Depamhent of Physncs,
Faculty of Sciences and Mathematics,
- University of Nis

Nis, Yugoslavia




21* Summer School and International
Symposium on the Physics of Ionized Gases

21% SPIG

sponsored by the European Physical Society

CONTRIBUTED

PAPERS

&
ABSTRACTS OF INVITED LECTURES,
TOPICAL INVITED LECTURES AND PROGRESS REPORTS

Editors:

M. K. Radovié and M. S. Jovanovic
Department of Physics,
Raculty of Sciences and Mathematics,
University of Nik

Nit, Yugoslavia



CONTRIBUTED PAPERS &

ABSTRACTS OF INVITED LECTURES,

TOPICAL INVITED LECTURES AND PROGRESS REPORTS
of the

21* SUMMER SCHOOL AND INTERNATIONAL
SYMPOSIUM ON THE PHYSICS OF IONIZED GASES

August 26 — August 30, 2002, Sokobanja, Yugoslavia
YU ISBN 86 — 83481 - 07 - 7

Editors:
M. K. Radovic¢ and M. S. Jovanovié

Publisher:

Department of Physics,

Faculty of Sciences and Mathematics,
University of Ni§,

Yugoslavia

Front cover design: Bosko Aleksié

© 2002 Dept. of Physics, Faculty of Sciences and Mathematics, University of Ni%

All rights reserved.

No part of this publication may be reproduced, stored in retrieval systems,
in any form or any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior permission of the copyright owner.

Printed by:
SVEN

Impressio: 210 copies



M. Dimitrijevié¢
S. Buckman

I, Jureta

G. Malovié

M. Kuraica

Lj. Had%ieveki

21% SPIG

SCIENTIFIC COMMITTEE

N. Bibi¢, Chairparson, YU
T. Grozdanov, Vice-chairman, YU

YU T. Makabe
AUS K. Licb
YU $. Djurovié
YU 1. Vranje¥
YU N. Nedeljkovic
YU M. Radovié
ADVISORY COMMITTEE
B. Milié M. Popovic
N. Konjevié M. Milosavljevié
J. Purié " ). Labat
B. Perovié B. Stanic
B. Marinkovid Z. Petrovic
M. Skorié
ORGANIZING COMMITTEE
M. Radovié, Chairman
D. Dimitrijevid, Secretary
M. Jovanovic A. Maluckov
D. Gaji¢ 1. Karamarkovid
1. Manlev

LEEEE



DIFFERENTIAL CROSS SECTIONS FOR ELASTIC ELECTRON
SCATTERING BY ARGON IN THE ENERGY RANGE OF THE THIRD
CRITICAL MINIMUM

A. R. Milosavljevié, D. Sevié and B, P, Marinkovié

Institute of Physics, Belgrade, P. O, Box 57, 11001 Belgrade

Abstract, We present the preliminary obtained results of both angular and impact energy
dependence of differential cross sections (DCS) for elastic electron scatiering by argon in the
angular range of 40-130 degrees and the energy range of 100-150 eV where the critical point
in DCS should be expected. The resnlts are compared with the available expetimental data.
Also, the positions of DCS minima as a function of impact electron energy were plotted and
results were compared with the available experimental data and the recent thearetical data of
Sienkiewicz et af [1].

1. INTRODUCTION

Elastic scattering of electrons on argon has been extensively studied and a large number of
both experimental and theoretical data are available. Moreover, the determination of critical
points where the DCS attaing its smallest values has been of the greatest interest. These
minima are important as a sensitive test of experimental-theoretical agreement and give good
possibilities for testing the experimental procedures as well a theoretical models, The DCS
minima have been measured most recently by Panajotovié ef al [2] and two critical points
were found to be at 68.5 °, 41,30 eV and 143.5 °, 37.30 V. These results are in very good
agreement with the later theoretical calculations of Sienkiewicz er al However, by the
expetimentally obtained preliminary results of Kessler ef af [3], the third critical point was
also found to be at 120.9 °, 132,3 e¢V. This minimum was above the energy domain of
Panajotovi¢ et al The essence of our effort was the measurement of relative DCSs in this
energy region and with a good angle resolution in order to investigate positions of minima in
the elastic electron-areon acattering.



2. EXPERIMENT

The results we present were obtained on the apparatus “UGRA”, placed in the Laboratory of
Atomic Collisions, Institute of Physics, Belgrade. 1t is an electron spectrometer and has three
main sub-units: 8) electron gun, b) electron (ion) energy analyzer and c) electron (ion)
detector. Also, the primary electron beam collector can be added. The effusive molecular
beam for the “cross-beam” experimental technique is obtained by passing target gas through a
nonmagnetic, stainless steel needle placed perpendicularly to the incident electron beam. The
clectron gun produces nonmonoenesgetic, collimated electron beam of up to 2 PA in the
energy range from 20 to 500 eV. It is fixed on a turntable and can be rotated around the gas
needle (i.e. interaction chamber axis) in the angular range from - 30 ° 10 + 130 °. All elements
described above are placed in the vacuum chamber and turbo-molecular pump is used for
achieving the background pressure of about 3 X 10 -’ mbar. The double | - metal shicld
reduces the Earth and other magnetic fields to less than 2% 10 ™" T.

The energy distribution of electrons (ions) leaving the interaction chamber is obtained
by an analyzing system which consists of four-clement electron lens and double cylindrical
mirror analyzer (DCMA) with an energy resolution of Ae/e = 0.03. Electrons (ions) that pass
the analyzer are detectéd by a channel electron multiplier in the single counting mode.

The DCS at each point (defined by concrete values of impact energy and gcattering
angle) was obtained by integration of count rates in the clastic energy loss spectrum
nommalized by the scanming time. Due to the high energies of scattered electrons and
nonmonoenergetic incident electron bearn the overall energy resolution of the system was
about 1.5 eV, It was more than sufficient to separate elastically scattered electrons from the
inclastic ones. The angular resolution was estimated by comparing our results with the
Panajotovié er al ones and it was found to be less than 2 *. The true zero scattering angle
position was calibrated from signals of inelastically scattered electrons in the 25"t0+25°
angular region. The correction was made for each measurement of DCS. We have not yet
performed exact energy calibration of the system. However, the rough estimation can be done
sccording to the linear dependence of DCMA voltage as a function of the selected electron
energy. This function is defined by the design parerneters of DCMA and was experimentally
investigated by Cubrié (4],
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3. RESULTS

3.1. Angular dependence of DCS

We have measured angular distributions of electrons elastically scattered by argon in the
angular range of 40°-130° at incident energies of 100, 105, 110, 115, 120, 125, 130, 135, 140
and 150 eV. We present the relative DCS at energies of 100 eV and 150 eV in Fig. 3.1. and
Fig. 3.2. At these energies our results are compared with the previous obtained experimental
data. A very good agreement was achieved, although the minimum of Williams ez al [6]
appeared to be rather deep
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Fig. 3.1. DCS for elastic ¢/Ar scamering at
incident energy of 100 eV: a) our results; b}
Panajotovié et al [2]; ¢) DuBois e of [5) d)
Williams ef af [6]. The results of b}, c) and d}
are normalized at our result at the maxinmm.

Fig. 32. DCS for elastic c/Ar scaftering ut
incident energy of 130 eV: a) our results; b)
Williams ef af [6]. The result of b) is normalized
at gur result at scattering angle of 70 °.

The preliminary experimentally obtsined positions of DCS minimun as a function of
incident electron energy are presented in Fig. 3.3. The theoretical data of Sienkiewicz ef al [1)
as well as few experimentally obtained points of other authors are presented also.

Fig. 3.3. Positions of high-angle DCS minimum
versus incident electron energy in elastic o/Ar
scattering: &) our results; b) Sienkiewicz et al [1];
¢) Kessler et af [3}; d) Williams e7 ol [6].



3.2, Energy dependence of DCS

The measurements of energy dependence of DCS should be preceded by careful examination
of both the incident electron beam and transmission of the energy analyzing system. We used
the analyzer lens as a Faraday cup to monitor electron beam as a function of incident energy
and it was found to be rather constant in the energy range of 100-150 eV. The examination of
transmission of analyzer lens system by simulations in program SIMION is given in the
following contribution on this SPIG conference. The obtained energy dependence of DCS for
fixed scattering angle is given in Fig. 3.4.

Fig. 34. Energy dependence of DCS for
» o'iAraneto elastic e/Ar scattering at scattering angle of

¥ x gm0 90 *: a) our results; b) Cvejanovié e al [7]; ¢)
> Williams er af [6]; d) Panajotovié e af [2].
i \‘ The rosults of b), ¢} and d) are normalized at
i ., 100 eV.
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A g :
x d \\

" ® @ W W o m & W W
Impact snargy ¢ ['V]

4, CONCLUSION

For the first time angular distribution of elastically scattered elsctrons was measured with
good energy and angular resolution in the energy range between 100 and 150 eV where the
third critical paint of DCS should be expected. For the angular dependence of DCSs at 100
and 150 eV and energy dependence of DCSs at 90 and 120 degrees, a véry good agreement
with the previous experimental dats was achieved. Also, the positions of DCS minima as a
function of the incident energy were plotted and results were compared with the recent
theoretical and experimental data.
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DIFFERENTIAL CROSS SECTIONS FOR ELASTIC ELECTRON
SCATTERING BY ARGON IN THE ENERGY RANGE OF THE THIRD
CRITICAL MINIMUM

A. R. Milosavljevi¢, D. Sevi¢ and B. P. Marinkovi¢

Institute of Physics, Belgrade, P. O. Box 57, 11001 Belgrade

Abstract. We present the preliminary obtained results of both angular and impact energy
dependence of differential cross sections (DCS) for elastic electron scattering by argon in the
angular range of 40-130 degrees and the energy range of 100-150 eV where the critical point
in DCS should be expected. The results are compared with the available experimental data.
Also, the positions of DCS minima as a function of impact electron energy were plotted and
results were compared with the available experimental data and the recent theoretical data of

Sienkiewicz et al [1].

1. INTRODUCTION

Elastic scattering of electrons on argon has been extensively studied and a large number of
both experimental and theoretical data are available. Moreover, the determination of critical
points where the DCS attains its smallest values has been of the greatest interest. These
minima are important as a sensitive test of experimental-theoretical agreement and give good
possibilities for testing the experimental procedures as well as theoretical models. The DCS
minima have been measured most recently by Panajotovi¢ et al [2] and two critical points
were found to be at 68.5 °, 41,30 eV and 143.5 °, 37.30 eV. These results are in very good
agreement with the later theoretical calculations of Sienkiewicz et al However, by the
experimentally obtained preliminary results of Kessler et al [3], the third critical point was
also found to be at 120.9 °, 132,3 eV. This minimum was above the energy domain of
Panajotovic¢ et al The essence of our effort was the measurement of relative DCSs in this
energy region and with a good angle resolution in order to investigate positions of minima in

the elastic electron-argon scattering.
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2. EXPERIMENT

The results we present were obtained on the apparatus “UGRA”, placed in the Laboratory of
Atomic Collisions, Institute of Physics, Belgrade. It is an electron spectrometer and has three
main sub-units: a) electron gun, b) electron (ion) energy analyzer and c) electron (ion)
detector. Also, the primary electron beam collector can be added. The effusive molecular
beam for the “cross-beam” experimental technique is obtained by passing target gas through a
nonmagnetic, stainless steel needle placed perpendicularly to the incident electron beam. The
electron gun produces nonmonoenergetic, collimated electron beam of up to 2 pA in the
energy range from 20 to 500 eV. It is fixed on a turntable and can be rotated around the gas
needle (i.e. interaction chamber axis) in the angular range from — 30 ° to + 130 °. All elements
described above are placed in the vacuum chamber and turbo-molecular pump is used for
achieving the background pressure of about 3 x 10 ~ ' mbar. The double p - metal shield
reduces the Earth and other magnetic fields to less than 2 x 10 " T.

The energy distribution of electrons (ions) leaving the interaction chamber is obtained
by an analyzing system which consists of four-element electron lens and double cylindrical
mirror analyzer (DCMA) with an energy resolution of Ae/e = 0.03. Electrons (ions) that pass
the analyzer are detected by a channel electron multiplier in the single counting mode.

The DCS at each point (defined by concrete values of impact energy and scattering
angle) was obtained by integration of count rates in the elastic energy loss spectrum
normalized by the scanning time. Due to the high energies of scattered electrons and
nonmonoenergetic incident electron beam the overall energy resolution of the system was
about 1.5 eV. It was more than sufficient to separate elastically scattered electrons from the
inelastic ones. The angular resolution was estimated by comparing our results with the
Panajotovi¢ et al ones and it was found to be less than 2 °. The true zero scattering angle
position was calibrated from signals of inelastically scattered electrons in the —25 ° to + 25 °
angular region. The correction was made for each measurement of DCS. We have not yet
performed exact energy calibration of the system. However, the rough estimation can be done
according to the linear dependence of DCMA voltage as a function of the selected electron
energy. This function is defined by the design parameters of DCMA and was experimentally
investigated by Cubrié [4].
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3. RESULTS

3.1. Angular dependence of DCS

We have measured angular distributions of electrons elastically scattered by argon in the
angular range of 40°-130° at incident energies of 100, 105, 110, 115, 120, 125, 130, 135, 140
and 150 eV. We present the relative DCS at energies of 100 eV and 150 eV in Fig. 3.1. and
Fig. 3.2. At these energies our results are compared with the previous obtained experimental

data. A very good agreement was achieved,

appeared to be rather deep.

although the minimum of Williams et al [6]

e/Ar elastic
E,=100eV
L
v
L]
A 95
o poe < o, .
Qo Ole 3
g oo B oy
- aes N
c o\
3 .
) ¥
Q B
L |
e—2a) % ]
©---b) B d
) a3
10 s d) &
8
T T T T T 1
40 60 80 100 120 140
scattering angle / [deg]

e /Ar elastic
g E,=150eV

B e e T S Y
—e

count rate
-

*—a) 08
14 s—b)

T T T T T 1
40 60 80 100 120 140

scattering angle / [deg]

Fig. 3.1. DCS for elastic e/Ar scattering at
incident energy of 100 eV: a) our results; b)
Panajotovi¢ et al [2]; c) DuBois et al [5]; d)
Williams et al [6]. The results of b), ¢) and d)
are normalized at our result at the maximum.

Fig. 3.2. DCS for elastic e/Ar scattering at
incident energy of 150 eV: a) our results; b)
Williams et al [6]. The result of b) is normalized
at our result at scattering angle of 70 °.

The preliminary experimentally obtained positions of DCS minimum as a function of

incident electron energy are presented in Fig. 3.3. The theoretical data of Sienkiewicz et al [1]

as well as few experimentally obtained points of other authors are presented also.
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Fig. 3.3. Positions of high-angle DCS minimum
versus incident electron energy in elastic e/Ar
scattering: a) our results; b) Sienkiewicz et al [1];
c) Kessler et al [3]; d) Williams et al [6].
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3.2. Energy dependence of DCS

The measurements of energy dependence of DCS should be preceded by careful examination
of both the incident electron beam and transmission of the energy analyzing system. We used
the analyzer lens as a Faraday cup to monitor electron beam as a function of incident energy
and it was found to be rather constant in the energy range of 100-150 eV. The examination of
transmission of analyzer lens system by simulations in program SIMION is given in the
following contribution on this SPIG conference. The obtained energy dependence of DCS for

fixed scattering angle is given in Fig. 3.4.

Fig. 3.4. Energy dependence of DCS for
" e/Ar elastic elastic e/Ar scattering at scattering angle of
L 6,=90" 90 °: a) our results; b) Cvejanovi¢ et al [7]; ¢)
. Williams et al [6]; d) Panajotovi¢ et al [2].
i o The results of b), ¢) and d) are normalized at
E e 100 eV.
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4. CONCLUSION

For the first time angular distribution of elastically scattered electrons was measured with
good energy and angular resolution in the energy range between 100 and 150 eV where the
third critical point of DCS should be expected. For the angular dependence of DCSs at 100
and 150 eV and energy dependence of DCSs at 90 and 120 degrees, a very good agreement
with the previous experimental data was achieved. Also, the positions of DCS minima as a
function of the incident energy were plotted and results were compared with the recent
theoretical and experimental data.
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