-500 Kiclee. Poland
“Plivsics Department, University of Friboury, CH-1700 Fribonrg, Switzerland
FSultan lustitute for Nuclear Studics, 05-400 Otwock-Swicrk. Polaid
Hwropean Synchrotron Radiation Facility (ESRI). F-38043. rance

"Faculty of Chemistry, Nicholas Copernicis University, 37-100 Tormi, Paland

The Xerays emitted from mnltiply ionized atoms exhibit pronounced satellite
structure veflocting the distribution of spectator vacaucies at the moment of x-rav
cmission. I the present study the satellite structure of M, (MsNg7) x-rav tran-
sition i Th excited by heavy jons, which corresponds to additional vacancios in the
N-and O shell. has beew weasured using high-resolition von Hamos spectronieter
(1] with energy resolution of about 1 eV, The measnrements were performed at the
Paul Scherrer Institute (PST) using O and Neb™ jon bheams of cnerev 376 MeV and
T8 MeV. respectively. delivered by the Philips evelotron. In these measurenients
clespite well resolved N-shell satellites we were able fo observe the structiee of M-
N-riw h'\']'u‘l‘w'ei'('llilif‘ fransitions corvesponding to one additional {spectator) hole in
the M-shell. The x-ray spectra measured for Ne jons show gencrally more prominent
satellite strncture, as comparing to O jons.

The measured x-ray spectra were compared with the multi-conliguration Divac-
Fock (MCDF) caleulations. accounting for the spectator vacaneies i the N- aud
NMeshells. The measuved spectra are in reasonable agreenient with predictions of the
MCDE calenlations, Nevertheless, the data evidence a clear necessity (o inelide
more complex multi-vacaney configimrations in theoretical caleulations in order to

obtain a hetter agreement. We note that owr earlier vesults concerning the mea-
sirenments of the satellice striucture of Th Lex-ravs exeited by energetic O ions were
reported elsewhere [2].

The relative mtensities of observed x-rav satellites vield an information on tlie
onization probabilities for the N-shells at the moment. of x-vay emission. These
data. after correction for the vacancy rearrangement. processes (raciative. Auger
ancl (super-) Coster-ISronig transitions), wore discussed in terms of available theo-
retical models of the mltiple lonization | I this coutext. both o pertirbative
semiclassical approximation (SCA) and a nonperturbative geometrical model™ (G
are discussed. Sneh an analysis provides a method of testing the NMeshell Torescence

and (super-1 Coster-Kronig vields for malri-varancy conligurations.
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INVESTIGATION OF KINETICS OF CHEMICAL
REACTIONS BY CAVITY RING-DOWN SPECTROSCOPY
A, Czyzewski, K. Ernst, G. Karasinski. H. Lange®, W, Skubiszak. T. Stacewicz

Institute of Exp. Physics. Warsaw University. ul. Hoza 69, 00 - 681 Warsaw. Poland
e-mail: adamo fuw.edu.pl
* Department of Chemistry. Warsaw University, L. Pasteura 1, 02-093 Warsaw. Poland

Cavity Ring — Down Spectroscopy method consists on light pulse trapping in an
optical resonator filled by investigated compound. The absorption coefficient is
determined by the cavity Q-factor. Here the application of this technique for kinetic
studies of a decay process of CH radicals formed during a HV pulse discharge in
methane is presented. The experimental setup is shown in fig. 1. The experiment was
done in the cavity composed of two
mirrors.  which  reflectivity  was
about 0998, The mirmrors were
attached to a quartz tube filled with
methane under the pressure of
270 Pa. where the pulsed discharae
took place. A pulsed dye laser

T working at 426 nm was used as a
light source. The output signal was
recorded by  means of a
photomultiplier and  a  digital
oscilloscope.

In Fig. 2 the dashed line represents the signal when no discharge was applied. It
is characterized by a decay constant of 7, = | us. Continues line describes the signal

with the presence of the discharge.
that starts at the time 7y, At this
i moment & decrease of the cavity Q —
factor is observed, due to production
of CH radicals. which absorb the
light.  Then, due o different
chemical  reactions, the  CH
concentration  decreases.  what
; causes increase of the cavity Q —
' e factor. After about 2 us. when CH
't 05 1.0 15 20 2.5 radicals” concentration is negligible.
time » e both lines became parallel. since the
cavity Q — factor is identical.
Analyzing the signal, the
evolution of CH radicals’ concentration Ney can be tound. In this w ay the rate constant
tor the CH destruction equal to: k=17 10-11 was found.

This work was supported by Polish Committee for Scientific Research. grant

number 2 PO 3B (03622
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QUENCHING OF “He(2'S, 2'P) AND *He (2'S, 2'P)
STATES BY COLLISIONS WITH Ne('S;) ATOMS

: . ; . .
E. Dimova' . K. Blagoev' and G. Petrov”

'Institute of Solid State Physics. Bulgarian Academy of Science, 72 Tzarigradsko
) Chaussee, 1784 Sofia
“Berkeley Scholars, Inc.. P.O. Box 852, Springfield, VA, 22151, USA

There are no data in the literature for the process of quenching of excited
He (2'S.2'Py aoms by interaction with Ne('S,) atoms while compare to interaction of
the "He(2'S. 2'P) atoms with Ne('Sy) atoms is well investigated. The excitation transler
from a metastable He(2'S) to neon atom is one of the main processes for the inversion
population in He-Ne laser. On the other hand, a significant role of ‘e isotope (used
instead "He) in He-Ne laser (A=6328 A) for the increasing of the laser gain with 20-50%
has been reported [1].

In the present work the quenching cross sections of *He (2'S, 2'P) and
“He (2'S. 2'P) atoms by Ne('Sy) atoms is reported.

A delay coincidence method is used for investigation of the Te excited states
quenching by Ne atoms. The mixture of He and Ne atoms is excited by pulse electron
beam. From the set of the decay curves of Nel 6328 A line one can determine the
effective lifetimes of He(2'P. E‘S) states at different Ne atoms concentration. The
corresponding cross sections could be obtained by extrapolation dependence of the
elfective lifetimes vs the Ne atoms concentration.

A detailed collisional-radiative model for an e-beam sustained discharge is
developed. The model incorporates the most important species and reactions relevant to
He-Ne mixture. The list of reactions includes about thirty points.

Our preliminary estimation about experimental gquenching cross section for
He (2'P.2'S) states by Ne('Sy) atoms are o,.,=0291£0601)*10"cm*  and

o, ={1.0320.04)* 10 em: tor "He2'P. 2'S) states a,, =(1.84£0.45)%10 " cnr®

and o, ={8.62£0.3)*10"cm* .
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STUDY OF ION SCATTERING AND SPUTTERING
PROCESSES AT GRAZING ION BOMBARDMENT OF
CRYSTAL SURFACES

ALAL Dylumkhulm
Arifov Institute ol Electronics. F Khodjaev Street 33, 700187 Tashkent, Uzbekistan

At enough small sliding angle of incidence the focalising influencing of surface
semichannels leads to the peculiar refocusing eftect of reflected particles and to some
peculiarities ol sputlering processes.

I present work the peculiarities of ion-solid interaction processes observed at grazing ion
bombardment have been considered. The refocusing effect of particles reflected from the
surface semichannels of single erystals have been investigated by both computer simulation
and analytical methads. The sputtering has been simulated in the primary knock-on regime.

The present code is based on the binary collision approximation by using Newton equation
tor construction of trajectories of colliding particles. Using an universal Ziegler-Biersuck-
Littmark potential for description of interactions between incident ion and targel atoms
the trajectories of incident ions in semichannels and channels along the <110=, <100=
directions of Cu(100) and GaP(100) surfaces were traced in several nearest to surface
atomic layers. Both elastic und inelastic encrgy losses are taken into account, The inelastic
energy losses are considered as local. Thermal vibrations of lattice atoms are considered
as randomise on Gauss distribution. Computer code described by Pascal allows observing
the dynamics of ion-solid interaction processes.

The caleulation results showed that in conditions of arazing incidence the incident ions
move in the surface semichannels and channels which are parallel to surface. The range of
these particles in the surface channels increases considerably due (o the channelling effect
and achieves hundreds of Angstroms, In this case the projectiles of primary beam transter
the small portions of their energy to a great number of atoms which torm channels. That is
why for this case the cascade mechanism of sputlering is not observed.

The spatial. angular and energy distributions of scattered and sputtered particles as well as
their yields versus the angle of incidence have been caleulated. In the cnergy specetra the
characteristic peaks corresponding to the scattering ot ions by the surface atomic chains
and semichannels are observed. The position and intensity of these peaks depend on the
geometrical shape of surface semichannels. There is a strong correlation between the shape
ofspatial distributions of reflected particles and the surface structure. Analyvtic expressions
tor caleulation of a refocusing enerey for different shapes of semichannels formed on the
surtaces of one and two-component single crystals have been obtained.

[t has been shown that the possibility of preferential sputtering of one components essentially
depends on the bombardment angle. At small glancing angles of incidence the preterential
sputtering of heavy component atoms is possible. It was shown that in the case of arazing
1on bombardment the layer-by-layer sputtering is possible and its optimum ure vbserved
within the small angle range of the glancing angles near the threshold sputtering angle.

The obtained results allow to select the optimum conditions for layer-by-laver sputtering,

Application of present code for investigation of diagnostics and modification of solid state
surface is discussed.

E-mail: dzhurakhaloviemail.ru
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Absolute photo-absorption cross sections and electronic state
spectroscopy of fluorinated selected hydrocarbons relevant to the
plasma processing industry

S Eden. P Limao Vieira and N ] Mason
Department of Physics and Astronomy. University College London
Gower Street. London WCI1E 6BT. United Kingdon

Silicon dry ctehing is traditionally performed using perfluora-compounds (PFCs). most importantly CHy.
C,F.. CFy. CHE. and ¢-CyFy. These species have very high globul warming potentials (GWP) as they
absorh strongly in the infrared and have long residence times in the Earth's armosphere. The current
generation of plasma reactars release d high proportion of unreacted eteh gas into the atmosphere. CCL-F,
is used in reactive ion etching (RIE) of GuSh as it can he readily dissociated to produce Cl and F etching
radicals, Tt has high GWP and is recognized as playing a significant role in stratospheric vzone depletion.

The plasma processing industry is commuitted 1o the replacement of these gases with compounds of low
GWP.

CF.l is one such alternative etch gas. Due ™ the weak C-1 bond, it should he possible to produce high
vields of the etching radical CFy in a plasma by direct elecron impact dissociation of the molecule.
Furthermore, by using a combination of CFil and C.F, in a reactor, polymerization and etching can be
independently controlled through the selective generation of CF: and CFx radicals, Due to their high
photolysis rates, both CFil and C.F, are expected to have short lifetimes in the armosphere und thus low
GWP. Quantitative data is needed to model the behaviour of CFil and C.Fy bath in the atmosphere and in
future industrial reactors.

High resolution photo-absorption spectra of CFiL [1]. C:Fs and CCLF, [2] have been measured in the
wavelength range 115 to 210nm (10.8 to 5.0eV). The absolute absorption cross sect
CCLF; are shown below, Differential cross sections for elastic and ine
electron impuct have been recorded for CF:L[3] and C.F, over a wide angular range using electron energy
loss spectroscopy (EELS), Further details will be presented at the conference.

tional values for
lastic scutiering by low-energy
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Tonization and fragmentation of small molecules in collisions
with slow highly charged ions
M. Ehrich*, B. Siegmann®. U. Werner! and H. Lebins?

MEakuldit fiir Physik, Universitit Bielefeld, 33615 Bielefeld, Germany
ZCIRIL, Rue C. Bloch, BP 5133 14070 Caen cedex 05, France

The ionization and fragmentation ot small molecules, as e.g. Ny and CHy. was studied
in collisions with slow highly charged ions utilizing a position- and time-sensitive multi-
particle detector [1] which allows the coincident detection of the momenta of correlated
fragment ions, I all fragments from a particular fragmentation are detected, a kinemat-
ically complete study of the molecular break-up process is possible and the dissociation
energy as well as the orientation of the target molecule relative to the projectile beam
can be derived for cach individual event. An additional position-sensitive delay-line de-
tector was used to determine the final projectile charge state. With this setup various
fragmentation processes can be analyzed for selected charge transfer processes. Three
different kinds of processes can be distinguished: target ionization and fragmentation
without charge transfer, target ionization and fragmentation with electron capture int
the projectile. and pure electron capture processes without free electrons. The observed
spectra show fundamental differences in the fragmentation dynamics of these processes
(Fig. 1.
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NEAR-THRESHOLD PHOTODETACHMENT
OF HEAVY ALKALI-METAL ATOMS
I 1. Fabrikant'*, C. Bahrim? A. A. Khuskivadze', and U. Thumm?

'Department of Physics and Astronomy, University of Nebraska, Lincoln, NE, USA
?Department of Physics, Kansas State University, Manhattan, KS, USA

Low-energy electron scattering by alkali-metal atoms is strongly affected by a 3P°
shape resonance. Its experimental observation is very difficult because of the limited
energy resolution in electron scattering experiments. Photodetachment (PD) studies
of corresponding negative ions might be advantageous in this regard. However, due
to the dipole selection rules, only the J = 1 component of the *P7 (J = 0,1,2)
triplet can be populated in PD experiments with a single photon. Moreover, since the
1S —3 P transition is forbidden in the LS coupling scheme, the process indicative of
the *7° resonance becomes very sensitive to the spin-orbit interaction, and the role
of the theory in interpretation of experimental data becomes especially important.

In the present work we calculate photodetachment of Rbh~, Cs™, and Fr~ using
the Pauli equation method. The Pauli equation is a weak relativistic limit of the
exact Dirac equation which includes the spin-dependent potential Vs added to the
non-relativistic, spin-independent Coulomb potential V. For a Coulomb potential,
V¢ contains a non-physical singularity 1/r* at r = 0, and the Pauli equation ap-
proach breaks down. Various regularization functions have been suggested to remove
this singularity [1]. Based on the exact analytic solution of the Dirac equation near
the nucleus, we formulate boundary conditions for solving the Pauli equation for
an electron interacting with an atom [1]. By integrating the Pauli equation using
an effective potential V,;; that is adjusted to reproduce scattering phase shifts pro-
vided by exact Dirac R-matrix calculations, we calculated total PD cross sections.
Our 3 P? resonance contribution to the PD cross section of Cs™ agrees (in position
and width) with recent experiments (2], after fine-tuning Viy;. For Rb™ and Fr~
the resonance contribution is much smaller than for Cs. We therefore also calculate
angle-differential cross sections and asymmetry parameters which are much more
sensitive to the resonant contribution than the total cross section.
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DISSOCIATIVE EXCITATION OF CARBON DISULFIDE
BY ELECTRON IMPACT

Jowita Gackowska, Alexander Snegursky' and Mariusz Zubek*

Department of Physics of Electronic Phenomena
Gdansk University of Technology, 80-952 Gdansk, Poland
‘Institute of Electron Physics, 82000 Uzhgorod, Ukraine

Excited atomic and molecular [ragments e.g. OH, SO, CS resulted from electron- and
photon-impact dissociative excitation of various molecular species play an important role
in the processes occuring in the planetary atmospheres, comets and artificizl plasmas.
Dissociation processes in carbon disulfide (CS;) have been investigated previously us-
ing different experimental methods which include discharge and afterglow studies [L — 3].
Present work deals with the measurements of emission spectra and excitation functions
due to the low-energy electron impact dissociation of the carbon disulfide which produces
excited CS (A'Il) fragment of the parent molecule. The measurements have been carried
out by an optical excitation method using an electron trochoidal spectrometer [4] with
the detection of the CS radical emission in the 240 — 280 nm wavelength region. Figure 1
presents fluorescence emission spectrum obtained at an incident electron energy of 15 eV.
The spectrum has been analyzed to resolve individual vibrational lines of the detected
AUl — X'B* system and to determine their relative intensities. The dissociative exci-
tation function measured in the electron energy range from threshold at 9.3 eV up to 30
eV indicates two dissociative processes with the second process developing above 20 eV.
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Figure 1: Fluorescence emission spectrum of CS; at an energy E; of 15 eV.
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EFFECTIVE SCHEMES OF THREE-PHOTON
IONIZATION OF SAMARIUM ATOM

Al Gomonai, V.A. Kelman® and O.1. Plekan
Institute of Electron Physics. 21 Universitetska Str.. Uzhgorod. 88000, Ukraine

While studyving three-photon ionization ol samarium atom in the speciral range
0=17000-18450 cm™ we have found a number of extremely intense maxima. A detailed
analysis has shown that all of them result from two-photon ionization of even bound
states and are observed exclusively in the vicinity of the Irequencies corresponding Lo
one-photon transitions from the same initial levels, as the two-photon transitions.

Fig. | shows a part of the measured spectrum. containing one ol such maxima. A
broad maximum {(w=18124.05 em™hy corresponds  to  the one-photon  Lransition
TFi—>4075d6s” "F° [17 while an intense maximum (o»=18122.05 em’™'y is caused by the
two-photon iransition = E=36536.7 em’ (J=1). A relatvely small Aw=2 em!
untuning  (bandwidth = 0.2 em™) between the frequencies of the one-photon and two-
photen transitions is responsible for the essential enhancement of the two-photon
transition at the expense of one-photon transition via the A075des” TFey state. Evidently,

S such enhancement is possible only in case the
A’ arb. un. i corresponding  transitions  (in our  case

TE1—="F° and 'F°a—E) being allowed by the
'\ selection rules. The elficiency of Sm atom
1 | ionization at the [requency s is about four
\ 1 orders of magnitude higher than the efficiency of
{ direct three-photon ionization. The maximal
‘, amplitude of the maximum is restricted by the
1 ion signal saturation effect. refated to the 100 %y
ionization of atoms in the mteraction volume.
| 1 The studies of the maximum behaviour
\l depending on the laser light intensity and on the
4 interaction volume have shown that without
saturation the elficiency of such process will

{1 efliciency by factor of 10"-10".
] Thus. the considered resonant process is
0 ; x___,...r-' ‘\.-' ¥ '\._I_ a relatively simple (using only one laser source)
18115 18120 18125 18130 highly elficient selective scheme of samarium
a. cm’ photoienization which can be successlully used
Fig.1. Three-photon for various applications.
ionization spectrum ol Sm aton.

1
1| increase the direct three-photon 1onization
i
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DESCRIPTION OF CORRELATION IN EXCITONIC
NEGATIVE ION IN Cu;0

M. Haysak', M. Nagv’, Y. Sidor”

'Institute of Electron Physics NASe of Ukraine. Uzhgorod
“linstitute of Physics of Slovakian ASe, Bratislava
“Uzhgorod National University, Uzhgorod

M.Lampert predicted the existence ol exciton negative ion in solid [1]. Variational
method is usually used to calculate the energy values for ground state of such three-particle
systems [2]. However this method has a known difficulty in classifying the quantum
excited states. On the other hand, the hyperspherical coordinates method (HCM) (see
review [3]) allows both to receive spectral characteristics and develop natural classification
ol'excited quantum states. which are combined in series.

In the present work, HCM is used to obtain the energies of ground states of exciton
negative ions for green and vellow Cu:O lines. Thus the field of HCM application 1s
expanded to the description of three-particle systems. The solulion of nonrelativistic
Schrodinger equation. which describes bound '“S-states, is reduced 1o that of two boundary
value problems. At the first stage the adiabatic potentials are found, which are the

cigenvalues of Hamiltonian that describes the angle motion of three-particle system on the
surface of a sphere in four-dimensional space and channel functions. which are also
cigenvalues for this operator. At the sccond stage the radial cquation is solved, which
desceribes the radial motion.

To find adiabatic potentials we expand channel function by K-harmonics. which are
cigenfunctions ol operator of ground angular momentum for the system of three particles.
The basis includes K-harmonics. which correspond to the ground angular number up to 20.

Radial equation is solved in Born-Oppenheimer and adiabatic approximations.
Adiabatic approximation accounts both adiabatic and nonadiabatic potentials [4]. The
ground term has only one bound state, the other are autodetaching ones converging o the
excitation thresholds of lower exciton levels, As Cu-0 has two effective masses of hole [2],
two types of negative ions and two series of autodetaching states are obtained differing in
their reduced masses (1=0.3895m,; 1e=0.3561m,). For example. for green Cu-Q line
energy value of the ground negative ion 'S-state on is equal to 157 meV, for yellow line -
109 meV. Our calculations are in good agreement with results in [2].

For more complete account of correlation it is necessary to apply two-dimensional
basis. which may be obtained by solving two-dimensional boundary problem [4].
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FRAGMENTATION COMPETING WITH ¥ NERGY RELAXATION
IN C AND N K-SHELL EXCITED CF;C=N

T Ibuki.'™ K. Okada.” S. Tanimoto,” K. Saito~ and T. Gejo

'Kyoto University of Fducation, Kyoto 612-8522, Japan
* Hiroshima University, Higashi-Hiroshima 739-8526. Japan

nstitute Tor Molecular Seience, Okazaki 444-8585, JTapan

Total photoabsorption cross sections of CFiCN were measured in the C{ s} and N(1s)
regions using synchrotron radintion at the Institute for Molecular Science. The mass
spectra in coincidence with total photoclectrons were observed by use of two types of
TOF-MS (time-of-flight mass spectrometer)y: One is o linear TOF-MS which makes it
possible to derive kinetic energies and anisotropy parameters of the fragment ions in
angle-resolved mass spectra [1]. The other is a reflectron type TOF-MS to achieve a
high mass resolution AZAM = 100 even for fragment ions with kinetic energy up to =10
eV, and gives information about site-specitic photofragmentation [2].

Kinetic enerey (KE) distribution of the CN™ fragment ion showed a maximum at any
excitation. However, KE distributions ol the CF;™ jon [ormed in the excitation of
teriminal N(1s) and the central Cy(ls) electrons showed two maxima with KE =0 and
=11 eV, while it had a maximum with KE =1.3 eV at the other terminal Cg(ls)
excitation where the Cy and Cr denote the atoms forming the C=N and CF; groups.
respectively, This is the first observation that the kinetic energy distribution of fragment
ion depends on the site of exciration. This observation is reasonably interpreted by the
consideration that the CF: group having vibrational modes acts as an internal energy
reservoir, This is consistent with other observations made in the reflectron TOF-MS: At
the terminal N(Is) excitation the large CF;  ion was the main preduct while in the
Ce(1s) region it was minor. In addition Fy" ion formed via excitation of bending mode
was much stronger at the N(Is) excitation than at Cr(1s). That is, intramolecular energy
at the N{1s) excitation flows toward CF; and is partly reserved as vibrational energy of’

the CI; group.
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POLARIZATION OF LYMAN-B RADIATION FROM
ATOMIC HYDROGEN EXCITED BY ELECTRON
IMPACT FROM NEAR-THRESHOLD TO 1000 eV

G. K James ', D. Dziczek °. J. A. Slevin ' and lgor Bray ™

" Jet Propulsion Laboratory, Californa Institute of Technology. Pasadena. CA 91109
“ Institute of Physics. Nicholas Copernicus University. Torun. Poland
" present address: 56 Waterloo Road. Dublin 4. Treland
! Physics and Energy Studies, Murdoch University. Perth, Western Australia 6150

The polarization of Lyman-[3 radiation. produced by electron impact excitation
ot atomic hydrogen. has been measured for the first time over the extended energy
range from near-threshold to 1000 eV, Measurements were obtained in a crossed-beams
experiment using a silica-reflection linear polarization analvzer in tandem with
a vacaum ulraviolet (VUV) monachromator to isolate the emitted line radiation. Our
data are in excellent agreement with convergent close coupling (CCCH caleulations over
the entire energy range. The data ave broadly similar to the carlier measurements of H
Lyman—o polarization reported from this laboratory.

This work is based upon activities carried out at the Jet Propulsion Lahoratory.
California Institute of Technology, and was supported by the National Science
Foundation under Agreement No. PHY-9722748, the Astrophysics and  Planetary
Atmospheres programs of the National Aeronawtics and Space Administration and by
the Air Force Office of Scientitic Research. Any opinions. findings. and conclusions or
recommendations expressed in this publication are those of the authors and do not
necessarily reflect the views of the National Science Foundation.
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Figure 1. Polarization of Lyman-B radiation from atomic hydrozen excited by electron
impact from near-threshold to 1000 V.
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Spectroscopic and surface analysis of the laser ablation
of crust on historic sandstone elements

Marta Jankowska ', Gerard Sliwinski
Polish Academy of Sciences, IF-I'M. Dept. of Photophysics and Laser Technique
Fiszera 14, PL 80-231 Gdansk

Pulsed laser ablation is applied for removal ol the encrustation on the historic
facade elements made of sandstone and results of measurements obtained by means of
the laser induced plasma spectroscopy (LIPS) and also microscopic surface analysis
(optical, SEM, XEDS) aimed on understanding of the underlying processes are
discussed. The reseurch is carried out for elements from the St John's Church in
Gdansk and the gotlandic sandstone under investigation represents a building material
which was widely used in the past.

Experimental data known for marble, limestone and alabaster confinm that laser
ablation applied for restoration purposes enables a controllable removal of the black
encrustation not causing a damage of the underlying substrate (stone) due to difference
in absorption |1]. From our previous work the operative range of parameters required
for removal of about 0.1 mm thick encrustation by means of the Nd:YAG laser (6 ns
pulsewidth. wavelength 1064 nm), ie. energy luence of 0.5 Jiem™ and dose
corresponding to about 15 pulses per irradiated spot for the water-moistened surtace is
derived, and the results are comparable with literature data known for similar materials
[2]. However, there is still a lack of the sandstone case studies allowing for the process
and materials diagnostic which motivates continuation ol this study.

In this work the LIPS spectra are recorded for successive ablation pulses and the
compounds of stone and crust such as Si(810,3; 819.6 nm), Ca(730,08 nm), Al(313.1;
670.4-686.0 nm) and K(766,5: 7669 nm), Na(589,7 nm) are identified, respectively.
The assignment of K and Na to surface degradation products is additionally confirmed
by the marked decrease of the respective peak intensities for subsequent pulses while
line intensities ascribed to the substrate remain constant.

The SEM images obtained for cross-sections of the sandstone samples close to the
surface reveal a tight crust coverage of about 100, um thickness composed of particles
characterised by irregular shape and dimensions up to 20 pm. In some locations the
quartz grains being the main sandstone component are visible. Their damage can be
observed at larger magnification in the form of cracks and crumbling of the grains
surface. Below of the crust layer the absence of natural cement close to the crust-
substrate interfuce is ascribed to prolonged interaction of the aggressive environmental
pollutions. For larger depths the inter-granular spaces are filled up with crust indicating
structure typical for non-deteriorated sandstone. Results of the qualitative elemental
analysis obtained by means of the XEDS technique are compared with spectroscopic
data and discussed.
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Complex Scattering Potential approach to calculations of
e-atom/molecule total ionization cross-sections

K. N. Joshipura', N. J Mason’, Minaxi V. Kumar® & B. K. Antony'

'Dept. of Physics, Sardar Patel University, Vallabh Vidyanagar, Gujarat, INDIA
“Dept. Of Physics & Astronomy, University-College London Gower Street London,
WCIE 6BT, UK
*V.P. & R. P. T. P. Science College, Vallabh Vidyanagar, Gujarat. INDIA

Election atom/molecule total interaction in the form of complex potential (Vi+ iV
describes inelastic processes in the presence of elastic scattering. The complex potential
generated  from  spherical  charge  density, accounts  for electronic  excitation  and
wonization of the target through the summed-total inelastic cross section (3, [1.2]. The
calculated cross section (i can be employed to extract ol jonization cross section
Qion at energies above the threshold (T), This is done by detining a quantity,

RE) = LilE) .

i CE )

We represent the ratio R as a continuous function of energy (£, >/) as follows,

VERE ] (1

In( U7) .
+
U U+ a

RGE )= L= C.’[ where, U :T’ (2)

These equations  define  our “Complex Scattering  Potential-ionization  contribution™
(CSP-ic)  approach.  Applications  of  this method to  molecules, radicals  and
dimmers/clusters will be presented in the Conference. Table 1 shows sample results.

Table 1
Q- CH,y SiHy G,
Target :
CSP-ic | Exp[3] | CSP-ic | Exp[4] | CSP-ic | Exp[5] | CSP-ic | Expl6]
Qin (A1 593 | 295 | 338 | 404 | 501 | 508 | 1385 | 1484
at 100eV
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Maximum Ionization Contribution to TCS of e — Atom /
Molecule Collisions; Dependence on /UT
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*V.P, and R.P, T P. Science College, Vallabh Vidvanagar — 388 120, INDIA
P. 8. Science Colleoe Kadi, 382 715, INDIA

lonization occupies an  important  status  among  the electron-stimulated  processes
observed with atomic and molecular targets. Caleulation of total ionization cross -
sections at a fundamental level is quite difficult even for hydrogen atoms. Several
theories with varying degrees of approximations are in vogue today in this regard. We
have recently developed CSP-ic [1]. In this approach total ionization cross sections Quon
are obtained from the inelastic cross sections Qiner. The details of caleulations are given
in [2.3]. The goal of the present work is to examine the dependence of the peak value of
the Qu.(A%) of a target atom / molecule on [, where o (a, ) , is the polarisability
/

and /(el). is the first ionization potential of the target [4]. This dependence will be
correlated to periodic properties of atoms, and the structure and bonding of selected
molecules. (See sample results given below).
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THE DESCRIPTION OF THE ENERGY SPECTRUM
OF NUCLEI IN THE ADIABATIC APPROACH

M.M. Kapustey, LV. Khimich, R.M. Plekan*, V.Y u. Pojda

Uzhgorod National University, Department of Nuclear Physics
Ya Kapitulna str., Uzhgorod. 88000, Ukraine

The inclusion of the one sort of nucleons paring in the nuclear theory which play
an important role in the formation of excited states of nuclei, and the angular and radial
nucleon correlations study lead to the necessity of a method (or calculating the
stationary nuclear states that exceeds (raditional one-particle  Hartree-Fock
approximations [1].

The hyperspherical adiabatic approach (HAA)} was suggested in papers [2] for
using for these purposes. which is yield from the framework of singlenucleon
approximation. Further development and application of this approach to the study
within the framework of an adiabatic multiparticle shell nucleus model of the energy
spectrum of nuclei is actual, A new model is based on the assumption on the
separability of the motion of the valence nucleons over fast motion on the angular
variables and adiabatic (slow) motion along the hyperradius £. A convenient notion of
the potential term ¢, (R) of nucleons is introduced. In the case of the » X nucleus with

two nucleons the nucleus deseription in HAA is performed in the collective variables
terms whose role is played by the hyperradius £ and the hyperangle @ and
conventional spherical angles 7 = {p .0}, i=1.2. The theoretical calculations presented
in rel. [3] are well correlated with the existing experimental data of ref. [4].

A theoretical description of the energy spectrum of the deformat nuclei has been
carried in ref. [5] out within the (ramework of the adiabatic three-particle shell model of
nucleus. In the present time the theoretical calculations of the energy spectrum of the
deformat nuclei such as Zn-64 and Se-74 are performing.
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THE SEMICLASSICAL ADIABATIC APPROACH
TO DOUBLY EXCITED WANNIER, STATES
OF TWO-ELECTRON ATOM

Anton Kiselvov, Inna Yurova®
Institute of Physics, University of St Petersburg, St Petersburg 198004, Russia

In Wannier states distances between each electron and the nucleus rq. 15 in two-
clectron atom are approximately equal to each other and opposite directed [1]. The
two-clectron wave function is expanded in a serics of Wigner D-functions D7
depending on the set of Euler angles Q) in order to separate rotations of atomic
frame :

V(T ra) Z PR + £ D (),
f\—rJ

.fi:— (I, (9 Qs }’1{5 n'h* \'n s.'(R

D¥Fc means symmetric and antisymmetric combination of D-funetions, R, . ay, arc
hyperspherical vartables, I = (L. IC, M) and v = (n.s, k) are sets of quantum num-
bers different from that by Herrick, Sinaniglu and Lin [1]. The coupled system can
be reduced to separate differential equations in the case of S- and P-states .

In case of Wannier states the adiabatic approach can be applied [2]. Tt is as-
sumed, that hyperspherical variables can be alligned in order of values of their time
derivatives as 6. oy, and R, the @ - the angle between 1, and rs - ¢can be considered
as the most "quick” variable, the hyperspherical radius R - as the slowest one. Sell
functions ®/= and 71 can be found in analytical form. The solution of the equation
relative to the R can be received in semiclassical approximation. The encrgy levels
have been found from the numerical caleulation of the Bohr-Sommerfield integral
on the variable R.

The quantim defect formula for the energy of Wanier states depending on quan-
tum numbers n, s, & has been developed.

The svmmetry properties of the wave function have heen considered, for example,
even values of the quantum number s correspond to singlet states, odd values of ¢
- to triplet ones.

The special atomic [rame has been proposed. in this frame one can restrict the
number of coupled equations, to define the exact quantum number above the number
of M. and to apply the the present approach to the Stark effect for Wanier states.
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Lifetimes of the k*TT * state in H, and D,
Experiment and Theory

T Kiyoshima and S Sato
Laboratory of Physics, Nippon Institute of Technology, Miyashiro-Machi, Saitama 345,
Japan

A.V.Stolyarov and E.A Pazyuk
Department of Chemistry, Moscow State University, Moscow, 119899, Russia

The negative parity component of the 1s4p K’I1, state in a molecular hydrogen is an
unique state because strong light emission from its rovibronic levels above the first
lonization and the second dissociation limit can yet be observed. This suggests that the
non-adiabatic interactions of this state with the autoionization (Al) and predissociation
(PD) continua are rather weak and their decay rates are comparable with the radiative
decay(RD) rate. On the other hand, the light emission from the k’I1 " levels above the
second dissociation limit is entirely eliminated due to strong PD effect by the other
triplet plus state. In this work we investigated the competitive process among Al, PD
and RD in the K’I1, state both by experimental and theoretical methods.

We present systematic lifetime measurements for H, and D, ¥’I1, rovibronic levels
over a wide range of the vibrational quantum numbers v beyond the dissociation and
ionization limit and for some rotational quantum numbers N. We also present
dependence of lifetimes on N for H, k’T1," t=0 level. Lifetimes were measured for
radiative transition lines k’Hu:(U,N‘)—'fEB*(v",N‘) by a delayed coincidence method
combined with direct electron impact excitation from the ground state of molecules and
single photon counting technique’. The experimental results for H, and D,

K’TI, levels were overall consistent with the present theoretical results based on a
precise quantum-defect calculations™ of the rovibronic term values as well as RD, PD
and Al decay rates for H, and D, isotopes.

The non-adiabatic Al rate was proved to be important for H, k*TI," v=4 vibrational
levels, while PD rate was found to be very small compared with RD rate for both H, and
D;isotopes. The lifetimes of k’I1," =0 level showed strong ¥ dependence.

(1) TKiyoshima, S.Sato, S.0O.Adamson, E A Pazyuk, and A.V.Stolyarov, Phys. Rev. A
60, 4494(1999)

(2) 5.0.Adamson, E.A.Pazyuk, N.E Kuz'menko, A.V.Stolyarov and T.Kiyoshima, Phys.
Rev. A 61, 052501(2000)

(3) E. A. Pazyuk, V. I. Pupyshev and A. V. Stolyarov and T. Kiyoshima, J. Chem. Phys.
116, 6618(2002).
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Decay of vibrational breathing modes in Hy

Holger Kreckell®, Sven Krohn', Lutz Lammich!, Michael Lange!
D. Scliwalm?, D. Strasser?, A. Wolf!, D. Zajfman®

W ax-Planck-Institut fiir Kernphysik, D-69029 Heidelberg, Germany
T\Weizmann Institute of Science, Rehovot, 76100, Israel

The triatomic hydrogen positive ion Hi finds much attention as a benchmark
system for the treatment of polyatomic ions in general. Also, it plays a central role
in the chemistry of interstellar clouds by driving protonization reactions which lead
ter the formation of many more complex molecules. Several properties of Hi are still
not well studied experimentally, in particular the dissociative recombination with
low energy electrons is still a controversial issue, and absolute internal relaxation
rates have not vet heen measured.

Using beam storage techniques and Coulomb explosion imaging we have stud-
ied the breathing mode vibrational relaxation by direct measurements of the Hi
molecular geometries as a function of the storage time. The molecular ions were
accelerated to ~0.5 MeV/amu from a standard ion source and injected into the ion
storage ring TSR. Since the formation of Hy is exothermic by 1.7 ¢V the ions reach
the storage ring with a broad spectrum of internal excitations. The observed relax-
ation rates for the lowest breathing excited levels were of the order of theoretical
prediction, but vet cousiderably shorter. For comparison with theory it proved to
be necessary to include rotational excitations, which have substantial influence on
the vibrational lifetimes. We have used the theoretical transition probabilities of
the UCL line list for Hy [L. Neale, S. Miller and J. Tennyson, Astrophys. J. 464,
516 (1996)] to develop a model for the rovibrational decay. The model shows good
qualitative agrecement with the experimental data and gives further hints for very
long-lived highly excited rotational states in accordance with recent DR imaging
measurements at the TSR, (see L. Lammich et al., this conf.).

Funded by DIP (BMBF) and EU (RTN “Electron transfer reactions™).
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EXPERIMENTAL ELECTRON-SCATTERING
TOTAL CROSS SECTION FOR C,Hs MOLECULE
stanistaw Kwitnewski* and Czestaw Sznntkowski

Atomic Physies Division
Department of Atomic Physics and Luminescence
Faculty of Applied Physics and Mathematics
Gdanisk University of Technology. §0-952 Gdansk, Poland

Abgolute electron-geattor ing total cross section for 1.3-butadiene. isomer of C4Hsg,
has been measured over the impact energy range from 0.5 to 370 ¢V by means of
electron-beam transmission apparatus [l] under single collisional conditions. Pre-
Iminary results of measurements are presented in Fig.l. The obtained total cross
section exhibits two distinet resonant-like maxima located at about 0. 9, 3.2 ¢V and
a very broad enhancement contred at 8.5 ¢V,

Total cross section [10 "’}

Electron energy [2V]

Figure 1: Total electron-scattering cross section for 1,3-butadiene (C4Hg). The error
bars at selected points represent the overall (statistical Plus systoamatic) experimental
uncertainties.
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FLUORINATION EFFECT IN ELECTRON SCATTERING
Stanistaw Kwitnewski® and Czestaw Szmytkowslkd

Atomic Physics Division
Department of Atomic Physics and Luminescence
Faculty of Applied Plysics and Mathematics
Gdansk University of Technology, 80-952 Gdansk, Poland

We report the absolute total electron-scatering cross-sections {TCSs) deterniined
in transmission attenuation experiments [L] for some hydrogenated (CyHg, CyHyg)
and perfluorinated (CaFg) molecules, over the energy range from 0.5 to 370 eV,
Figure | presents our results along with C3Fg data of Tanaka {2] for the comparison.
There are substantial differences in the shape and magnitude of TCS energy funetion
for hyvdrocarbons and their perfluorinated counterparts. In particular, TCSs for
perfluorides exhibit a very broad maximum between 20 and 80 oV,
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Figure 1: Comparison of electron-scattering total cross sccetions for propene, hex-
afluoropropene, prepane and hexafluoropropane: (¥), CyHg; (V). CsFe: (), CyHg;
(o), CyFg [2].
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BREAKUP DYNAMICS IN THE DISSOCIATIVE
RECOMBINATION OF Hi AND ITS ISOTOPOMERS

L. Lammich'*, H. Kreckel!, S. Krohn', M. Lange!, D. Schwalm!,
D. Strasser?, A. Wall' and D. Zajfiman?

! Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany
? Weizmann Institute of Science, Rehovor. Israel

The dissociative recombination (DR) of the triatomic hydrogen molecular ion
in the vibrational ground state with zero-energy elecrrons leads to two different
final channels, one being the breakup into one hydrogen atom and a (possibly rovi-
brational excited) hydrogen maolecule, the other being the breakup into three single
hydrogen atoms. All emerging fragments are in their electronical ground state. This
process is of large interest for interstellar ion chemistry and under intense experi-
mental and theoretical study as a benchmark case for clementary reactions in small
molecules.

The distributions of fragmentation momentum geometries and the vibrational
excitation of Hy and D, products were measured for Hy [1] and Dy, stored as a
fast heam in an ion storage ring (TSR, Heidelberg). The storage allows radiative
relaxation of the molecules during up to 80s before the electron interaction.

Another interesting result is the finding of an excess energy of several hundred
meV in the total energy release of the three-body breakup (cf. Fig.1). This was
attributed to a very long lived rotational excitation of the Hj ion, which could have
strong implications on measurements of its DR rate coefficient in storage rings. Ad-
ditional experiments performed on D and DyH* allow a comparison of the different
isotopomers.
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UNRESOLVED FINE STRUCTURE OF HYDROGEN
BALMER LINES AND TOTAL EMISSION CROSS
SECTIONS IN BEAM AND PLASMA EXPERIMENTS.

Boris P. Lavrov and Andrei V. Pipa.
Institute of Physics. St.-Petersburg State University, 198904 Russia

Spectral lines ol Balmer series of atomic hydrogen (H,, . Hy. H,...) are known to have
extremely narow multiplet structure, This fine  structure is usually  unresolved  being
masked by the instrumental. Doppler and'or Stark broadenings. and the total intensities
of Balmer lines have to be measured. These intensities are widely used for plasma
diagnostics and for determination of so-called emission cross sections in experiments
with electron beams. but the existence of the fine structure is ignored without any
argumentation (see bibl. in [1]). The aim of present contribution is to show that the
ignorance may lead to significant mistakes in both: (i) the studies of the cross sections
for dircet  (clecrron-atom) and  dissociative  (electron-molecule)  clectron-impact
excitation processes; (i) the spectroscopic diagnostics of ionized gases and plasmas.

The possibility of a correct account of the fine structure of Balmer lines was shown
within - simplest  excitation-deactivation  model  (electron-impact  excitation  and
spontaneous emission decay) for two simple limit cases: the case [ — when collisional
redistribution  of population density among the fine stucture »/ sublevels may be
neglected (The situation may be reached in gas-beam and crossed beams experiments);
and /he case 2— when due to efficient mixing collisions. the 2/ sublevels are populated
according to Boltzmann Law. being muainly proportional to their degeneracies (The
situation is typical for gaseous discharge plasmas). In both cases the rotal emission
cross sections (and corresponding rate coeflicients) may be ntroduced and related to the
partial excitation cross sections, spontaneous emission transition probabilities and the
lifttimes of 11/ sublevels,

Quantitative analysis based on all available experimental and calculated data on the
direct and dissociative electror- impact excitation of atomic hydrogen [1] show that:

(1) There is significant difference between the emission cross sections (as well as
between the rate coefficients for Maxwellian electron energy distribution) of electron-
impact excitation of the H, and Hg lines calculated for those two limit cases (e.g. the
difference exceeds an order of magnitude for dissociative excitation of the Hy line),
Thus. the data on the total emission cross sections measured in beam experiments can’t
be used in plasma spectroscopy, where collisional redistribution of population density
among n/-sublevels is significant.

(ii) To be able to obtain the emission cross sections and the rate coefficients tor the
case 2 one has to know the partial excitation cross sections of n/ sublevels,

(i) Nowadays, from the first four Balmer lines (relatively easily detectable) only first
two lines, ie., H, and Hp, may be actually used in plasma spectroscopy due to the
absence of data on the partial excitation cross sections of n/-sublevels with 74,
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Electron Impact Excitation of Atoms and Molecules and
Spectroscopic Determination of the Dissociation Degree of
Hydrogen in Non-Equilibrium Plasmas.

Boris P. Lavrov' . Andrei V. Pipa'* and Jiirgen Rapeke

1. Institute of Physics, St.-Petersbury State University. 198904 Russia
2. Institute of Low-Temperature Plasma Physics, Greifswald. 17489 Germany

The dissociation degree of hydogen s one of the most important parameters of
hydrogen-containing  plasma  especially in  relation 1o surface and  volume plasma
chemisty. In nomequilibrium gas discharge plasmas a calculation of the dissociation
degree is too complicated and unreliable. Therefore. several experimental methods were
proposed and used [1-5]. They are based on measurements of absolute [1] and relative
[2-3] intensities of atomic (Balmer lines) [1-3] and molecular (Fulcher-o. band system)
(2-5] emissions. Tn a wide range of plasma conditions hydrogen atoms and molecules
are excited mainly by clectron impact, the atomic excited states being populated in
electrop-atom (direct  excitation)  and  electron-molecule  (dissociative  excitation)
collisions. Then, the intensities are proportional to the densities of atoms ([H]) and
molecules ([H:]). and their ratio [H}[H-] (connected with the dissociation degree) could
be obtained. The excitation rates depend also on the shape of electron cnergy
distibution (EED) and electiron concentration, so methods [1-2] include Langmuir
probe measurements. which cannot be used in most plasma sources. This problem may
be overcome by introduction of the electron temperature T - artificial magnitude having
the sense of a parameter of” Maxwellian approximation of real FED in the vicinity of an
excitation threshold [3-5]. Every measured ratio of the intensities may be related to a
line on the plain T.[I1]/[H:]. The intersections of more than two of such lines would
give the opportanity to obtain [H}[Ha] and to verify an applicability of the method in
certain plasma conditions.

The goal of the present report is to show that insufficient knowledge of cross
sections for electron-impact excitation of atomic and molecular hydrogen is now “the
bottle-neck™ in development of pure spectroscopic (nom-invasive, remote and in sit)
methods of determining the dissociation degree. The cuent situation in experimental
and ab initio studies of the electron-impact cross sections is presented and analvzed.
Quantitative analysis of the intensity ratios measured in low-pressure microwave and
are discharges is discussed. It is shown that the considered problem of Plasma
Spectroscopy needs help trom Collision Physics by obtaining the electron-impact cross
sections via: (i) CCC caleulations of the direet excitation of the n/- fine structure
sublevels of the hydrogen atom for #>4; (i) more detailed experimental studics of the
dissociative excitation of the w/- sublevels for »>2 and of the direct excitation of
separate electronic-vibro-rotational spectral lines of other than Fulcher-¢ band systems
ot H» molecule.

[5] A. Pipa et gf., ECAMP VII, Berlin (2001) 169.
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PARTIAL AMPLITUDES AND ZERO-RANGE POTENTIALS
IN MULTI-CHANNEL SCATTERING
Sersev Leble. ' Sergev Yalonin

U Gdansk University of Teelmology, ul, Narutowicza 11712, Gdansk. Poland
B oot Ay @ e 0% G
= Kaliningrad State University, AL Nevsky st 1L Kal Lindngrad, Rissia

A mnlti-center-multi-cliannel seattering prohlen is stndied from o point of view
ol integral cqnations system that appears while one-particle wave funetion equation
of the cleetron under action of o nmlti-conter potential with uot-intersceting ranges
is cousilered. Spherical Bessel funetions basis expansion of the potentials introduces
partial lamplitudes and radial funetions g (). The idea of the genceralized partial
putentials (the elass contain distributions) way be understood via integral equation
with the asvinptotical beliavior of solutions at infinity that fit o scattering probleim
ool
e ] 2/.-/ G Yt ey YU (e e, (1)
AN
Where A is a wavemunber. fiy(2) = ny(z) + () and f( ). np(z) ave the spherieal
funetions. Tlhe upper limit in the integral is the potential ragee. Tor the gencralized
zevo-range potentinls (GZRP) we develop [2]. introducing,
Uy = Adlr — Uy (2P

il

P (2)

S P.Q - some integers. that are defined by singniarities of np and jp. aned Lience define
the class of the GZRP. 6(r — 0) - Dirac function on {16 o). Taking ito aceon
the zero-range chiavacter of the potential we snbstitnte (2) (1) aud acconut e

asviuptotic of the spherical functions that vields y(e) = (L4 0 lha) 4 Coglhr).
’t‘.f-l--l vl . B 7.
Clas BA_1 / S(r — O DF (120, () dr- (3)
(204 1)1 o )

The condition of the ¢ < se fix the class of the integers S, 72 ¢, The asviptotical
hehavior at r— ¢ give partial scattering amplitides f,-(l«‘)A
The approach is generalized to mnitl center {with 4 — A, v — 1;) and wmulti-

chamel case by o matrix formmlation [1] (see also [3]) in which o state veetor com-

ponents associated with scattering channels. The zero-range potentials natnrally
cnter the scliemme while the elass potentials ax operators of nltiplication is widen
to distributions. The class natnrally containg superpositions of the potentinls (23,
Analog of nmltipolar expansion is treated siiilar to [2]0 Spin variables. oscillations
and rorations are wcorporated into the sehome as in 3],
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ATOMIC FLUORESCENCE AFTER THE NEUTRAL
DISSOCIATION OF THE RYDBERG STATES OF DIATOMIC
MOLECULES AS A TOOL FOR INVESTIGATING THE
DISSOCIATION PROCESSES IN MOLECULAR IONS.

H.Liehel'. A‘l“ilu‘emmnm‘. I*l.ﬁSChmur‘:umcrl.
Ph.V Demekhin'*". B.M.Lagutin®, V.L.Sukhorukov*

' Fachbereich Physik, Universitit Kaiserslautern, D-67653, Kaiserslautern. Germany
“Rostov State University of Transport Communications, 344038, Rostov-on-Don. Russia

Recently [1-3] photon-induced fluorescence spectroscopy has been applied to
study the neutral photodissociation of the oxygen molecule. It was found that during
dissociation of the superexcited s 2.7 (e 20 pan(d/s)c. molecular states  the
molecular Rydberg n(d/s)og-electron is captured by one oxygen atom forming the
0 2p*(*S) nd’s excited atomic Rydberg states and leaving the other atom mostly in the
2p°('D) state. There exists another deexcitation path: autoionization of molecular
Rydberg states into different continua. These two deexcitation channels compete with
each other. In the case of autoionization, Rydberg states manifest themselves only in
photoabsorption spectra of molecules. In contrast, fluorescence from O2p'(*S) nd's
excited atomic Rydberg states is a result of neutral dissociation. Here the Rydberg
electron plays a role of "inner probe” allowing one to compare the predissociation and
autoionization lifetimes. Therefore the joint analysis of atomic fluorescence emission
cross scctions together with the absorption cross scction of molecules provides
information on the dissociation and Auger rates and can be a powerful tool to study the
dissociation processes in molecules.

In the present work. to interpret the results of our measurements of atomic
Tuorescence emission cross sections of oxygen following the neutral dissociation of
molecular Rydberg states converging to the 26, (¢ *5,7) threshaold [2,3], we performed
extensive calculations of potential curves of molecular oxygen. The calculations were
performed using the Multi-Reference Configuration-Interaction method and vield
accurate potential curves for all spectroscopically observed O-7 states. The obtained
potential curves were used then to caleulate predissociation lifetimes. Comparing the
latter with the autoionization litetimes allows us to explain the main features in the
observed fluorescence emission cross sections.

Ph.V.D. would like to acknowledge support by the Alexander von Humboldt foundation.
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Electron and photon induced processes in SFsCF3
P Limdo Vieira®. P A Kendall, S Eden and N ] Mason
Department of Physics and Astronomy, University College London
Gower Street, London WCIE 6BT, United Kingdom

Concern for the effects of climate change has grown during the last years and
many of these arise from the constant emission ol pollutants. The major contributions
are strong greenhouse gases compounds such as CO., CHy and N:2O. The recent
International Panel for Climate Change (IPPC) report forecasts that mean global
temperatures may rise by as much as 5.8°C by the end of the century [1]. However there
are number of gases when although present in much smaller quantities have a
significant contribution t global warming due to their large infrared absorptions.

A newly discovered totally anthropogenic origin molecule is trifluoromethyl
sulphur pentafluoride (SFsCFz). It possesses the largest radiative forcing on a per
molecule basis of all gases present in the atmosphere. 0.57 Wm~pph . according to a
recent report [2]. Moreover, the levels in the atmosphere for this molecule are currently
small, but growing at a 6% per year rate.

In order to understand and study the molecular spectroscopy and electron
induced processes for this molecule, and determine the lifetime and global warming
potential in Earth’s atmosphere, we have used the electron energy loss spectroscopy
technique to study the molecule in the UV/VUV region [3]. high-resolution infra-red
spectroscopy. and recently we measured a VUV photo-absorption cross section at the
ASTRID synchrowon radiation facility, Aarhus, Denmark.

A photoelectron spectra has also been measured at the University of Licge,
Belgium. Further details will be presented at the meeting.
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OBSERVATION OF ELECTRON IMPACT EXCITATION
OF OXYGEN AT 180°

Ireneusz Linert! *, George C. King' and Mariusz Zubek?

i Department of Physics of Electronic Phenomena,
Gdansk University of Technology, 80-952 Gdansk, Poland
tDepartment of Physics and Astronomy, Schuster Laboratory,
Manchester University, Manchester M13 9PL, UK

Electron impact excitation of oxygen (Og) has been observed at scattering angles of
90° and 180° in the energy loss mode. In this experiment a new conical coil system that
is a further development of the magnetic angle-changing technique [1 — 3] has been in-
corporated into an electron hemispherical spectrometer. Conical shaped solenoids enable
cancellation of the dipole and octupole magnetic moments of the system and therefore
high localization of the magnetic field (which decreases with distance as r~7). In addition
they give efficient pumping of the target gas from the electron scattering region. Figure 1
shows energy loss spectra recorded at an incident electron energy of 10.4 eV, Excitation
of two states, the a'A, and b7 are seen in the spectra, along with excitation of vibra-
tional levels of the XSE; ground state. The bizg state, which observed at 90°, was not
detected at 180° in agreement with theoretical prediction of the £~ — T+ selection rule
[4]. The intensity ratio of the a'A, peaks at 90° and 180° differs from that predicted by
theoretical calculations presented in (6]. However, the relative intensities of the energy
loss peaks of a'A, and b T} states at 90° are consistent with the previous measurements

of [6].
ia = X’z 0, ]
8l .
1000} / -
£ mo
z
E“’“’ /\\ _
P S )
0.4 0.8 08 1,0 1,2 1.4 1.8 1.8 2,0

Electron energy loss (V)

Figure 1: Energy loss spectra of oxygen observed at an incident electron energy

of 10.4 eV and at the scattering angles of 90° and 180°,
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DIFFERENTIAL CROSS SECTIONS FOR POSITRON
IMPACT EXCITATION OF HYDROGEN

L. Lugosil”, B. Paripas® and K. T6kési'

! Tnstitute of Nuclear Research of the Hungarian Academy of Sciences
(ATOMKI), H-4001 Debrecen, PO Box 51, Hungary, 2 Department of Physics,
University of Miskole, 3515 Miskolc-Egyetemvaros, Hungary

We present theoretical calculations for excitation of hydrogen atom by positron
impact. In our recent work we use a distorted wave polarized orbital (DWPO) model
and the classical trajectory Monte Carlo (CTMC) method to calculate the angular
differential and total excitation cross sections for positron impact induced 1s-2s
transitions in hydrogen (Fig. 1).
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Figure 1. Differential cross sections for positron impact excitation of the 2s state of

hydrogen at 50, 100 and 200 eV bombardment energies. DWB2 [1,MCC [2], CCOM (3].

In this work the cross section data obtained by various models are compared and
the differences between the calculations are discussed.
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Relativistic and Nondipole Effects in Two-Photon
Ionization of H-like Ions by VUV Photons

N. L. Manakov, §. I. Marmo, A. V. Meremianin and S. Yu. Vjazovetskov

Research and Education Center, Voronezh State Univ., 594693 Voronezh, Russia

The use in recent experiments of short, high-frequency (VUV) laser pulses pro-
duced by the high-order harmonic generation of fundamental laser beams in gases
and test operation of intense free-electron lasers (HASYLAB at DESY, Hamburg)
with photons of energies in excess of 200 eV stimulate the analysis of relativistic and
nondipole effects in multiphoton laser-atom interactions. We present such analysis
for the two-photon ionization of high-Z hydrogen-like ions with exact account for
relativistic effects (using the Dirac equation for description of an electron in a point-
like Coulomb field) and employving the full multipole expansion for the photon vector
potential in electron-photon interaction, which we take into account perturbatively,
in the second-order perturbation theory. To analyze the relativistic and nondipole
corrections (o the Elliptic Dichroism (ED) effect in the angular distribution (AD) of
photoelectrons (i.e., the dependence of the differential cross section on the helicity
of a photon beam, which vanishes for the case of completely circularly-polarized
photons), we consider the general case of elliptically-polarized photons.

The separation of kinematical and dynamical factors in the AD is performed
using an effective angular technique based on the reduction formulas for bipolar
harmonics and multipole expansions of irreducible tensor sets [1]. As a result, the
polarization-angular factors in the differential cross section of two-photon ionization
from an arbitrary |njlm)-state of the H-atom are expressed in an invariant form
involving only scalar products of photon polarization vectors with the electron mo-
mentum p and Legendre polynomials of the angle between p and the direction of
photon beam. Dvnamical factors involve second-order matrix elements of the radial
part of relativistic Coulomb Green function (RCGF). In calculations of these ma-
trix elements we use a generalized Sturmian expansion of RCGF with two arbitrary
parameters a and &' [2]. An appropriate choice of these parameters provides a good
convergence of Sturmian expansions over a wide range of photon frequencies. The
results of numerical calculations will be presented for the total and differential rates
of two-photon ionization from the ground state of a H-like ion with different 7 as
well as for the magnitude of ED parameters in the AD.

Partial support by RFBR Grant 00-02-17843 is acknowledged.

[1]. N.L. Manakov, S.I. Marmo and A.V. Meremianin, Journ. of Phys. B, 29,
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[2]. N.L. Manakov, A. Maquet, $.1. Marmo, C. Szymanowski, Phys. Lett. A,
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Influence of the Laserbandwidth on the Excitation
Probability in a Two-Level System

S. Meavienfeld!. Y. Pashavan'?. H. Hotop!,
N. V. Vitanovt?, B W, Shore! and K. Bergiann?

U Fachbercich Physik, Universitat Kaiserstoutorn, 67653 KNaiscrsloutern., Crernanny
2 Institute for Physical Rescareh, NAS of Arnenie. Ashtoval-z2. 3784 10 Avinenia
Y Bep.of Physics, Sofia University. James Beoucher 5 blod.. 1126 Sofia. Dilyariu

L conneetion with planned collision experiments involving vibrationally exeited
wolecules. we address the problom of optimal excitation of moleenlos in a colli-
mated molecular bean by a colwrent infrarved light source with sub-MNMHz Land-
width. Apart from the averages over the bheam-divergence related Doppler profile
(corresponding to off~resonant exeitation) and the longitudinal velocity distribntion
of the molecular beawn (leading to different interaction times with the photon field),
we are concerned with the effects of coherent population return (CPR) [1]. Hewe
CPR plays a substantial role, irrespective of the light intensity, for conditions sucl
that the detuning A from vesonace s lareer thon the Fourier width T-1 of the
transform lmited colierent light source (T = pulse length of interaction). As an
example of interest. we consider excitation of a two-level systemn (ep. HF (v = 1,
J=1m; =0« v =10 J =0, uatural linesidth about 32Hz) [2] with a single
wode continnous wave optical parametric oscillator (OPO). The moleenlar heam
velocity s around 1000m/s with a veloeity width (FEWHN) of about 209%. A=
siming o Lorentzian OPO linewidth of 100 kHyz. intensitics corresponding to o Rali
frequency of Qp = 3MHz and polse lengths (oo transit thines) of T = 2.5 s -
merical sohitions of the optical Bloch equations with doanping [3] vield single pass
excitation probabilitios = 10% (averaged over the longitudinal velocity spready for
detmtings up to about LMNHz, demanding a rather marow bean collimation, The
calenlations also show that at constant Rabi frequency more eflicient exeitation can
he achieved by nsing o less coliercut light source (e an OPO with browder instan-
tancons linewidth), thus yvielding cecitation by decoherconee.

This work has heen supported by the Dentsche Forsehnngsgemeinseliaft thronel
Forschergimppe Nicderenergetische Elcktronenstoffprozesse and by the Turopean
Thiion Research Training network COCOMO. contract mmmber TIPRN-C'1-104GY-
(0129,
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ELECTRON SCATTERING ON N,O- FROM CROSS SEC-
TIONS TO DIFFUSION COEFFICIENTS

1. Mechlinska-Drewko', Z. Lj. Petrovic®, T. \i\s’l'{\bl(':\a-'ski‘:, V Novakovi¢®
and G. P. Karwasz™?

'Faculty of Applied Physics and Mathematics, Gdansk University of Technology.
) Narutowicza 11/12, 80-952 Gdansk
“Tnstitute of Physics, POB 37, 11001 Belgrade, Jugoslavia
*Institute of Physics, Pomeranian Pedagogical Academy. Arciszewskiego 22b.
76-200 Stupsk
Istituto Nazionale per lu Fisica della Materia, 38050 Povo (TN). Italia

Only recently measurements of clectron scattering cross sections with beam
techniques in N2O have been extended to partial (elastic, vibrational, ionization) data
(see [1] and references therein). On the other hand, swarm studies on this molecule are
still sporadic [2]. In this work, measurements of the ratio of transverse and longitudinal
diffusion coeflicients to the mobility (D/u and Dy /i) for electrons in NoO are extended
to intermediate reduced electrical field values - the range E/N from 15 Td to 200 Td. In
this range the swarm data loose a part of their “competitiveness” with beam experiments
compared to ultralow energies. However, we show that the diffusion coefficients in this
E/N range remain extremely sensitive to presence ol inelastic processes.
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The experimental results for D/it are in Fig. . compared with data calculated by
a numerical solution of the Boltzmann equation, in two methods and using two alterna-
tive cross section sets — a recent evaluation by Karwasz et al. [1] and a set of cross sec-
tions elaborated by Havashi [3]. The present model shows, that high cross section val-
ues for vibrational excitation (1/2 of the elastic one) at the resonance around 2.3 eV are
essential to explain observed structures in diffusion coefticients.
Relerences
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Modified Landau-Zener formula for near-threshold energies
Carlo G. Meister* and Harald Friedrich
Physik Department, Technische Universitdt Miinchen, D-85747 Garching, Germany

When adiabatic potential energy curves for the relative motion of two atoms
in different electronic states almost cross, Landau-Zener theory gives a formula for
the probability of a non-adiabatic transition between the curves. The probability
depends on the slopes of the curves and their separation at the avoided crossing,
and on the velocity which is assumed to be so large that the relative motion of the
atoms is essentially classical.

For near-threshold energies, close to the asymptotic value of one of the curves, the
corresponding velocity is very small at large separations. Then quantum reflection
[1], which can prevent the atoms from coming close to the avoided crossing, becomes
a dominating effect. The probabilities for transmission to smaller separations - in
gither electronic state - thus vanish towards threshold, a feature not contained in
conventional Landau-Zener theory. We propose a correction which takes the effect of
quantum reflection into account so that the correspondingly modified Landau-Zener
formula remains accurate at low energies, all the way down to threshold.
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THEORETICAL CONSIDERATION OF
LIGHT-INDUCED SPECTRA IN O, MOLECULE
IN INTENSIVE LASER FIELD
Yu. V. Menshova, I. Yu. Yurova ~
Institute of Physics, University of St Petersburg, St Petersburg 198904, Russia

New spectral lines of VUV absorption, and the effect of the predissociation in
O, molecule in presence of intensive laser field of intensity 10'* — 10™ v/cm?) and
wave length 800-2000 nm have been considered in the model of two quasimolecular
states with nonadiabatic interaction [1].

The distortion of Xaﬂ_; and B3 potential curves of Oy molecule by the inter-
action with laser field in vicinity of the pseudocrossing point R, has been considered
in the dipole approximation. Molecular curves in the absence of laser field have been
splined from CI computation [2].

The molecule-electromagnetic field interaction has been estimated in dipole ap-
proximation [1]. The dependence of the dipole matrix element between X3>_l; and
B*¥7 electronic functions on internuclear separation R has been approximated with
the aid of r-centroids approach [3] as

D(R) = 2.8exp(—0.916R) a,, (1)

the expression (1) is valid in the interval of B = 2.0 - 3.0 aq.

Vibrational wave functions in vicinity of equilibrium point of new adiabatic po-
tential curve have been expanded into the series of harmonic oscillator functions.
The positions of new vibrational levels have been found from the diagonalization
of the Hamiltonian. For the calculation of predissociation probability the Landau-
Zener model has been applied.

We examined the reliability of the method of estimation of values of matrix
elements of diabatic interaction Dy (R.) in the point of pseudocrossing R, between
adiabatic energy curves through the difference between adiabatic energies U= (R,)
in the case, when these energies are calculated only in few number N of points of R
in vicinity of R, and splined anywhere. Dy, (R.) can be estimeted by the equality:
Dippr(Be) = 0.5(U; = U7 ) r=p, as if the exact diabatic interaction D(R) (1) would
not. been known. We found, that the precision of the estimation of Dyp,, (R.) depends
drastically on the number of points NV especially for narrow pseudocrossings.

L. A.LPegarkov. Phys.Rep. 336, 255 (2000)

2. R.P.Saxon and B.Liu. J.Chem.Phys.. 67, 3432 (1978)

3. L.A.Kuznetsova, N.E.Kuzmenko, Yu.Ya.Kuzyakov and Yu.A.Plastinin.
Probabilities of optical transitions in diatomics. Nauka, Moscow, 1980
{Russian).
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ABSOLUTE DIFFERENTIAL CROSS SECTIONS FOR
ELASTIC ELECTRON SCATTERING IN NEON IN
THE ANGULAR RANGE FROM 130° TO 180°
Brygida Mielewska'*, Ireneusz Linert!, George C.King?, Frank H.Read?, Mariusz Zubek!

'Department of Physics of Electronic Phenomena,
Gdansk University of Technology, 80-952 Gdansk, Poland
?Department of Physics and Astronomy, Schuster Laboratory,
Manchester University, Manchester M13 9PL, UK

In a continuation of our studies of elastic electron scattering in the backward direction
[1,4] we have measured differential cross sections (DCS) in neon, in the angular range
from 130° to 180°. Absolute DCS’s for elastic scattering in neon over the full range of
scattering angles are important since neon has been suggested as a secondary standard in
the measurements of DCS’s of other atomic and molecular species. The experimental setup
was based on the magnetic angle changing technique [2, 5] which allows the collection of
scattered electrons in the range of scattering angles up to 180°. The DCS obtained in Ne
at an energy of 5 eV are shown in Figure 1 in comparison with the existing experimental
data below 130° and with the theoretical calculations. In the angular range above 140°
the present results are higher than the theoretical predictions. Using DCS of [3] which
were extrapolated down to 0° together with our results in the remaining angular range,
the total and momentum transfer cross sections have been obtained. Both cross sections
are in good agreement with the experimental results of (3, 8].
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Figure 1: Differential cross sections in neon at an electron energy of 5 eV.
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D~ ion desorption from condensed CD,, C,D,, C;D,, C,Ds and C3Dg
molecules induced by electron impact.

Pawet Mozejko, Luc Parenteau, Andrew D. Bass and Léon Sanche

Groupe des Instituts de Recherche en Santé du Canada en Sciences des Radiations,
Faculié de Medicine, Université de Sherbrooke, Sherbrooke, Canada J1H 5N

The processes initiated by low energy electron impact, including the desorption
of anions from condensed molecules have a practical importance in many research
fields e.g. plasma physics, radiation physics and astrophysics. Recent experiments
indicate that electron scattering via transient anions provides an efficient pathway
for secondary electron damage to DNA [1] and a plausible contributory mechanism
to ozone depletion [2].

In present work we have studied the energy dependence of the electron-stimulated
desorption of D™ ions for CDy, CiD4, CaDy, C2Ds and CaDs molecules condensed
on a platinum substrate. In these experiments (see e.g. [3]) multilayer molecular
films are condensed on a clean polycrystalline, cryogenically cooled (T~ 20 K) Pt
foil. The thin films are bombarded with a monoenergetic (FWHM = 80 meV )
electron beam (0-20 eV) produced by an hemispherical electron monochromator.
The desorbed anions are mass selected with a quadruple mass spectrometer and
detected by an electron multiplier. The apparatus is housed in ultra high vacuum
chamber reaching a background pressure of 107!% mbar which is maintained by a
combination of a ion pump and closed-cycle refrigerated cryopump.

The recorded D~ yield functions for 5-6 multi-
layers of CDy, CyD4, C;Dy, CoDg and CyDg are
shown in fig. 1. For each species studied, the
yield function contains a broad resonant maxi-
mum, located near 9.2 for C;D5, 9.7 ¢V for CDy
and C;D4 and 10 eV in the case of C;Dg, and
C3Dg. At higher impact energies weak D™ flux-
es were recorded, which then slowly increases
in intensity above 15 eV for C;Dy4, 17 eV for
CsDg and C3Dg, and 18 eV for CDy, and C;D,
'sMLC,D,, molecule. The observed resonant structures are
L attributable to dissociative electron attachment
= k5ML cpo, gj process in which a temporary negative ion is cre-
0 bt Ml‘ ated by resonant electron capture [4]. The posi-
tion of resonant maxima and width of resonance
peaks are very close to those observed for similar
Figure 1: Comparison of D= signal des= Non-deuterated hydrocarbons films [3].
orbed from condensed CDy, C2Da2, CaDy, This work is supported by the Canadian In-
C2Dg and C3Dg molecules on Pt substrate .
stitutes of Health Research.
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Charge Transfer Processes in Plasma Processing

P.T. Murray'  and E. Shin®
' Research Institute and Graduate Materials Engineering. University of
Dayton. Dayton, OH 45469-0160 USA
* Research Institute and Electro Optics Program, University of Dayton.
Dayton. OH 45469-0245 USA

Plasma processing is widely used to alter the properties of materials as
well as to synthesize new materials.  One such process is plasma
polymerization.  The elementary processes that occur during  plasma
polymerization of acetylene have been investigated and are reported here.
Specifically. time of flight mass spectrometry as well as optical emission
spectroscopy have been employed to detect the ions and excited species
present in C:Ha. Oz He. Ar. and He/Ar plasmas. Mass spectra. optical
emission spectra, and ion Kinetic energy distributions are reported. The results
show a decrease in energetic (~400 eV) ion signal with increasing pressure
and a change in the ion kinetic energy distributions. This is attributed to
symmetric charge transfer reactions within the plasma sheath. The results
allow the extent of the plasma sheath to be made. The results suggest that
symmetric charge transfer reactions are ubiquitous within plasmas and that
such reactions are very important in determining the properties of the thin
films thus synthesized.

This work was supported by the National Science Foundation.

*murray/udri.udayton.edu
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LIPS spectroscopy for contamination analysis and
the laser cleaning diagnostics of historical paper documents

K. Ochocinska', M. Sawezak', M. Martin®, A. Kaminska®, and G. Sliwinski'

I’OI Acad. Sci Institute of Fluid Flow Machinery, Fiszera 14, 80-932 Gdansk. Poland
= 11]\11111t0 de Quimica Fisica Rocasolano, CSIC, Serrano 119, 28006 Madrid, Spain
" National Museum in Gdansk, Cystersow 18, 80-330 Gdansk, Poland

Recently, a growing interest in application of the radiative techniques for
restoration and analysis of documents and artefacts on paper and parchment is observed.
The potential of ablative laser cleaning is confirmed experimentally and the optimal
interaction parameters such as wavelength (532 nm) and energy fluences (< 1 J/em®) are
specified [1,2]. For the laser wavelengths applied so far the degree of polymerisation of
the paper substrate reveals smaller changes for irradiation at 332 nm in comparison Lo
308 nm due to the fact that the bond energies of main cellulose compounds are not
accessible by the 2,33 eV photons | 1]. Tt is shown that spectroscopic measurements can
deliver information on the chemical composition of the substrate and the pigments
applied as well as of the surface contaminants, and also their light-induced deterioration
can be studied in this way |2].

In this work the LIPS spectra of historical paper documents recorded before and
after the surface cleaning by means of the Nd-YAG laser pulses at 332 nm (0 ns
pulsewidth) are studied. The plasma is induced by the pulsed laser beam at 532, 355, or
266 nm focused in the vicinity of the sample surtace and the emission spectra are
recorded. An independent experiment under similar conditions, i.e. cleaning at 332 nm
and plasma excitation at 248 nm (KrF excimer laser, 135 ns) is carried out, too. In both
cases the system consisting of the spectrograph (Acton Res.), cooled CCD camera
(CVI) and PC-based acquisition unit is used for recording and storage of the spectra.

Results indicate that the shorter excitation wavelengths result in a more reach
and mtense spectral structures in the UV range which allows for a better confidence of
the assignment. The appearance of the sharp emission lines at 6164, 646.3, 717 nm (Ca
I}, 389.4 nm (Na ). and 766.5, 769.9 nm (K 1) ascribed to the surface pollutants is
reproduced for the plasma excitation at 248, 355 and 532 nm, and 15 in ;10-|'ccmcnt \\-’arh

our previous measurements |2}, The effect of the gascous environment (uir, or Ar) 1s
characterized by a slight intensity decrease of the overall spectral shape in ii]c case of
N-.
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M1-FE?2 interference effect on polarization dependence of
two-colour frequency mixing in 7' atoms

Ovsiannikov V.D., Pershin N. and Tchaplyguine E.V.
Faculty of Physics, Voronezh State University, 394693 Voronezh, Russia

Three-wave mixing of a two-colour radiation is a simplest nonlinear process which
may be useful both for frequency conversion of intense laser radiation in atomic
medium and for probing and determining details of atomic level structure. In free
atoms this process is strictly forbidden in electric dipole approximation. The mag-
netic dipole (M1) and electric quadrupole (E2) interaction also cannot contribute to
coherent scattering of sum- or difference-frequency photons collinearly with incident
waves. Nevertheless, incoherent collinear scattering is possible in atoms with non-
zero angular momentum in their ground state in addition to non-collinear coherent
scattering, when one of the three waves propagates at right angle to the other two
collinearly propagating waves.

The double-resonant process is the most efficient in atomic medium. The level
structure of Tl atoms provides possibility for resonant interaction with incident
radiation of frequency wy = Fsp,,, — E6p,, —€ both in M1- and E2-approximation.
The interference of contributions from these interactions provides enhancement or
reduction of coherent scattering amplitude, depending on relative polarization of
incident waves. This dependence may be presented by equation for the amplitude
of scattering coherently photons with frequency w' = wy +ws = Ers,,, — Eep,,, — £,
as follows

U= Ei {[1 i gwlR@)] (erea)(e” - ny) — |1 - %wlR(g)] (o ea)(e™ en)}, (1)
where the resonance detuning ¢ = A —il'/2 (¢ = A’ —4["/2) includes real and
imaginary parts of energy for excited levels (the level widths I' and I").

The difference between cross sections for e; = e; and for e; = n; gives quan-
titative information on the value of the radial quadrupole matrix element R® =
(6P /2|7?|6Ps2), thus providing really existing facilities for the use of the frequency
mixing techniques for measuring matrix elements for electromagnetic transitions in
atoms.

More efficient results may be obtained by inducing coherent collinear scattering
in atoms exposed to external fields. As was demonstrated in calculations for atoms
in spherically symmetric states [1, 2, a constant magnetic field induces additional
resonance in the forward scattering amplitude and so is a good candidate for the
use in the laser light conversion as well as in the two-colour spectroscopy of atoms.

[1] K.V.Khalev and V.D. Ovsiannikov, J.Phys. B 34 (2001) 3843.
[2] K.V .Khalev, V.D. Ovsiannikov and V.V. Chernushkin, J.Phys. B 35 (2002).
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Spin-orbit-induced magnetic dipole effect on two-colour
frequency mixing in alkali atoms

Owvsiannikov V.D., Piskunov G. and Tchaplyguine E.V.
Faculty of Physics, Voronezh State University, 394693 Voronezh, Russia

Three-wave double-resonant frequency mixing of a two-colour radiation in alkali
atoms is determined by electric quadrupole interaction with electromagnetic radia-
tion [1]. In one of three possible routes for this process, with resonance on n; P- and
ny P-states, a contribution of magnetic dipole interaction into the process’ amplitude
may appear. Specifically in heavy atoms, where the spin-orbit interaction is rather
strong to mix states with different principal quantum numbers, n; # n,, and equal
angular [ and total J momenta, the magnetic-dipole amplitude for scattering sum-
frequency photons may be comparable to the electric quadrupole amplitude with
the same resonance singularities. The interference between M1 and E2 processes
may influence on the polarization dependence of corresponding cross section.

The amplitude for coherent scattering of radiation with frequency w' = wy + w;
by atoms in [nSi/2) state may be presented in the form:

8 Eq/7 £h) £ £
U= {[uﬂugﬁ—f%} o+ @) +s |22 - 2LBlyg—o)r, @)
1/2

! -
€3/285 €1/2 €2 €ip

where C is a field-amplitude-dependent factor, £; = A—il'/2 = E,, p, —Ens, —wi
(f = A" —il"/2 = Ep,p, — Fys,,, —w’) s the resonance detuning with the lower
In1 Ps) (the upper [n,P;)) level, including the imaginary part (the excited level width
T), o =1(e;-ko)(es-€"), ¢ = (e;-e)(ks-e™) are the scalar products of the unit
field vectors, and

o 5&22',-(711]3[1"’3;712}7) (2

T 2w3{ny Plr2|n,P) )
is the ratio of the spin-orbit (2] and electric quadrupole matrix elements. The
contribution of the spin-orbit-induced M1 interaction (the term proportional to
s in (1)) gives rise to the circular dichroism effect: in coherent scattering from an
atom exposed to linearly polarized incident waves propagating at right angle to one
another (with the unit wave vectors k; Lk;), the sum-frequency radiation may be
elliptically polarized with the circular polarization degree ¢ = (I - [¢/ x €’*]) directly
proportional to the spin-orbit mixing parameter s, the fine-structure splitting of
resonant levels, 4 and ¢’, the combination of level widths T, I, and detuning A, A':

o 2585’ (A — TA') sin 20

© (|26 4 |€[262)(1 + 82) + 266'(1 — s2)Re(e*e’) + 2s(|2]20" — |£/|282) cos 26
0 is the angle between polarization vectors e; and e,. The model potential method
[3] is used for numerical estimates of radial matrix elements in (2).

[1] K.V.Khalev and V.D. Ovsiannikov, J.Phys. B 34 (2001), 3843.
(2] L1.Sobelman, Introduction to Theory of Atomic Spectra (Moscow, Nauka, 1977).
[3] N.L.Manakov, V.D.Ovsiannikov and L.P.Rapoport, Phys Rep. 141 (1986), 319.
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Electron collisions with C,Hy C,F, and CFy

R. Panajotovic™. M. Kitajima*. J.C.A. Lower®, H. Tanaka®, and S.J. Buckman

Atomic and Molecular Physics Laboratories, Research School of Physical Sciences and
Engineering. Australian National University, Canberra, Australia
* Department of Physics. Sophia University, Chiyoda — ku, Tokyo. Japan

In the contemporary technology of plasma  deposition and etching.
pertluoracyclobutanc (¢-Cy4Fy) and its fragments (¢.g. C-Fy) play an important role in the
preparation of silicon dioxide surfaces. To explain the complex behaviour of different
components in such a gas discharge, knowledge of differential, momentum transfer and
integral cross sections for scattering of low energy electrons is crucial.

The important range of electron kinetic energies in these processes spans from a
few hundred meV to a few tens of eV. Experimental and theoretical investigation of
these two gases has been rather limited until recently. In the most recent work,
Winstead and McKoy [1] caleulated ab initio differential (DCS) and integral cross
sections for elastic scattering of electrons between 1.3 and 60 eV on ¢-CiFs using the
Schwinger multichannel (SMC) method.  The only published experimental data
available for comparison are those of Sanabia er a/ [2] and Nishimura [3] for the total
scattering cross section.

Research on the one of the simplest luorocarbons, CoF;, the fluorinated analog
of ethylene (C.Hy), extends from swarm measurements and analyses [4] to the most
recent theoretical caleulation of Winstead and McKoy [3]. Old measurements of
relative DCS for elastic scattering at 25 ¢V and 40 ¢V by Coggiola er af [6] seem to be
the only published experimental data to date.  Therefore, there is an interest in
experiments at lower electron energies, especially below 10 eV, where it is known that
the ethylene cross sections are resonantly enhanced. For ethylene there are previous,
relative DCS measurements [7] and several theoretical caleulations using the Schwinger
variational technigue [8.9].

In our experiments, we are using the crossed-beam technique to measure
absolute DCS for elastic electron scattering and vibrational excitation of C-H,, C-Fy and
CuFg atenergies from | to 100eV, and scattering angles from 10" to 130,
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INTERACTION OF LOW-ENERGY ELECTRONS WITH
SURFACE: THE SEES AND TCS STUDY

O.FF. Panchenko
ACAL Galkin Donetsk Institute of Physies & Technology, Donetsk, Ukraine

A detailed study of the near-surface phenomena has become possible owing to a
recent development of new investigation techniques and instruments making it possible
to determine the composition of a substance and its geometric and electronic structure.
The low-energy secondary electron spectroscopy (bused on the study of phenomena
accompanying the process of interaction between the flow of slow-moving primary
electrons with energy < | keV 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 target current (TCS) show
the totality of phenomena taking place both in the volume and near-surface layer of the
crystal. The line 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 existing theoretical interpretation of
fine structure peculiarities is not complete enough because of the variety of elementary
processes taking place in a solid. The present study deals with the development of the
above-mentioned methods basing on the energy band structure of crys
(sce, e [1-4]) during the caleulation of SEES and TCS 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
enerey level broadening, the electron-electron and electron-plasmon contributions to the
distribution function of highly nonequilibrium 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 [3]), the isotropic
component of current (rom the electrons scattered on the surface were taken nfo
consideration. In addition. it was a success for us to rather satisfactorily explain the
main structure in spectra of a number of crystals. And there occurs a possibility for the
experimental study of the electron dispersion in the region of energies much higher than
vacuum level and for usage of the SEES and TCS data in a more pertfect calculation of
band structure showing which singularities of the spectra relate to some or other bands.
The method being developed enables one to distinguish between the volume effects in
SEES and TCS from the surface ones which are to be investigated separately [6].
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STRONG INTERACTION BETWEEN AUTOIONIZATION

CHANNELS IN THE even 4p*n¢ SATELLITE PRODUCTION
IN Kr

[ D. Petrov. B. M. Lagutin, Ph. V. Demekhin, V. L. Sukhorukov, *
A, Ehresmann, H., Schmoranzer *

¥ Rostov State University of TC, 344038 Rostov-on-Don, Russia
Fachbereich Physik, Universitit Kaiserslautern, D-67653 Kaiserslautern, Germany

The even satellites of the 4s-level in Kr are connected with the set of —1|)4ns:’md
configurations. Photoionization cross sections (PT CS) for these satellites at their
threshelds are strongly influenced by the doubly-excited states 41_141#!;."#“ [1-3].
Calculation performed in [2.3] allowed one to understand the nature of the main features
in PL CS. However, theory gave the absolute values of the satellite PI CS which are
about four times larger than the experimental ones.

To understand the reason of this discrepancy in the present work we took into
account the interaction between autoionization channels which in general is considered
as a small one [4]. The atomic and ionic wave functions ipvolved in the calculation were
computed within the configuration interaction Pauli-Fock approach. It turned to be that
autoionization channels 4])411"'&1" mteract surprisingly strong because of the large
overlap of atomic orbitals entering the matrix element for the configuration interaction.
As a consequence of strong interchannel interaction the channel wave functions are
renormalized. This gives rise to substantial decrease of the satellite PI CS by a factor
from 3 to 3 thus explaining the above discrepancy between theory and experiment.

Ph.V.D. would like to acknowledge support by the Alexander von Humboldt foundation.
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Investigation of electron impact induced transitions between
excited lithium levels.

Aleksander Pietruczuk . Tadeusz Stacewicz.
Institute of Experimental Physics. Warsaw University. UL Hoza 69, 00 — 681 Warsaw.

Poland

Results of measurements of rate constants for transitions starting from 2P level of
lithium induced by electron impact are presented. The investigations were done by the method
described in [1]. Measurements were performed in heat - pipe oven containing the mixture of
sodium and lithium vapours with several torrs of argon as a buffer gas.

The plasma was generated by a pulse from laser tuned to the 35 — 3P transition in
sodium (389nm) [2]. After 2 ns, when the parameters of plasma were stabilized a pulse of
other laser, tuned to 25 — 2P tansition in lithium (670nm). produced Li(2P) atoms, Due to
collisions of Li(2P) atoms with electrons the higher excited Li(nl) atoms were produced. The
fluorescence from those atoms was used for monitoring the Li(nl) concentration. The
fluorescence signal was integrated within a time period of 2 us by means of the photon
counting system. The kpy rate constant was determined in respect to the well known ks.xg
rate [3.4].

The electron energy
distribution  and  the  electron k
temperature were retrieved from the 1 0 2P-3F/k28~2P
voltage — current characteristic of the : o
plasma probe.

Results of measurements  for
the 2P — 3P transition are presented
in Fig. 1. The experimental error
reaches about 40%. Uncertainty of
the electron temperature
determination is about £10 % The
experimental  data (circles)  are
compared with calculations based on
close coupling approximation (solid

line). done by [ Bray [3] especially 0 3dOO 6d00 9000

for this experiment. Dashed  line

represents  results  achieved using ) eleCtron temperat_u_ re [K]
formulas by Schweinzer et al [4]. Figure 1: Rate constant for 2P — 3P timsition.

This work was supported by Polish Committee for Scientific Research. grant number
2 PO3B 050 8.
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ELECTRON-PHOTON COINCIDENCE
MEASUREMENTS OF POLARIZATION OF
RADIATION FROM CADMIUM ATOMS EXCITED
TO 5 'P; STATE BY ELECTRON IMPACT

M. Piwinski '™, D. Dziczek ' R. Srivastava -, M. Gradziel ' and S. Chwirot !

' Institute of Physics, Nicholas Copernicus University. Torun, Poland
* Department of Physics, Indian Institute of Technology Roorkee, Roorkee, India

The electron-photon coincidence technigue has been used to determine the state
of polarization of 228.8 nm mdiation emitted by cadmium atoms excited to 5 'P, state by
electron impact. Data have been obtained for two values of electron enerey and
scattering angles in the range from 10° to 40°. Reduced Stokes parameters and electron
impact coherence parameters (EICP). characterizing the state of the excited atoms
immediately after the collision, have been extracted from the measurements and
compared  with  results  of  relativistic  distorted-wave  approximation  caleulations,
Theoretical predictions are in good qualitative agreement with experimental values,

1.0 Cd 3P 1.04 ] SR,

8.5l mmu\’ 5is) St L\
P, 00 P oo
-0.5 U \ -0.5
0.5 //I\ 0.5 %\
P, 00 P. 00
0.5 L/{ \;\/ 0.5 \/ \_/

1.0 -1.0
0.5 0.5
Pooo T T P,ooo
-0.54 i T -0.54 i
1.0 + I + -1.0
10 20 30 40 50 B0 0 10 20 30 40 50 60
Scattering angle (deg) Sciattermg angle (deg)

Figure . Experimental (m) and theoretical ( ) values of polarization parameters
for electron impact excitation of 3 'Py state of cadmium atoms for incident
electron  energy of 100 eV (left columny and 80 eV (right column).
Depolarizing  effects of  hyperfine interactions were taken into account in
RDWA calculations.
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Electron-helium scattering within the S-wave model
)

Cliris Plottke and Igor Bray
Centre for Atone, Moleeular and Surface Phiysics.

Murdoch Upaversity. Perth 6150, Austialio

Abstract

There has heen much progress in the solution of the three-body problenn that
is electron-impact excitation of atomic hvdrogen., Hence. rhe mest fronticr in
the field is the fouwr-body problem of clectron-impact excitation of helium.
luterestinglve sinee the helium discrete spectium contains onlv one-clectron
excitations. a frozen-core description of the target suffices for discrete exci-
tation phenomena and jouisation leaving the helium ion i the ground state,
However. ionisation processes may also leave the helimn ion in an exeited
state. and double lonisation processes are also possible. To treat these the
full four-hody problem needs to he solved. We will report the first attempts
to solve this problem non-perturbarively while restricting all orbiral angular

momenta to be zero. the socalled Sowave model.
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LOW-ENERGY ELECTRON SPECTROSCOPY OF
Si(100) AND Ge(100) SURFACES

T.Yu.Popik', V.M. Feyer', O.B.Shpenik'. Yu.V.Popik*

' Institute of Electron Physics. Universytetska St. 21, Uzhhorod 88000, Ukraine
- Uzhhorod National University. Voloshyn St. 54, Uzhhorod 88000, Ukraine

In the majority of the electron-spectroscopic methods of investigation ol electronic
properties ol surlace and bulk of solids probing is performed by photons or electrons
with the energy £>100 eV, for which aptical selection rules and energy and momentum
conservation laws are valid. In the Institute of Electron Physics of Ukrainian National

E=10¢eV
Si(100)
= ——Ge(100)
-
o
3
>
‘n
j oo
©
IS
00 05 10 15 20
Energy loss (eV)
- E=30eV
4
¥ .
4 o—Si(100)
r« —=—Ge(100)

Intensity (arb. un.)

00 05 10 15 20 25 30
Energy loss (eV)

Fig. 1

Academy of Sciences the technique ol low-energy
electron backscattering (LEEB) is elaborated, where
probing is carried out with the beam of 0 10-eV
electrons. Al such energies the optical selection rules
break down. Therefore in elastic and inelastic LEEB
spectra both direct and indirect transitions ol excited
electrons between the maxima of density of electron
states in the reduced Brillouin zone are revealed.
Besides, the LEEB spectra provide data on electron
surface states.

Using high-resolution (A£ €50 meV) LEEB tech-
nique, the studies of energy loss spectra al various
energies of primary electron beam (£,-0.1+-3 eV) for
the mirror-polished Si(100) and Ge(100) surfaces were
performed. The resonant character of excitation of
surface and bulk electron states for the surfaces under
investigation is shown - the energy loss spectra is very
sensititye to £,

Figure 1 shows typical energy loss spectra at
£=1.0eV and £,=3.0eV for S1 (100} and Ge(100).

The obtained results on the bulk electron states are
in good agreement with the known experimental data.
obtained by photoemission spectroscopy and characte-
ristic loss spectroscopy techniques as well as bulk
electron structure of silicon and germanium, calculated
theoretically using the orthogonalized plane wave. local
potential and G4 methods.

The presence ol the known surface electron states
for Si(100) and Ge(100) is confirmed, their energy posi-

tion being determined more precisely. Besides, for Ge(100) a new surface electron state
in the wap with the density maximum at the energy 0.18 ¢V above the valence band

maximum is revealed.

E-mail address: an@zvl.iep.uzhgorod.ua (O.B.Shpenik).

105



B-20

Multiterminal measurements as a method to determine the resistivity
components in highly anisotropic media

P. Popovich
Uzhgorod National University, Voloshin str., 54, UA-88000 Uzhgorod, Ukraine

popovich@iss.univ.uzhgorod.ua

The resistivity and its dependence from temperature is one of the common char-
acteristic of the solids. In case of isotropic materials a four-terminals method is
commonly-used to determine it. The layered crystals (colossal magnetoresistance
manganites, high temperature superconductors, etc) are available mostly in the
form of thin platelets. That is why the determination of the smallest dimension’s
resistivity component is a difficult task.

The object of our investigation are materials with high uniaxial resistivity anisotropy
(pc > pap). We present a method for determining the resistivity tensor from a
six-contacts measurement, based on analytical solutions of the Laplace's equation.
To avoid measuring of vanishing voltages on the bottom of the sample the c-axis
and diagonal current injections are used. The condition of the applicability of our
method is high effective anisotropy (I’ = exp [’}f%} >> 1), where y = \/ﬁ% - is the
resistivity anisotropy, L and D are the length and thickness of the sample.

Using this method allows us to measure only one sample instead of two. That could
be important in case when reproducibility of samples properties is bad, even in the
same batch due to somewhat different concentration of impurities or dopants. We
take into account the influence of size of the current contacts and their misalignment
to make the method more useful for experimental use. The rapid calculation of the
tensor components and the increase of the accuracy are advantages of our analytical
solution with respect to numerical calculations.

In addition, using of different current injections (i.e. diagonal and ab-plane) in
same time could be the method to determinate the quality of contacts and the
homogeneity of the sample.
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Dynamic Hyperpolarizability
of Hydrogen Rydberg Levels

E. A. Pronin", N. L. Manakov?, S. I. Marmo®) and A. F. Starace?

V) Research and Education Center, Voronezh State Univ., 394693 Voronezh, Russia
) Dept. of Physics and Astronomy, Univ. of Nebraska, Lincoln, 68588-0111, USA

The dynamic hyperpolarizability (DHP), v(—w; w, —w, w), determines the atomic
response to a monochromatic external perturbation (of frequency w) in the 3rd order
in the perturbation amplitude, F. Applied to atomic spectra, v gives corrections
AE}(” ~ 71? to the usual (linear in the laser intensity, I) Stark-effect, &El(z) ~
a(w)!, of a (non-degenerate) atomic level |E;). For |Ej| > hw > |E;|/2, Im AE™
yields the two-photon ionization rate of the |E;)-state, whereas for hw > |E;| it
gives also the linear in laser intensity corrections to the photoionization cross section
(given by the imaginary part of the dynamic polarizability o (w)).

We present exact numerical results for the DHP 7y, of high-lying H-states |nlm)
as well as for the perturbation of |nm)-levels by a laser field taking into account
the terms ~ I and I2. Since even ~ [-terms mix degenerate [-levels of the same
parity [1], we evaluate ~ I-terms by calculating “generalized” DHPs for these
mixed levels. In calculations of 4th-order dipole matrix elements, contributing to
the perturbation theory expression for v, we employ an effective method based on
generalized Sturmian expansion of the Coulomb Green’s function [2] having two
arbitrary parameters, # and 4. After explicit integration over radial variables, v is
presented as a double series of hypergeometric functions. By an appropriate choice
of  and 3, the convergence of this series is achieved for any frequency w, including
in the above-threshold domain, Aw > |E,|.

For n < 10 and linear and circular laser polarizations, we performed numerical
calculations of v and AE{?, and AE{) (taking into account [-mixing) over a wide
interval of frequencies, from hw < |E,| up to fiw ~ 20|E,|. In the high-frequency
limit, a part of the mixed levels clearly shows the onset of stabilization with increas-
ing the laser amplitude F'. (See Table 1 for mixed states of the n = 5 shell with
m = 0 in a linearly-polarized field.) The asymptotic behavior of v at high w and its
dependence on quantum numbers n, /, m and laser polarization are discussed.

Partial support by RFBR Grant 00-02-17843 and NSF Grant PHY-0070980 is
acknowledged.
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Table 1: AE@ and AE® (in au) forn =25, m=0, hw=4|E,|, F = 0.02 au.

Parity AED AE® AE® 1 AE™
even | (1.7728 — 0.07414)1077 | (1.3900 + 0.36807)102 | (1.0118 — 0.0373:)10 2
odd | (1.7617 — 0.13244)1072 | (8.149 + 2.440i)10~* | (1.8432 — 0.10807)10~2
even | (1.5926 — 0.1206:)10-2 | (1.878 — 1.688:)10~¢ | (1.6114 — 0.1374)102
even | (1.5522 — 0.0019i)1072 | (—1.97 — 2.864)10~% | (1.5520 — 0.0022¢)10~2
odd | (1.5235 — 0.0178)10~2 | (—2.095 — 0.809i)10~* | (1.5025 — 0.02597)10~2
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Temperature dependencies of dissociative clectron attachment to
molecules of Gentisic acid, Hydroquinone and p-Benzogquinone
S.A. Pshenichnyuk, N L. Asfandiarov
Institute of Physics of Molecules and Crvstals. Russian Acadeny of Science, October

Pr. 151, Uta, 450075 Russia, sapshi@anrb.ri

The temperature dependencies of dissociative electron  attachment (DA) by
molecule of Gentisic acid (GA) which is one of the excellent matrix in MALDI (Matrix-
Assisted Laser Desorption/lonization) are investigated by means of Electron Capture
Negative lon Mass Spectrometry with pupose to light a problem of anions [ormation in
MALDI. In according to our findings the negative 1on mass spectrum of GA at low
temperature consists of the next most intensive peaks [M-H] (M/Z = 153, 100%).
[M-HsT™ (M/Z = 152, 35%). [M-COOH]™ (M/Z = 109, 14%) and [M-CO--H>]” (M{Z =
108, 15%). Also there is a metastable anion due to a process [M-H]” — [M-COOH]
that means the dissociation lifetime of [M-H]™ parent anion is about 10 us. It is well
seen on Fig L[a] that there is a strong increasing of [M-CO--H-]" anion yield as

temperature of target molecule rising. Such

behavior of the threshold signal is not the

(MR T L condition of decomposition of the GA molecule at

; *!’; " high temperature because there is still exists a [M-

“‘ ,f B “‘\ H]™ anion signal at such temperature. Morcover

= i e molecutes  of  Iydrogquinone (HQ) and  p-

;i‘;;) el Benzoquinone (p-BQ) do not show such a

B [ 1‘.‘ el threshold feature on the corresponding anions

2 5 ; k"&?_.ﬁ‘?’f‘_‘w vield even at high temperatures (Fig.1[h, ¢]). Thus
%

we suppose that threshold peak for [M-CO;-H]”

1= Deris wguinea s

1 anion chanpel in GA is a pseudomolecular anion
: [l

with a structure of p-BQ. Obtained cxperimental

results are interpreted by means of quantum

TR chemical calculations in terms of two-dimensional

Flestpe: Fiens te¥i

potential energy curves. This work is supported

Fig.l. Anion yield for M/Z = 108, by INTAS grant #99-00647.
80 "C (solid line). 300 "C (open circles) = ‘
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SPIN ASYMMETRY IN (e, 2¢) PROCESSES ON Li, Be'
B™ AND C™ TARGETS BY TRANSVERSELY
POLARISED ELECTRONS

)

G. Purohit, R, Choubisa, V. Patidar and K. K. Sud*

Department of Physics, College of Science Campus
M. L. Sukhadia University, Udaipur-313002, India

We present in this communication the results of our calculation of triple differential
cross section and spin asymmetry in electron impact ionization cross section of lithium
like ions (Li, Be', B*® and C™) at an incident electron energy 49 ¢V above ionisation
potential for equal as well as unequal energy sharing conditions. We have performed
the caleulation using distorted wave Born approximation (DWBA) formalism [1]. We
also present our calculation of spin asymmetry for the same targets with energy sharing
ratio and compare the spin asymmetry for Li atom with the available experimental data
of Streun et al [2]. We discuss the role of exchange eftect in producing spin asymmetry
and the effect of Z on TDCS and spin asymmetry for lithium like ions.
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Figure: Spin asymmetry for the electron impact ionisation of Li as a function of
the energy sharing ratio (E,-Ep)/E . where E, and Ey, are the energies of
the continuum electrons and E=E,+E,=20 eV, is the excess energy.
Symbols (-): experimental data of Streun et al [2], (- ) DS3C, (e )
3C and ( ) our DWBA calculation.
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Ton-impact induced excitation and fragmentation of Cgo
A. Reinkdster®, B. Siegmann, U. Werner, and H. O. Lutz
Universitit Biclefeld, Fakultit fiir Physik. D-33501 Bielefeld — Germany

We studied the multiple ionization, Cy evaporation, fission. and multi-fragmentation of
Ceo in collisions with 50-300keV H™. He™. Ne™, and 0.5-300keV-z ArsT (z =1-3)
jons [1. 2]. The influence of projectile type and velocity on relative cross sections will
be discussed. As an example Fig. 1 shows some results obtained in collisions with Ar-
ions. Al impact velocities © = 0.2a.u. the influence of the projectile velocity on the
fragmentation pattern is comparatively small. whereas dramatic changes occur at smaller
velocities [3]. This finding is comprehensible with recently published data for the energy
lass of Ar-ions in collisions with Cgg obtained with non-adiabatic quantum molecular dy-
namics calculations [4].
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Figure 1; Time-of-flight (TOF) spectra of fragment 1ons produced in collisions of Ar®
ions with Cgp.
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SOME PROPOSALS FOR LASERS ON SELF-
TERMINATING TRANSITIONS IN BLUE SPECTRAL
RANGE

Robert Riyves. Volodymyr Kelman, Yuriy Zhmenyvak, Yuriy Shpenik
Institute of Electron Physics of the National Academy of Sciences of Ukraine

In the combination with the Cu-vapor laser in green and Au-vapor laser in red an
effective blue laser on self~terminating transition can be useful to elaborate the color
projection systems with brightness amplifiers ol images. But the Bi-vapor and Fe-vapor
blue lasers tested till now do not satisfy the average power and efficiency requirements.

An indium atom has an appropriate energy level structure with self-terminating
transition 450.1 nm that origin from an isolated resonance 6°S,: level to the Pk
metastable level. The gquantum efficiency of this transition is more than 90%. But a
small energy distance between the ground and metastable levels (0.274 ¢V makes it
impossible to use pure indium metal probe as a lasant.

In our investigations aimed to search for the laser action on indium atom an Inl
salt was used. The time integrated emission spectra ol discharge excited by high voltage
discharge (Fig.l) demonstrate the main feature - dominating intensity ol indium atom
emissions. A —X and B —X molecular emissions ol Inl have also been observed. In
the absorption spectra the X - A, X - B and X - C bands are observed. The resonance
indium line 410.2 nm lies in the region of X - A transition absorption band.

Unfortunately. no laser action was cobtained in spite ol a great variety of
experimental conditions used. Especially the pulse frequency was established in three
different regimes: 100 Hz, 3-10 kHz and pulse sequences (series of 10-20 pulses with
mterpulse distance 100 ps repeated with 10 Hz).

The largest intensity of indium lines was observed at 300 °C tube temperature.
The additional efforts might be undertaken to use another indium chemical compound

(InBry) with lower working
temperature (not more than 200 °C)

1,04 and to shortening the pumping pulse
duration.
L, - Another element 18 also
@ ] b !
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o . ~ . -
Fos having some sell~terminating
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g @ transitions in blue, especially 431.5,
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Fig. 1. The emission spectrum of the Inl - Ne discharge
(Pve =2 Heg, [=4.7 kHe, 1 = 370 °C).
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CLUSTER EXPLOSION IN AN INTENSE LASER PULSE

Marian Rusek!, Hervé Lagadec?, and Thomas Blenski®
Unstytut Fizyki, PAN, Aleja Lotnikéw 32/46, 02-668 Warszawa, Poland
2CEA /Saclay, DSM/DRECAM/SPAM,, 91191 Gif-sur-Yvette, France

Due to collective many-body effects the laser interaction with the atomic clus-
ters differs substantially from that of simple atomic and molecular systems. For
instance, recent experiments on clusters irradiated by the intense laser pulses have
revealed several extremely high energetic phenomena not encountered in previous
experiments restricted to atoms and small molecules: efficient generation of highly-
charged atomic ions, generation of electrons and ions with MeV kinetic energies, and
emission of intense X-rays [1]. In this paper, the dynamics of small rare-gas atomic
clusters ionized by a high-intensity femtosecond laser pulse is studied qualitatively
using a three-dimensional refinement [3] of the time-dependent Thomas-Fermi model
[2]. Tt is confirmed that the explosion is neither instantaneous nor uniform. It ex-
hibits a layer-like structure in which shells of cluster ions are expelled sequentially.
Tt seems that the inner shells of the cluster start to expand first and “push” the
outer shells. Stepwise character of the explosion is seen also in the kinetic energy
of the outgoing atomic ion fragments: the ions leaving first were far more energetic
than those leaving later. The role of hot electron dynamics in the cluster explosion
at the initial stages is also investigated. It turna out that ions coming from the outer
shells of the cluster are indeed a little bit accelerated by thermal expansion of the
electron gas. On the other hand the thermal expansion of the electron gas causes
the electrons to leave rapidly the innards of the cluster. This slows down the rate
of the space-charge ionization inside the cluster and thus the Coulomb explodion
of the inner shells is decelerated. Contrary to the previous believes it seems that
the hydrodynamic explosion scenario is important for most energetic ions only. The
expansion of slower ions from inner shells is governed mainly by the Coulomb forces.
The model used was also checked to give correct quantitative predictions in the case
of small argon clusters. '

Please contact the corresponding author: Marian Rusek <rusek@ifpan.edu.pl>
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ATTOSECOND PHASE CONTROL OF MOLECULAR WAVE
PACKETS

Y ukinori Sato'?

' Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai, Japan
?CREST FEMD (Lang Project) of JST

The temporal coherent control using a pair of femtosecond (fs) laser pulses is
employed to manipulate molecular wave packets (WPs) created on the A state of HgAr
molecules [1]. The laser pulse (center wavelength 254.4 nm, time duration 300fs)
induces the (4 0", v)=(X '0°, v=0) transition and a WP is generated on the A state. The
WP is a superposition of the vibrational eigenfunctions (v=3, 4 and 5), oscillates with a
period T, =1ps. The two WPs, generated by the pulse pair, interact constructively or
destructively depending on the phase difference given by the inter-pulse-delay 7. The
WP interaction results in a modulation of the A state population. We have achieved
Sattoseconds (as) or higher resolution in tuning 7 and observed almost 100%
modulation depth of the individual vibrational populations. The modulations appear in
harmony with the laser field oscillation cycle (27/w, )~ 848as.

Figure | is obtained by numerical integration of the time-dependent Schrodinger
equation for the HgAr in the field of the double-pulse laser. The modulation in the
probability density with the delay time tuning is shown for the vibrational levels v=3, 4
and 5 in regions 7 =1.5T;;; and 7 = 2T,,. The modulation curves are quite different
between the two regions of 7. For 7 =1.5T,, two WPs crosses with relatively weak
interaction each other. In this case, phase of the modulation for v=3 differs by 7 from
the one for v=4. This suggests a possibility of the rotational quantum operation by means
of the double-pulse phase control. For the delays T =2T,,,, two WPs overlaps well and
interfere significantly each other to results in asymmetric Beutlar-Fano type modulation
profiles. This is a time-domain version of inter-channel interaction.

2
Delay = 1499.947fs + %(—”]

8 [2x
Delay = 2085.000fs + F[_]

3 @, @y

= 1 08

=

@

o= 06

2

E 04 —— 3

o

e 02 | ol

o -5
=& L 0 it

0 4 8 12 186 0 4 8 12 16

n n

Fig. 1 Delay time dependence of the probability density of the 4-state vibrational levels.
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HIGH RESOLUTION STUDY OF DISSOCIATIVE
ELECTRON ATTACHMENT TO CH,Br; AND CCl;Br

A Schramm ', M.-W. Ruf', M. Stano 28 Matejcikz, 1.1 Fabrikant ¥, and H. Hotop '

1 s " . o 1 e 5
Fachbereich Physik, Universitct Kaiserslautern, D-67633 Kaiserslautern, CGermeaiy
2 o ¥ . i ¥ o g . ¥ .
> Department of Chemisivy, University of Bratislava, Bratistava, Slovakia

Using two different experimental setups with mass spectrometric ion detection, we
have investigated dissociative electron attachment e (£) + XV —» X + ¥V~ (DA, short
notation ¥ /X71) to the two dipolar molecules CH;Br; and CCl;Br. Relative DA cross
sections from 0 eV to about 2 eV were measured with a magnetically-guided electron
beam (energy width around 70 meV) and, using the laser photoelectron attachment
(LPA) method [1.2], with very high resclution (energy width = 1 meV) over the electron
energy range 0.2 < //meV < 172. With reference to thermal attachment rate coetficients
[3.4] absolute DA cross sections o(/-) have been derived from the combined
experimental data for the processes Br/CH:Br,, Br/CCL3Br and CI/CCLBr. At
thresholds for vibrational excitation of the CH,Br. molecule, the DA cross section
exhibits pronounced structure due to coupling of the attachment process with scattering
channels: below the vi = | onset for the CBr stretch vibration, a clear vibrational
Feshbach resonance is observed. At low energies, the cross sections o(/2) show an
energy dependence between /2% and 7', in essential agreement with predictions of an
extended Vogt-Wannier (EVW) capture model [5] which includes the long-range
electron-dipole interaction in addition to the polarization force. The measured absoclute
values are, however, substantially smaller than those predicted by the EVW model
Comparisons are made with cross sections and rate coefficients obtained in previous
photoelectron attachment work and in electron beam and swarm experiments. Based on
our joint experimental results for ou(/2), we calculate and report the electron temperature
dependence of the rate coefficients k(7.) for free electron attachment involving a
Maxwellian electron ensemble and a gas at room temperature (¢ = 300 K.

This work has been supported by the Deutsche I'orschungsgemeinschaft and by the
Zentrum fiir Lasermesstechnik und Diagnostik (Universitcl Kaisershauteri).
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EFFECTIVE ELECTRON SCATTERING CROSS SECTIONS FOR ZINC
ATOMS

O.B3.Shpenik. LV .Chernyshova. |

L.Kontros

Institute ol Electron Phy sics. Ukrainian Nat. Acad. Sci.. 88 000 Uzhgorod, Ukraine

L-mail: iepiep.uzhgorod.ua

Collisions ol electrons with Zn atoms have been
studied in many - experimental and  theoretical
papers. Nevertheless. no data are available up (o
date on the eflective elastic clectron seattering
cross sections, and excitation cross sections Tor
lower (including metastable) levels. This is due to
a number of reasons, one ol which being the
problem absolute calibration  of  measured
relative scatlering cross sections,

Here we report on the absolute elastic electron
seatlering and - excitation  cross
sections for the 471~ - and 4P, - levels in Zn
atom as well as their energy dependences within
the 0-10 eV energy range.

The experiments were carried out by a crossed
electron and atomic beams technigue with the use
ol a hypocycloidal electron spectrometer (11EM)
and @ multichanne! e[Tusion atomic beam source. A

ol

Cross  sections

detailed  description of TIEM  design is  given
) | ‘ .
elsewhere’. It comprises (wo  serially  mounted

hypocyeloidal energy  analyzers, st being an
monochromator and the second an
inelastically electron  analvzer.  The
stically scattered electrons were detected by the
walls of the collision chamber. on entrance and exit

clectron

scallered

ol which the diaphragms were placed with the
applied potential close o that ol cathode providing
a barrier for inelastically scattered electrons as well
as for the electrons scattered elastically at the
angles exceeding a certain minimal one.

the  measurements
inelastic electron scattering we have studied the
ionization function Tor Zn the
threshold. The ions produced were detected by an
electrode mounted normally o the atomic beam
direction. A special attention was given to the
selection of the potentials at this electrode in order
o minimize its inlluence on the electron motion in
the collision A constant geometry ol
experiment and the constanl sensitivity ol the
detection unit have allowed the total electron
scatlering cross sections and excitation {unctions
for lower levels to be normalized 1o the absolute
vitlues of the single-ionization cross section lor Zn
atom’, A wpical electron energy spread was 0,13
eV at the incident electron beam current of 10°°A,

Besides ol elastic and

atom close 1o

region.
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Figure 1. The relutive excitation cross section
lor the 4 Pyia-level ol the Zn atom (curve 1)
and the ionization efliciency (curve 2).

Figure | shows the energy dependence ol the
relative electron excitition cross section for the
4P s-level of the Zn atom (curve 1) and the
fonization 2). The energy
dependences of the elastic cross section and  the
excilation cross section ol the 4P, state ol Zn will
be presented at the conlerence.

elliciency  (curve

[he research described in this publication was
made in part under Award No UP2-2118 of the
CRDF.
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ELECTRON EXCITATION OF MERCURY ATOM
SPECTRAL LINES AT meV RESOLUTION

O.13.Shpenik, N.M_Erdevdy. V.S.Vukstich’
Institute of Electron Physics of Ukrainian National Academy of Sciences. Uzhgorod

Up Lo date, rather large number ol works devoted to the electron-impact excitation
of Hg atoms is available [1]. the energy resolution of incident electrons being = 100
meV. We have modified a hypoeyeloidal electron monochromator (HEM) [2] to
produce an electron beam of ~(10-70) meV energy spread. The experimental apparatus
developed on the basis of HEM is automated by means on an IBM PC. HEM is
connected to the collision cell filled with Hg vapors. Optical emission was detected by a
photomultiplier operating in the photoelectron counting mode. Experiment controlling
program allows all the HEM mode to be studied. as well as the photoelectron signal,
clectron beam parameters Lo be detected and results to be primarily processed.

Figures illustrate the measured total excitation functions (EFs) for Hg atom
spectral lines - the unseparated 6Dy = 6Py (A=365 nm) and {67 By = (1“P|)+{ﬁ'D_w =
6 Py) (=313 nm) transitions. Flectran energy spread was 40 and 60 meV, respectively.
and the eneray step was 20 meV.

The analysis ol the results of measurements has shown a good agreement between
our EFs for the 6'Dsz - (&‘P; ransitions (revealing more reach structure) with those ol
one ol the authors [3] obtained at the ~100 meV energy resolution. Ol special interest is
the fact that our El's measured lor the same initial levels have completely ditferent
character. Worthy ol notice is good coincidence of the energy positions ol 12 features in
the measured EFs, The origin of the above [eatures will be discussed at the conference.
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This investisation was supported by the CRDF grant UP2-21 18:6433.
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The polarization model for valence-core correlation in molecules
J. E. Sienkiewicz*, P. Jasik

Katedra Fizyki Teoretycznej i Metod Matematycznych, Politechnika Gdaniska
ul. Narutowicza 11/12, 80-952 Gdarisk, Poland

The valence-core correlation is difficult to calculate because of roughly equal
contributions made by a very large number of virtual core excitations [1]. Neverthe-
less, the dependence of the valence-other-core correlation on internuclear separation
can be critically important to the shape of molecular potential surfaces, particularly
when heavy atoms are involved. We propose an extension to polyatomic molecules
of the simple polarization model used successfully in electron-atom caleulations |2].

The valence-self core correlation is given by term

]
7§ac = WE[EC[SGE >l

where a, is the dipole polarizability of the atom ¢, v, is the n.-electron wavefunction
and E. is the electric field due to all valence electrons and other charged cores,
appropriately averaged over the distribution of ¢. The above term is independent
on the internuclear separation, so it could be accounted for adjusting of asymptotic
energies. In atomic units the electric field at ¢ can be written as

T
EC = Z "@‘X(Tn)n

n L

where X(r) is the cut-off function. A simple way to extiract model polarization
parameters is to average the energy adjustment of a given triple state with that of
corresponding singlet

1
sl< e v+ wlel? > + <P+ wlel) >] =37 < aluiln >,
n

in which (™) and ¢!~} are the singlet and triplet wavefunctions, respectively, v and
w are one- and two-electron (dielectric) terms of the valence-sell core interaction
(—éacEf = v + w), 1, is the one electron atomic orbital centered on ¢. The one-
electron term can be written as

T e W%QCZT;“XE(M).

The emphasis here is on practical techniques which allow application of the model
as a first-order perturbation in the final stage of a CI computation with gaussian-
type orbitals. The model is being applied to the diatomic molecules.
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Critical minima in elastic scattering of electrons from Ar and Zn
J. E. Sienkiewicz'*, S. Telega', P. Syty! and S. Fritzsche?

'Katedra Fizyki Teoretycznej i Metod Matematycznych, Politechnika Gdariska
?Fachbereich Physik, Universitit Kassel

Ab initio relativistic calculations have been carried out to search for minima in
the angle and energy differential cross sections for the elastic scattering of electrons
from argon [1] and zinc (2] (fig. 1). Comparison is made with the recent experiments
[3] and previous computations.

The position of the minima depends very sensitively on the theoretical method
which is used for description. A proper treatment of the exchange potential of the
incident electron with the bound-state density and a rather careful choice of the
target polarization potential is required. A precise knowledge of the critical minima
is also important to the region with the highest degree of spin polarization of the
scattered electrons. Our relativistic approach allows both to compute the minima
of the angle and energy differential cross sections as well as the degree of spin
polarization. The precise measurement of the minimum position is difficult since it
requires a very good angular and energetic resolution. We hope that our results will

be attractive from an experimental point of view since they allow to focus further
experimental effort on certain local areas.

DES (107m’lsn)

Figure 1. Three-dimensional plot of the differential cross section for elastic electron
scattering from zinc.
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EXCITATION CROSS SECTIONS FOR SrII SPECTRAL
LINES EXCITED FROM ATOMIC METASTABLE
STATES BY ELECTRON IMPACT
T. A. Snegurskaya*, M. O. Margitich, I. I. Shafranyosh
Urhgorod National University, Voloshyn street 54, Uzhgorod 88000, Ukraine

Here we report on the experimental data on electron interaction with metastable
strontium atoms providing absolute excitation functions for low-lying spectral lines of
single-charged ion. Experiments were carried out by an optical method with the use of
crossed beams of the metastable Sr atoms (with the ~ 5. 10° em™* concentration) and
monoenergetic electrons. The absolute cross section determination accuracy was 60%.
The experimental technique and method are described in detail elsewhere [1].

Table shows the absolute cross sections for the four spectral transitions in SrII (at the
15 eV electron energy) normalized to that for the A = 481.1 nm line excited from the
metastable state measured by us experimentally {a) and calculated theoretically [2] (b),
as well as to the excitation cross sections for the same transitions excited from the ground
atomic states measured in (3] (c) and [4] (d).

Transition, A (nm) Qis, 10717, em?
528,/ — 52Pajy  407.6 | 10® | 42" | 20° | 264
52810 — 5°Pyy, 4215 | 4 | 17° | o° | 13.5¢
52Pyp —6%Sy; 4305 [1.4* | 6> |45°| —
5?Pj, — 6282 4161 | 0.6* [ 25" |13 —

It is seen that the cross sections differ by several times and this is rather difficult to be
explained at the moment. Nevertheless, note the following. The ionization cross section
out of the metastable states for Sr atom at 15 eV is ~ 2 - 1071% cm? [5]. The sum of the
excitation cross sections for lower ionic spectral lines measured by us is ~ 2. 10719 em?,
and this corresponds to ~ 10% of total ionization cross section, while for Mg atom that
value reaches 30% [1]. However, this is quite consistent, since the strontium ion has the
metastable ?D-state lying below those studied by us, and, therefore, the part of ions is
produced just in these states, the decay of which via the optical channel is forbidden (in
magnesium ion the similar state lies above the resonance levels).

If one takes the cross scctions obtained by other authors as the reference ones, the above
contribution reaches 25-35% (see table), that, in our opinion, is less probable for the Srt
ion (in accordance with mentioned above). The behavior of the energy dependences of
excitation cross sections will be discussed at the conference.
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MASS-SPECTROMETRIC STUDIES OF C;D:NO
MOLECULE IONIZATION BY ELECTRON IMPACT

AV. Snegursky”. AN. Zavilopulo, F.F. Chipev. O.B. Shpenik
Institute of Electron Physics, 21 Universitetska street, 88000 Uzhgorod. Ukraine

Present paper is a continuation of a series of our previous studies on the
production ol jonized [ragments resulted from electron-impact ionization and
dissociative ionization of complex molecules containing isotope-differing species.
Recently we have measured the encrgy dependences ol jonization cross sections lor
benzene (CiHao CuHDs) and pyridine (CsHsN. C:DsN) molecules with a special
emphasis having been given to determination of appearance energics of dissociative
1onization products [1.2].

Experiments were carried out by using a set-up with a quadrupole mass analvzer
providing the £1 a.m.u. mass and +300 meV energy resolution. The beam of molecules
under study was produced by a multichannel effusion source operating in high-vacuum
(10 Torr) conditions. The electron energy was scanned in a stepwise mode with the
0.13 1.26 eV step. The final energy dependences ol jonization and dissociative
lonization cross sections were processed by using the SIGMAPLOT soltware package
allowing the initial areas of ionization curves to be fitted using the least-square method.
Flectron energy scale was calibrated against known ionization threshold for relerence
Ar and Kr atoms providing the calibration accuracy not worse than £500 meV.

Fig. | shows the mass spectrum of the C:D;NO molecule fragments. while {ig. 2
presents the ionization cross section for the parent C:D:NO molecule vs the incident
electron energy. The lack of the data in literature. unfortunately. makes impossible
direct comparison of our results with any available data obtained by other authors. The
discussion of the results will be presented at the Conference.
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LONGITUDINAL SPIN ASYMMETRY IN (e, 2e)
PROCESSES ON ATOMS BY RELATIVISTIC
ELECTRONS

K. K. Sud

Department of Physics, College of Science Campus
M. L. Sukhadia University, Udaipur-313002, India

The investigation of (e. 2e) processes on atoms by spin-polarized electrons offers a
sensitive tool for stringent test of theories by probing different physical mechanisms like
exchange scattering. spin-orbit coupling ot both bound and continuum state, orbital
orientation and alignment ete. as well as their interplay.  In recent years extensive
theoretical and experimental investigations of the (e, 2e) processes on atoms by
transversely polarized relativistic electron beam have been performed [1]. Bhullar and
Sud [2] have computed and demonstrated longitudinal spin asymmetry in triple
differential K-shell ionization of atoms by longitudinally polarized relativistic electrons.
In this talk we will present the results of longitudinal spin asymmetry in {(e. 2e) process
on atoms computed in one photon exchange approximation. We will also discuss the
dependence of the longitudinal spin asymmetry on atomic number of the target and
incident electron eneroy. Finally we will discuss the role of interplay of longitudinal
and transverse interaction between the two active electrons on the asymmetry in (e, 2¢)
processes by transverse as well as longitudinally polarized relativistic electrons.
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Theory for coherent control of quantum system dynamics
M. Sugawara®
Department of Chemistry, Faculty of Science and Technology, Keio University, Japan.

We have developed a general coherent control theory for manipulating quantum sys-
tem dynamics. For designing the external control field, we introduce the performance
index defined as y(t) = y({O1 (1)), (Oa2(t)), - -+, {On(2))) where (O:(t))(i = 1,2,---, N)
denotes the expectation value of the i-th observable. Here, y(t) indicates how well
the current state satisfies the desired physical property. By differentiating y{¢) with

respect to ¢, and considering the the Schridinger equation we formally obtain y(t) as

dy(t) _ &

\ C ) A ~ -~
0 0 (80 _so0m)samciomo) o

where Hy and V denote the system Hamiltonian and the system-field interaction op-
erator. Here, we enforce the operator O (t) to obey the equation of motion, % =
i[@i(t), Hg|. One can realize the monotenous increasing condition of y(t), i.e., y(t) = 0,
by simply setting the external field as u(t) = Ao TV (ay(z}/a(é,-(t))) Im(O;(t)V) with
the positive amplitude parameter Ag.

We applied the present theory for the population dynamics control of the vibrational
states of Hydrogen Fluoride molecule. We aim to realize eq-distributed state over lowest
five vibrational eigenstates {|0),|1),---,|4)}, whereas the initial state is taken to be
the ground state. Shown in Fig. 1(a) and (b) are the obtained control field and the
population dynamics under the field. It is seen that the desired eq-distributed state is
neatly generated by the designed control field.
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Figure 1: (a) Time-dependence of the control field, (b) Population dynamics.
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Electron capture processes in a static electromagnetic field

S. Suzuki'™, T. Shirai®, and N. Shimakura’
'apan Society for Promotion of Science, Tokyo, 102-8471, Japan
*Advanced Photon Research Center. JAERI, Kyoto, 619-0215, Tapan

“Faculty of Science, Niigata University, Nitgata, 950-2181, Japan

Electron capture processes in atomic collisions in the presense of a strong electromagnetic

ficld are of importance in relation to high density plasmas, high intensity lasers. and
astrophysics.  In this study, we have caleulated the electron capture cross sections for

(O+C"™) collision system in the static electromagnetic field.  We used a close-coupling
method with molecular state expansion with the field effect being included up to the first order
terms [1.2]. Twenty-six channels were included in this caleutation: O™(1572s) +C°* (initial
state). (')H(isllp. [s731) +C™ (excited states). and O™ (1s7) +C' (21, 3N (electron-captured
states).

Table 1. shows the field effects of the reduced-differential cross sections for electron
capture in the field directions.  The electric field effect is much larger than the magnetic field

effect when both of the field strength are 0.05 a.u.

Table 1. The rate of increase (o) of the ¢cross
E=0 E/fb  -Eib  Eiv -EiN Eily  -Elfy

sections for electron capture into n=2 stafes of

B=0 0.0 -27.8 +85.1 4227 +117 +09 +0.9 carbon ion at several field directions.  The

B/ +0.1 22760 +854 4242 136 +1.0 +2.8 collision energy. the electric field strength, and

-Bih +0.1 -27.6 +854 242 +136 +2.8 +1.0 the magnetic field strength are  lheV amu.

B/ 0.0 283 4830 1232 4124 <05 434 0.05au (257GVa), and 0.05a.u. (1 1.8kT).
=\ e B O P s -t 4 -

= respeciively. The cross section is 4x1077 cnr
-Bify 0.0 2283 +83.0 4232 +124 +3.4 +0.3

A

at the field free case. The vectors b, v, and »
Biy <01 =302 4867 4235 +10.5 +1.2 +1.

(S}

are the impact  parameter  veclor,  incident

Bify +0.2 -259 4820 +230 4175 +1.0 +1.¢ velocity, and hxv / [y, respectivels
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RELATIVISTIC MULTICONFIGURATION METHOD
IN LOW-ENERGY SCATTERING
OF ELECTRONS FROM XENON ATOMS

Pawel Syty* and Jozef E. Sienkiewicz

Department of Theoretical Physics And Mathematical Methods
Gdansk University of Technology
ul. Narutowicza 11/12, 80-952 Gdansk, Poland

The elastic scattering of slow electrons from Xenon atoms is calculated in a
relativistic multiconfiguration method [1], [2]. The correlation effects responsible
for target polarization are treated in a relativistic configuration-interaction scheme
that allows for dynamics effects. Calculations of the spin polarization and differential
cross sections are discussed and compared with experimental and other theoretical
data.

We define the (N + 1)-electron scattering-state wave function as the coupled state
of an N-electron atormic wave function and a scattering-clectron wave function. The
atomic state wave functions are calculated by the relativistic multiconfiguration
computer code GRASP92 [3]. The transverse Breit interaction is included in these
caleulations, as well as radiative corrections. The continuum orbitals are solutions
of the Dirac-Hartree-Fock equations and are calculated using the modified COWF
code 4], and then coupled with atomic state. The original COWT code [5] has been
rewritten and adapted to run on multiprocessor computers by using MPI paralleliza-
tion. Relativistic phase shifts are calculated by comparing the numerical solutions
of the Dirac-Hartree-Fack equations to the analytical formula at large 7.
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IONIZATION INDUCED BY POSITRON IMPACT

M. Sziuinska and G. Laricchia’
Department of Physics and Astronomy. University College London. Gower Streer,
London WCIE 6BT. United Kingdom

In the scattering of positrons off atoms at low and intermediate energics. the
inelastic processes that may result in target ionization are positronium (Ps) farmation,
direct fonization and annihilation. The latter is particularly topical at present since the
first evidence of vibrational enhancement of positron annihilation in molecules has been
reported [1]. There are also debates in the literature on annihilation mechanisms [2] and
its importance in the vicinity of inelastic thresholds [3.4] There is generally eood
agreement among recent measurements for the energy dependence of the single
lonization cross-sections by positron impact in the noble gases [5]. However, there are
significant discrepancies for Ps formation cross-sections for these targets among various
experimental and theoretical dara.

Ps formation cross-sections in the noble gases have been o subject of recent
study in our group [6]. The lower and upper limits 1o the contribution of excited state
positronium (Ps¥) formation have been obtained and the estimates suggest that the Ps*
formation may oceur more copiously than previously thought [7]. The evaluation of the
upper limits follows our recent finding that plots of Qp/tQp ey Vs, E/Eg, hroadly vield
o common curve for a variely of targets ((Qp.)way being the peak value of the cross-
section and Epcis the Ps formation threshold). Tt is anticipated that these results will he
presented at the conference.

Prompted by the results of [8]. annihilation below the Ps formation threshold for
Ne, Xe and Oz has been studied. The experimental approach relies on the detection of
ions produced by o monoenergetic positron beam in coincidence with annihilation
photons. Details of the experimental method as well as the results obtained will he
presented at the meeting.
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MEASUREMENTS OF ABSOLUTE TOTAL CROSS
SECTIONS FOR ELECTRON SCATTERING
FROM TRIATOMIC MOLECULES

Czestaw Szmytkowski* and Pawel Mozejko

Atomic Physics Division
Department of Atomic Physics and Luminescence
Faculty of Applied Physics and Mathematics
Gdansk University of Technology, 80-952 Gdansk, Poland

The absolute total cross sections for electron scattering from triatomic polar
molecules, H,S, NO, and SO,, were determined from the attenuation of intensities of
energy-selected electron-beam transmitted through the target volume. The electron
beam was formed by an electron-optical system (figure 1) composed of a number
of electrostatic elements: an electron gun with a thermionic electron source, a 127¢
cylindrical monochromator and a system of electron lenses. Electrons of desired
energy I were directed into a collision cell filled with the gas-target. Finally, those
electrons which passed through the exit of the reaction volume were energetically
discriminated with a retarding field element and collected in a Faraday cup. The
absolute total cross section Q(E) was derived from the Bouguer-de Beer-Lambert
attenuation law, where all required quantities (the intensity of electron beam, the
effective path-length of electrons in the target volume, target temperature and its
pressure) were measured absolutely. The results will be presented at the Conference.

EM
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Figure 1: Schematic of the experimental setup: EG, electron gun; EM, electro-
static electron monochromator; EL, electron lenses; CC, collision chamber, and M,
manometer head; RF, retarding field analyzer, and FC, electron collector.

This work was sponsored in part by the Polish State Committee for Scientific
Research (KBN) and by the Ministry of Education.
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THE DIRAC-COULOMB STURMIAN FUNCTIONS:
A TOOL FOR RELATIVISTIC ATOMIC PHYSICS

Radostaw Szmytkowski*

Atomic Physics Division, Department of Atomic Physics and Luminescence,
Faculty of Applied Physics and Mathematics, Gdarisk University of Technology,
Narutowicza 11/12, PL 80-952 Gdarisk, Poland

The Schrodinger—Coulomb Sturmian functions, popularized by Rotenberg [1],
have been proved to be a valuable tool for solving various problems in non-relativistic
atomic physics. Their relativistic counterparts are the first-order Dirac—-Coulomb
Sturmian basis sets, constructed recently by the author [2, 3, 4, 5].

The radial Dirac—Coulomb Sturmian functions are non-trivial solutions of
a Sturm-Liouville problem constituted by two coupled first-order radial Dirac—
Coulomb equations augmented by appropriate boundary conditions at zero and in-
finity. Two kinds of the Sturmian functions are found depending on the way in which
an eigenvalue parameter is chosen. For |E| < mc? the Sturmians form discrete func-
tional sets which are complete in the space of two-component spinor functions. The
Sturmians of either kind obey two orthogonality and two closure relations. They
are ideally suited for constructing a discrete expansion of the Dirac—Coulomb Green
function (2, 3, 4].

The Dirac-Coulomb Sturmians may find wide applications in relativistic atomic
physics and in QED. For instance, the Sturmian expansion of the Dirac-Coulomb
Green function may be used in calculations based on the perturbation theory. We
have illustrated this by evaluating analytically static [2] and dynamic [6] electric
dipole polarizabilities and a static magnetizability [7] of the relativistic hydrogen-
like atom in the ground state. Other examples of applications of the Dirac-Coulomb
Sturmian functions in relativistic atomic physics will be presented at the Conference.
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Study on Multi-Charged Xe Ions Formed Through 3d Hole States
Using a Coincidence Technique

Y. Tamenori!, K. Okada?, S. Nagaoka®, T. Tbuki**, S. Tanimoto®, Y. Shimizu®,
A. Fujii’, Y. Haga®, H. Yoshida®, H. Ohashi' and I. H. Suzuki®

! Japan Synchrotron Radiation Research Institute, 1-1-1 Kouto, Hyogo 679-5198, Japan
 Graduate School of Science, Hiroshima University, Higashi-Hiroshima, 739-8526, Japan
* Faculty of Science, Ehime University, Matsuyama 790-8577, Japan
4 Kyoto University of Education, Kyoto 612-8522, Japan
* Faculty of Engineering, Miyazaki University, Miyazaki 889-2192, Japan
®National Institute of Advanced Industrial Science and Technology, Tsukuba 305-8568, Japan

Multiply charged Xe ions produced through photoionization of a 3d electron have
been measured using the coincidence technique. The coincidence measurement
between the energy selected Auger electron and ions specifies the individual Auger
decay channels for the various multiply charged ions [1].

The non-coincidence time of flight spectrum (Total TOF) and Auger electron
photoion coincidence TOF spectra observed at the photon energy of 709 eV are shown
in Fig.1. The selected Auger electron energy is indicated at the right end of each panel
in order of the kinetic energy of the Auger electron.
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Fig.1. Coincidence TOF mass spectra of
multi-charged Xe ions.

These spectra consisting of several
charge-state ions indicate that the
number of the charge in Xe ions
increases with the decrease in the
Auger electron energy. In other words,
the charge number does increase with
the increase in the Auger final state
energy. The electron kinetic energy
selected with the electron spectrometer
was 632 eV in the second top panel,
where the Mis07:073 and Mys0,02;
decay takes place, yielding Xe*" and
Xe** Only triply or quadruple-charged
ions are formed through the Auger
decays of MasNysO )23, and MasNasNas,
respectively. The MasNa3Nas  Auger
decays yield Xe** dominantly.

These findings indicate that most Xe ions produced through the initial Mys Auger
transitions turn into the highest charge state among energetically accessible states
through subsequent successive Auger decays. However in the MassNiNyss and
M.sN53Nap; decays the intensity ratio of Xe*™ with Xe®" depends on the energy level of

the Auger final states.
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Nonlocal Effects in Associative Electron Detachment for
Low-Energy H4+X~ Collisions (X= Cl and Br)

F.A.U. Thiel'™, S. Zivanov?, M.Cizek!, H. Hotop!, J. Hordéek! and M. Allan’

tDepartrnent of Physics, University of Kaiserslautern, D-67653 Kaisersloutern, Germany
 Institute of Theoretical Physics, Charles University Prague, 1800 00 Praha 8, Czech Republic
§ Department of Chemistry, University of Fribourg, CH-1700 Friboury, Switzerland

A recent theoretical treatment [1] of associative electron detachment in low-energy
collisions, H + X (E) — HX(v,J) + e (e) (where Eyq is the center-of-mass
collision energy and £ the energy of the departing electron), concluded that the use
of the nonlocal rescnance theory is essential for describing these processes for X=F,
Cl and Br. It leads to a prediction of the distribution of the final states (v, J)
differing qualitatively from that of the simpler local complex potential theory.

The nonlocal theory predicts two kinds of features to occur in the energy spectra
of the departing electrons: step-like structures associated with rovibrational onsets
and steep rises which are associated with interchannel coupling and which are not
present in the local complex potential theory. Our experimental spectra [2] confirm
the presence of hoth types of structure and, thus, the necessity of including nonlocal
effects to properly describe the associative electron detachment.

Figure 1 shows an experimental energy spectrum of electrons detached in H + Br~
collisions compared to the nonlocal theoretical prediction (smooth line). The ro-
tational onsets are marked by vertical bars and the corresponding values of v. In
addition, the cross section for v = 0 rises at a given J as a consequence of the
closure of the v = 1 vibrational channel and this 'nonlocal step’ is marked with Sg.
In Figure 2 the resulting spectrum from H + Cl™ collisions is depicted. In this case
the highest accessible vibrational level is v = 2 and the nonlocal steps can be found
both in the v = 0 and v = 1 channel. Both experiments clearly confirm the nonlocal
steps Sp and S, which are missing in a local complex potential model calculation.
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Figure 1: H--Br~ collisions Figure 2: H+Cl™ collisions
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Theoretical investigation of the autoionization process
in the molecular collision complex Ar*(4s 3Py o)+H

Linda Thiel*, Hartmut Hotop! and Wilfried Meyer®*

Fachbereiche 'Physik und ?Chemie, Universitit Kaiserslautern
Erwin-Schrodinger-Strafie, D-67663 Kaiserslautern, Germany

Penning systems like the basic collision system He*(22S)+H, in which only rela-
tively fast electrons occur, can be well described by the local complex potential
theory within the Born-Oppenheimer approximation [1]. In thermal energy colli-
sions of metastable Ar* with H, ionization is only possible through ArH* formation
(associative ionization, AT) resulting in slow and threshold electrons [2].

Two mechanisms are discussed to de-
scribe the Al process:

(1) a direct ionization mechanism ;] AR
where the collision system propagates 3
along a diabatic potential energy curve
which crosses at short internuclear dis-
tances into the electronic continuum
and ionization can take place by elec-
tronic coupling,

(2),(2) a two-step ionization mecha-
nism where Rydberg states are popu-
lated first which then can autoionize by
vibrational or rotational coupling.

We have calculated diabatic potential
energy curves for the resonance state
Ar*H and the low-lying Rydberg
states including spin-orbit coupling
in the Ar™ core. The figure shows
the obtained potential curves of ArH 1~ :
for @ = 1/2. The dashed potentials e e ]
correspond to Rydberg states, the thick
lines indicate the two potentials responsible for the AI process and the thin lines
are the repulsive potentials belonging to the Ar*H asymptote. For the direct ioniza-
tion mechanism, we have calculated electron energy spectra using a local complex
potential obtained by Feshbach projection.

v

Ar*+H
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DISSOCTATION ENERGIES OF
PROTONATED WATER CLUSTERS

T. Wroblewski', L. Ziemezonek' . E. Guazda'~. G. P. Karwasz'”

'Institute of “Physics. Pomeranian Pedagogical Academy, 76-200 Stupsk
Fdwh\ of Applied Physics and Mathematics, Gdansk Univ ersity of Technology
*Istituto Nazionale per la Fisica della Materia. 38050 Povo (TN), Ttalia

Hydrated ions and ionic water clusters are the subject ol increasing interest. both
experimental and theoretical (see [1] for references). Protonated water clusters
constitute the most abundand ionic species in the low stratosphere; water ions are
important in atmospheric nucleation and chemical reactions. In spite of numerous
rescarch the very existence of certain protonated water oligomers in the atmospherice
conditions and in particular their dissociation energies are uncertain.

We note two conceptually opposite practical approaches for generating water
clusters: from a macroscopic liquid phase by dispersion, for example in electrospray
method and by aggregation. for example in supersonic beams. In the present work we
present a different approach. allowing to select “smoothly” protonated water clusters
H (H:0), with #=1-7. Clusters are tormed in electrical HF or DC disch WWree Iin pure
water vapour at room temperature and at pressure in a few hPa range. These clusters
and/or water ions cnter the drift region, with a constant electric field, where they
undergo multiple collisions with neutral water molecules. reaching at a given pressure
and field intensity a statistical equilibrium between clusters with different #, see fig. 1.
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This statistical equilibrium is determined by the kinetic energy gain from the
field. by the cross section for interaction between ionized clusters and neutral water
molecules and by dissociation energies of clusters. Normalizing the population curves
o the same values of the reduced electrical field, dissociation energies in a good
agreement with recent experiments [2] and theories [3] can be obrained.
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EXPERIMENTAL APPARATUS FOR STUDYING THE VI
GROUP ATOMS IONIZATION BY ELECTRON IMPACT

AN, Zavilopulo'. O.B. Shpenik, F.F. Chipev, A.V. Snegursky
Institute of Electron Physics, 21 Universitetska street. 88000 Uzhgorod, Ukraine

During last decade our group has been working on the studies ol electron-impact
ionization of atoms and molecules with the use ol a quadrupole mass-spectrometer.
Despite the high quality of this device, its use for studying the ionization of certain
metal atoms and their compounds producing under condensation the diclectric layers at
the mass-analyzer electrodes is quite complicated problem. Nevertheless. in a number of
practical applications we deal with o necessity to obiain reliable data on the fonization
of just such atomic systems. in particular, the VI group elements (S. Se, Te). the data on
atomic constants lor which are rather scarce. The above elements are being widely used
as basic components of complex semiconductor compounds, including erystalline ones.

To study the processes ol single and multiple ionization we have developed an
experimental apparatus with magnetic ion separation. The schematic layout of the
apparatus is shown in the ligure. It consists ol an ion source, a magnetic mass-analyzer,
a power supply system and an ion detector. To produce the ion beam we have designed
an ion source with a V-shaped tungsten {ilament cathode, three electrodes with relevant
apertures and an electron detector, The longitudinal magnetic field is produced along
the electron beam axis allowing the electron beam geometry 10 be kept within a wide
energy range, Thus, at certain electron energies the effective ionization cross sections
could be studied. In future, the clectron gun would be replaced by a hypocycloidal
electron monochromator to provide the improved electron beam energy resolution.
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The introduction of an atomic beam and laser radiation into the collision region
(see figure) would allow the ion-atom collision processes 10 be studied in the strong
laser (ields. One more specific leature of the ion source is |
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A NOVEL SET-UP FOR POSITRON
SCATTERING IN GASES

AZecea', R.S.Brusa', M Bettonte'. E.Rajeh’ . S.Mariazzi' and G.P Karwasz

'Dipartimento di Fisica, Universita di Trento, 38050 Povo (TN), Tralia
*Institute of Physics. Pomeranian Pedagogical Academy. Arciszewskiego 22b.
76-200 Slupsk
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A novel set-up for measurements of total cross sections for positron (and elec-
tron) scattering at low energies (1-10 eV) has been developed. Sodium Na™ isotope and
I micrometer thick tungsten monocrystal are used as a source for slow positrons (and
secondary electrons). The optical system consists of a first stage, wide-angle clectrosta-
tic optics. a 90° clectrostatic spherical deflector [1]. a remoderator stage [2] and a sim-
ple injection optics formed by three aperture electrodes. The injecton optics is projected
to work in a time-of-tlight regime.

A weak longitudinal magnetic field, used in focusing conditions [3]. guides po-
sitrons though 10 em long scattering cell. The detector (channeltron) is movable, in or-
der to allow measurements of both total and partial (vibrational-excitation) cross sec-
tions. An about 73% transmission efficiency has been obtained for slow positrons
through the second stage of optics and about 10% remoderation efficiency. The prelimi-
nary estimate of the energy resolution of the apparatus. without time-of-flight stage ap-
plied is about 130 meV.

SOURCE
MODERATOR ¢

T DETECTOR REMODERATOR DEFLECTOR

™ J .
M e kS (B
| £ " 7\ i |

,;_z[LJL" St
g (11 \Fw e

T — SCATTERING CELL i i

References

[1] R.S.Brusa. G.P.Karwasz, M.Bettonte. A Zecca, Applied Surface Science 116
{1997} 59-62

[2] R.S.Brusa, W.Deng. R.Checchetto, G.P Karwasz, A Zecca, Appl Phys.Lett.
76 (2000) 1476

[3] A Zecca. R.S.Brusu. M.P.Duarte-Naia. G.P.Karwasz, J. Paridaens. A.Piazzu.
G.Kogel, P Sperr, D.T.Britton, K.Uhlmann, P.Willutzki. W.Triftshauser,
Europhysics Lett. 29 (1995) 617-22

karwaszieseience. unitn. it

133



B-48

EXCITATION OF THE !A,(V'B,) STATE OF

CARBON DISULFIDE BY ELECTRON IMPACT
Mariusz Zubek”*

Department of Physics of Electronic Phenomena
Gdansk University of Technology, 80-952 Gdansk, Poland

Excitation of the valence (27,)3(3my) 1A,(V'Bs) state of carbon disulfide (CSz) has
been studied by electron impact optical method. The measurements have been carried out
using an electron trochoidal spectrometer described previously [1]. The energy selected
electron beam with the energy spread of 120 meV and beam intensity of about 250 nA
is accelerated into the collision region filled with vapour of carbon disulfide. Molecular
optical emission from the collision region in the 300-600 nm wavelength range is analysed
by the 0.25 m Ebert monochromator equipped with a grating blazed at 300 nm and is
detected by a cooled 9813QB photomultiplier.

Figure 1 presents excitation cross section of the 'A,(V'B,) state obtained in the
electron energy range from 3 eV to 12 eV from measurements of emission excitation
functions taken at fixed wavelengths. Three pronounced maxima at 5.9 eV, 8.2 eV and
10.1 eV and a weaker structure at 4.8 eV are seen in the energy dependence of the cross
section which excitation threshold has been determined to be at about 3.6 eV. Dressler et
al [2], in their electron scattering experiment observed two overlapping peaks below 7.5
eV which correspond well to the present observations. The structures in the excitation
cross section of the 'A, (V! By) state result from decay of core-excited shape resonances
which most likely electronic configurations are (2m,)*(3m,)* and (274) (37y) (Ta, or 60y).
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Figure 1: Cross section (in arbitrary units) for excitation of the 1AL (V! B,) state of
carbon disulfide.
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PARTICLE-IN-CELL MONTE CARLO (PIC-MC) SIMULATIONS OF
PLASMA-WALL INTERACTIONS

A.CENIAN, A.CHERNUKHO* and C.LEYS®

Institute of Fluid-Flow Machinery, Polish Academy of Sciences,
80-952 Gdansk, Fiszera 14; Poland, e-mail:cenian@imp.pg.gda.pl

*Heat and Mass Transfer Institute, P.Brovki Street 15, 220072 Minsk, Belarus
* Department of Applied Physics, RUG, Ghent, Belgium

The plasma-wall interactions are of great importance when studying a problem of a
floating wall, an anode zone in gas discharge or a diagnostic probe embedded in plasma. Its
relative importance increases when bulk plasma dimensions or species concentration
decreases, i.e. when the frequency of bulk processes become comparable with rates of specie-
wall interaction.

There are various approaches to investigate plasma-wall interactions. Generally, they are
based on solution of Boltzmann (or its moments i.e. continuity, momentum and energy
conservation-equations) and Poisson's equation. In Monte Carlo based models, the solution of
Boltzman equation is substituted by numerical integration along the particle trajectories using
probability laws and related cross sections. Particle-in-cell Monte Carlo models solve
Poisson’s equation using density of charged “quasi-particles” in grid points determined by
MC trajectories. Each “quasi-particle” represents large number (~10°-10'°) of electrons,
positive and negative ions moving in the electric field determined by solution of Poisson's
equation. A simulation box is divided by computational grid, with spacing % Aip often
assumed. The number of grids points considered vary between few hundreds and thousands.
The particle close to the simulation box boundary are removed (or specular-reflected) while
particle injected at the boundaries are added to the simulations. The collisions in MC
trajectories are treated as instantaneous processes govern by probability law related to the
measured cross sections. The various approximations are applied in order to make problem
computationally treatable.

In this work, the results of planar 1 — dimensional
(ID) PIC-MC model [1,2] and the 1d3v PIC-MC model
[3] are briefly presented and discussed.

T L T L] T
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3 . ] Figure 1 presents the charged particle densities and
3 the profile of electric field-potential as calculated using
;?Dﬂ -{ the 1D planar model [1,2]. In that model, a Boltzmann
S i | density profile is assumed for electrons. The plasma

potential may be significantly disturbed even at the
distance larger than 20 Ap, while sheath lengths was in the

1 ; 5 order of ~ 74p.
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Photoelectron angular distributions of rotationally resolved states in para- H,” : A closer look
at the dynamics of molecular photoionisation.
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Molecular hydrogen is both the simplest and most abundant molecule in the universe. The
interaction of this molecule with a photon of sufficient energy can lead to various processes, such as
direct and indirect ionisation, dissociation and fluorescence. In spite of the molecule’s simplicity,
the photoionisation spectrum of H; presents a wealth of rich structure above the first ionisation
threshold due to the presence of autoionising states [1]. This structure dominates the weak
continuum of direct ionisation. These autoionising states decay by the transfer of energy and
angular momentum from the molecular core to the excited electron in a process known as
rovibrational autoionisation [2]. In a recent experimental study, at the GASPHASE beamline, we
have measured photoelectron angular distributions for ionisation into the four lowest vibrational
levels of H;", over the photon energy range that includes the dominant autoionising resonances. For
the first time we have been able to measure angular distributions of photoelectrons produced in
individual rotational transitions.

Para-H; has been used to facilitate the isolation of individual rotational levels. The para-H;
was produced at the beamline using a conversion technique based on the use of a paramagnetic
catalyst, granulated nickel sulphate (NiSO,), maintained at low temperature (~20K) [3]. In order to
study the angular distributions of the photoelectrons with the necessary energy resolution a
photoelectron spectrometer of mean radius 165 mm was employed. The spectrometer featured a
magnetic angle changer device [4] that allowed angular distribution measurements to be obtained
without physically moving the analyser.

The angular distribution measurements in para-H, have allowed us to determine variations
in the asymmetry parameter (B} of photoelectrons produced in different rotational transitions as a
function of photon energy. Preliminary analysis of the data shows sharp variations of the f-
parameter across the resonance energy region. This behaviour is indicative of the complex angular
momentum exchanges between the core and the autoionising electrons. We hope that these first
observations at the individual rotational level will stimulate further theoretical calculations of these
B-parameter variations [5]. Theories that have been successful in the prediction of total
photoionisation features, are more challenged in their ability to predict differential cross sections.
State selected measurements, such as those obtained in the present work present an ideal test bench
for these theories,
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EQUILIBRIUM ELECTRIC CHARGES OF HEAVY IONS

WITH Z = 89 + 116 TRAVERSING DILUTE HYDROGEN

Yu.Ts. Oganessian, V.K. Utyonkov', Yu.V. Lobanov, F.Sh. Abdullin, A.N. Polyakov,
LV. Shirokovsky, Yu.S. Tsyganov, A.N. Mezentsev, S. Iliev, V.G. Subbotin,
A.M. Sukhov, G.V. Buklanov, K.Subotic, and Yu.A. Lazarev
Joint Institute for Nuclear Research, 141980 Dubna, Russian Federation
K.J. Moody, I.LF. Wild, N.J. Stoyer, M.A. Stoyer, R.W. Lougheed, and C.A. Laue
University of California, Lawrence Livermore National Laboratory, Livermore,CA
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Using the Dubna gas-filled recoil separator we measured the mean charge states of
heavy atoms with Z= 289 through 116, traversing hydrogen at 1 Torr in the velocity
range of 1 to 2.6 v/vy, where vy is the Bohr velocity. In the first approximation, the
average charges follow an empirical linear dependence on the velocity (see Figure 1), in
agreement with Bohr's theory [1].
The atoms under study were

obtained as evaporation residues g B *w
(EVRs) of compound nuclei produced Paa Hs e 4

in complete-fusion nuclear reactions 6 e Mz ‘}%ﬁ
between beams of accelerated heavy Fivoy, e %

ions and heavy target atoms. The s
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Line fit:

projectile particles were delivered by
the U400 cyclotron of the Flerov
Laboratory of Nuclear Reactions in
Dubna.

After emerging from the target layer,

Average charge g
a

the heavy atoms retain a relatively low 2 °+ * g =326wly,-138
number of electrons and thus have a '

correspondingly large electric charge. YE IE 1% 4 T % a6 1 9% ok
Furthermore, the distribution of the Velocity v,

ionic charge states is quite broad. Due

to charge exchange in consecutive Figure 1. Systematics of the equilibrium charge

collisions with the gas atoms, the states of heavy atoms in dilute hydrogen vs viv.

distribution of the electric charges

rapidly becomes narrower and the mean charge decreases to the equilibrium value <g>.
The average charge states of the EVRs were measured in the experiments aimed at

the synthesis of isotopes of heavy and superheavy elements [2,3] and in the reactions

used for calibration of the detection system and the separator.
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