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Electron-Impact Excitation of Kr 5s, 5p Levels
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Abstract—The available data on the cross sections of electron-
impact excitation of krypton 5s and 5p configuration levels out of the
ground state are represented in convenient and compact form. The
results are obtained by regression through all known published data
related to this process.
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[. INTRODUCTION

LECTRON collision processes with atoms and molecules

have been a topic of continuous interest for both
fundamental and practical reasons. Electron-impact excitation
of rare gases, in particular, such as krypton for example has
received considerable interest due to the importance of these
noble gases in many gaseous electronic applications. These
gases are heavily used in plasma processing of flat-panel
displays and semiconductor manufacturing, lighting industries,
gas-discharge lamps, in gas lasers, the Earth’s atmosphere and
molecular biology and medicine and etc. Modeling the
contributions of the various processes in active environment of
these sources plays an important role in understanding the
basic physical properties of the plasma and aids source design.
The main difficulties in such modeling arise from the necessity
of rigorous treatment of electron-impact interaction, so an
accurate knowledge of the excitation cross sections is crucial
for this determination.

These demands have results a lot of researchers to study the
electron-impact excitation’s cross sections of Kr both
theoretically and experimentally by a number of workers. The
main emphasis has been on the determination of the total cross
sections in the excitation function for incident electron
energies over a wide range of its variation, but each
investigator has used however only part of such region. As a
rule the different workers compared own results with the work
of other investigators — measured or calculated cross sections
and found satisfactory consent in them, but sometimes it’s
obtained results that differed from the other experimental or
theoretical work in both shape and magnitude, particularly,
cross sections! Does this mean that this measured or a
calculated cross section is not right? No. We must say that in
discussed, examined cases an experimental and calculating
investigations are rigorous scientific methods, and the obtained
results are very good. Does this mean that we wouldn’t use
such results? No. In such situation therefore it is not necessary
to perform a series of experiments and calculations that, one

A. A. Mityureva is with Faculty of Physics, Saint Petersburg State
University 198504, St. Petersburg, Russia (e-mail:  mitalal@mail.ru)

would think, will resolve these uncertainties, because they are
natural uncertainties. Note that using all data published in
refereed scientific journals could help to make rise of accuracy
of joint result and what is the most important to make rise of
reliability of joint result!

In our previous papers [1]-[5] we presented new approach
to represent joint result for electron-impact excitation cross
sections for a number of levels of H, He and Ar atoms. The
present paper extends these results and demonstrates and
analyses new combined results of electron-impact excitation’s
cross sections for the four 5s and ten Sp levels (Pashen’s
notation) of Kr atom.

II. BASIC RELATIONS

The electron-impact excitation of atoms is a fundamental
collision process that occurs in a wide variety of natural
and artificial active medium that is why an accurate and
essentially reliable excitation cross section data are
required. The cross sections of electronic rare gas atoms
excitation have been measured and calculated many times
but only a few of these determinations are absolute and the
most of them are differ one from the other. Moreover, these
data are too scattered in various literature sources. If that is
so, the abundant [6]-[22] disconnected pieces of
information on the constants of electronic excitation
processes in Kr atoms are hindered their utilization. A user
can often disregard the totality of the literature data and
either relies on it’s own fairly crude estimates or turns to
some single source, not always the best one. As a result
there is the problem of preference and choosing of
available cross sections values among set of different
experimental and theoretical data. What are to be done in
such situation? It follows that it ought to be found some
other approach for representing literature data, an approach
that would represent the experience accumulated on the
problem in a compact form. One of such approaches to
analyzing, statistically processing, and conveniently
representing both our own and literature data on the cross
sections and rate constants of electronic excitation of all
studied levels and spectral transitions of the atom under
study was suggested by us. The method has been based on
regression analysis through all known published data using
parametric approximation of cross section energy
dependence. We have used the approach that was
introduced and developed in our previous works [1]-[5], in
order to take into account all available data and obtained
the summary values.

The method is based on regression through all known
published data (including our own ones [6]) using parametric
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approximation of cross section energy dependence. We used
approximation with four parameters

y2 _ AE
0E)= po 5| e a2, w= e,

where E is electron beam energy, AE is excitation threshold
and p, p1, pa, p3 are regression parameters.

The available data on the cross sections of electron-
impact excitation of krypton 5s and 5p configuration levels
out of the ground state:

Kr(4p6 1SO)+e - Kr(4p555)+e,

Kr(4p® Sg)+e — Kr(4p 5p)+e
are presented on base of this approach.

The summery cross sections for all investigated levels are
determined separately for the data including cascade
population of levels from upper levels and without it —
effective and direct cross sections correspondingly.

We have to observe that there are regrettable discrepancies
in terminology related to the cascade population. Sometimes
someone call (rather misleadingly) the experimental so-called
optical values g;; as the “apparent cross sections”, although

these quantities represent a quite certain atomic constant, that
is, the cross section for the excitation of spectral lines
appearing both due to the direct electron excitation of the &y,
level from the oy, state (with the cross section Q,;) and due to
the spontaneous cascade transitions to this level from the upper
Iy level (with the cross section ¢y); the latter levels are also
populated both by direct electron impact and by cascade
mechanism. The optical cross sections are related to the cross
section Q, for the direct electron excitation (the last value is
used in the theory, which has to be compared to experiment)
by the well-known expression

ok :Z’Iki —qup

i<k k<l

where the summation is performed over indexes i (running
from 1 to k—1)and / (from k+1 to infinity). The first term in
this difference is the sum of the optical cross sections for all
spectral lines emitted with the transitions from the &, level to
underlying levels; the second term is the sum of the optical
cross sections for all cascade transitions to the &, level. The
first sum is called the effective cross sections, that is

0o =05 =2 ik -

k<l
o
0l =0, +> an
k<l

These terms: optical cross section, direct cross section and
effective cross section were accepted in scientific literature on
atomic and molecular physics and We believe that they more
adequately reflect the essence of the phenomenon and should
be preferred.

III. RESULTS

The results are obtained separately for the data including
cascade population of levels from upper levels and without it —
effective and direct cross sections correspondingly. The
obtained data contains the regression parameters and relative
sample variance D of regression for each processed transition:
Tables I, III — direct cross sections and Tables II, IV —
effective ones. Levels are given in Pashen’s notation.

TABLE I
DIRECT PROCESS
up level D Po, p1 P2 p3
107'¢ cm?
Isy 0.6 1.0 23 0.13 0.81
Is3 0.4 1.2 2.15 1.15 3.95
1s4 0.5 1.4 1.62 0.16 0.73
Iss 0.4 3.8 4.8 0.12 3.85
TABLE I
EFFECTIVE PROCESS
up level D Po p1 p2 p3
1071% cm?
1s2 0.17 1.6 2.89 0.15 0.77
Is3 0.10 1.6 3.70 0.09 2.18
1s4 0.14 3.1 3.04 0.15 0.77
1ss 0.05 6.0 3.66 0.14 1.87
TABLE III
DIRECT PROCESS
up level D Po p1 p2 p3
1076 cm?
2p2 0.62 0.25 1.9 0.16 1.65
2ps3 0.87 0.23 3.9 0.09 4.05
2pa 0.92 0.35 3.6 0.25 4.05
2pe 0.57 0.22 2.1 0.15 1.95
2p7 0.76 0.99 3.7 0.30 4.40
2ps 0.63 0.37 2.2 0.11 1.65
2po 0.46 1.2 3.9 0.22 4.0
2pio 0.63 1.1 3.9 0.25 3.85
TABLE IV
EFFECTIVE PROCESS
up level D Po p1 p2 p3
107% cm?
2p1 0.31 0.21 2.49 0.10 0.93
2p2 0.46 0.59 2.74 0.12 1.10
2ps3 0.47 0.21 2.53 0.12 1.20
2p4 0.48 0.25 2.57 0.14 1.13
2ps 0.31 0.45 2.68 0.11 0.93
2ps 0.44 0.67 2.75 0.12 1.06
2p7 0.58 0.74 2.87 0.13 1.14
2ps 0.42 1.09 2.78 0.13 0.88
2py 0.54 0.48 2.67 0.13 1.09
2pio 0.41 0.42 2.61 0.13 0.95

Let us note, that data spread of results of various authors for
the direct cross section electronic excitation of 2p; and 2ps
levels appeared to be very large and reliable cross sections
could not be extracted at present.

Fig. 1-5 shows some of the results graphically. It is seen the
spread of literature data and the regression curves. Vertical
axis corresponds to denary logarithm of cross section O in cm’
and horizontal one to the electron beam energy E in eV.
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Fig. 2 Direct (a) and effective (b) excitation cross sections of 1s;3 Fig. 4 Direct (a) and effective (b) excitation cross sections of 1ss
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Fig. 5 Direct (a) and effective (b) excitation cross sections of 1p;o
level

It is seen that the shape of the direct excitation functions of
metastable levels 1s;, 1ss are more sharp then for the
resonance levels 1s,, 1s,. This difference almost vanishes for
the effective excitation functions almost vanishes.

IV. CONCLUSION

The obtained data is a compact and convenient
representation of totality of all available data and can be
valuable for various applications. It is more reliable than data
of concrete taken separately. It permits to
quantitatively observe differences between direct and effective
cross sections. For example, the difference in direct cross
sections of metastable sz, s5 and resonance s,, s4 levels are very
large, as for the effective cross sections — they are nearly
equal. For p levels effective cross sections becomes almost
equal too.
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