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PREFACE

This book contains the Contributed papers and abstracts of the Invited lectures,
Topical invited lectures and Progress reports to be presented at the 23" Summer
School and International Symposium on the Physics of Ionized Gases — SPIG 2006.
The symposium will be held in National Park Kopaonik, Serbia, from August 28 to
September 1, 2006. The meeting is organized under the auspices and with the support
of the Ministry of Science and Environmental Protection, Republic of Serbia. The
conference is at the list of European Physical Society (EPS) sponsored conferences.

The Invited lectures and Contributed papers are related to the following
research fields: Atomic Collision Processes, Particle and Laser Beam Interaction with
Solids, Low Temperature Plasmas and General Plasmas. The length of Contributed
papers is limited and each is supposed to present an original work with sufficient
amount of scientific information. The Scientific and Organizing Committees believe
that this conference manages to maintain the high scientific level of contributed papers
and invited speakers in accordance with SPIG’s long tradition.

The Editors would like to thank the members of the Scientific and Advisory
Committees of SPIG 2006 for their efforts in proposing the invited lectures and
progress reports, review of the contributed papers and selection of 12 papers for the
oral presentation. We acknowledge the EPS sponsorships granted trough East West
Task Force scheme. Also, we are grateful for the support of our sponsors Kryooprema
d.o.o. and EUnet d.o.o. Especially we acknowledge the support of all members of the
Organizing Committee who contributed a lot to the preparing and running of the
conference.

The participants have been asked to send their papers camera ready, so no
typing, spelling and grammatical errors have been corrected in the course of
preparation of this book. The Editors apologize for all mistakes that emerged from the
software problems in the process of printing.

Finally we would like to thank all the invited speakers and the participants for
taking part in this year’s SPIG, to wish them to have a pleasant stay in Kopaonik, and
to gain additional momentum and ideas for the future work.

Belgrade, August, 2006 Editors
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23rd Summer School and International Symposium on Physics of Ionized Gases

Electron Impact Excitation of the 6p7s *P; State
of Pb Atom at Small Scattering Angles:
Generalized Oscillator Strengths

S. Milisavljevié, M. Pardovska, D. Sevié, V. Pejéev”, D. M. Filipovi¢™
and B. P. Marinkovi¢

Institute of Physics, P. O. Box 68, 11080 Belgrade, Serbia
‘Faculty of Natural Sciences, Radoja Domanovica 12, 34000 Kragujevac, Serbia
“Faculty of Physics, University of Belgrade, P. O. Box 368, 11001 Belgrade, Serbia

Abstract. Electron impact excitation of the 6p7s *P; state of Pb atom has been experimentally
investigated at incident electron energies of E, = 10, 20, 40, 60, 80 and 100 eV and small
scattering angles up to 10°. Measured angular distributions of the scattered electrons were
converted into relative differential cross sections (DCSs) by using the appropriate effective
length correction factors. Generalized oscillator strengths (GOSs) for this transition were
calculated from the DCS values. The forward scattering function method (FSF) has been used
for determination of the absolute GOS and DCS values.

Keywords: Lead, electron excitation, generalized oscillator strengths.
PACS: 34.80.Dp

INTRODUCTION

Lead atom can be regarded as an interesting target from the point of view of studies
of electron atom scattering processes. This is a heavy open-shell atom having nuclear
charge equal to 82 and thus, electron scattering by this atom should show relativistic
effects. Since lead has been identified in different astrophysical objects, solar and
stellar spectra as well as in the interstellar medium, electron impact excitation cross
sections for Pb atom are very important for astrophysics. Pb lines observed in the solar
photosphere and chromosphere and in spectra of other stars have been used for many
abundance determinations and for the determination of the chemical composition of
these objects.

This paper extends our previous work on Pb [1-3] by providing new scattering data
for this atom. Inelastic collision leading to the excitation of 6p7s °P; state from the
ground state 6p” *P, have been studied experimentally at incident electron energies of
10, 20, 40, 60, 80 and 100 eV and scattered electrons were detected over the angular
range from 1° to 10°. Here we present generalized oscillator strengths (GOSs) for the
6p* *Py ™ 6p7s P, transition calculated from the measured relative differential cross
sections (DCSs) and normalized using the forward scattering function (FSF) method.
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EXPERIMENT

The new inelastic scattering data for Pb atom excited to the 6p7s P, state by
electron impact are obtained using the same experimental set-up as for the Mg [4]
experiments. The experiment was carried out using a crossed electron-atom beam
technique in the electron spectrometer “ESMA”. A more detailed description of the
apparatus and operating conditions has been given elsewhere [3, 4].

Before each measurement the energy loss spectra were obtained to verify the
absence of double scattering. Then, angular distribution of scattered electrons was
measured at small scattering angles. The position of true zero was determined and
checked according to the symmetry of scattering intensities at negative and positive
angles between -10° and +10°. Effective path length correction factors [5] for our
scattering geometry and experimental conditions converted the measured intensities to
relative differential cross sections. In order to put results on an absolute scale, we
normalized the relative DCSs as it is described by Felfli and Msezane [6] using the
FSF method introduced by Avdonina ef al. [7]. The FSF curve terminates at optical
oscillator strength (OOS) for the 6p7s P, state. We used the OOS value of 0.26 by
Biemont et al. [8]. Relative DCSs were converted to the generalized oscillator
strengths (GOSs) according to formula:

GOS(K,E)= %lf—"KzDCS(E,G)

S

where @ is the excitation energy, k; and &, are the electron momenta before and
after the collision and momentum transfer squared is given as:

K*=2E2-2-2 1-2cos0
E E

where E is the impact energy. Atomic units have been used. Obtained GOS values
were fitted and extrapolated at small values of K* obtained from zero scattering angle
and normalized to the FSF. Normalization factors obtained in this way were used to
obtain absolute DCS values.

RESULTS AND DISCUSSION

An energy loss spectrum of lead at impact energy of 10 eV and at scattering angle
of 10° is shown in figure 1. Overall system energy resolution (FWHM) of about 120
meV was maintained in order to observe resonance structure at 4.375 eV. Features
observed in the spectrum are assigned according to Moore [9].

Generalized oscillator strengths for the excitation of the 6p7s *P; state versus the
squared momentum transfer at all energies are shown in figure 2.
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Atomic Collision Processes
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FIGURE 1. Energy loss spectrum of lead at 10 eV electron-impact energy and 10° scattering angle.
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FIGURE 2. Generalized oscillator strengths (GOS) for the 6p7s *P, state of lead atom versus
momentum transfer squared (K?) at energies indicated ; *, the appropriate minimal values of K 0 [J ,
forward scattering function (FSF) generated using the optical oscillator strength (OOS) value of 0.26

obtained by Biemont ef al. [8].
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The minimal values of squared momentum transfer slide down the forward
scattering function curve as the energy decreases, from 0.0036 at 100 eV to 0.0459 at
10 eV and this behavior is predicted by theory [7]. According to the same theory, GOS
values should be fitted by straight lines but in our case GOS values do not follow this
prediction especially at E > 20 eV. As one can see, normalized GOSs rapidly decline
when the electron energy increases. Electron energy of 10 eV is at the limit of validity
for this normalization technique, defined as approximately 2.5 times the excitation
energy.

Absolute DCS values we will present at the conference.
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