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Abstract: Rate coefficients for electron-impact dissociation of Oz* to the O* and
02" fragments are calculated for the new, recommended cross section data set and
for various collisional conditions. Two sets of the cross section data, measured
recently by different experimental groups, are used. These cross sections differ
significantly with each other, but are renormalized and optimized to the coherent
data base. Rate coefficients for the ozone cation fragmentation are determined
using the Maxwellian and the non-thermal electron energy distribution functions
(EEDF). In the case of Maxwellian distribution, mean electron energies cover the
range from zero up to 2 keV. Non-thermal electron energy distribution functions
are adopted from the recent electron observations by the 3-D plasma and
energetic particles experiment on the WIND spacecraft. The non-thermal rates
are evaluated for the mean electron energies from 4 to 80 eV. The role of the
possible contribution of electron-impact dissociation of Os* to the Ozone layer
depletion has been emphasized.

Keywords: ozone cation; electron-molecule collisions; dissociative ionization,
dissociative excitation

INTRODUCTION

The problem of Ozone layer depletion in the stratosphere is attracting
significant attention of researchers, after the discovery of the Antarctic Ozone
hole.>? Various mechanisms contributing to the ozone molecule decomposition
have been investigated in the past decades. A significant influence is attributed to
the air pollutants, such as nitric oxides, as well as chlorine and bromine com-
pounds.® It has been recognized that the absorption of UV light leads to the
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Ozone layer depletion, but some molecular reactions and collisions with atoms,
ions and electrons present in the stratosphere are also found to play a role.*>®

Electron-impact ionization of ozone has been studied experimentally,”® and
also theoretically.’ These data are renormalized by the NIST Standard Reference
Database.’® The renormalized cross section  magnitude  amounts
(3.8 £0.5)x107*° cm?, at the maximum at 100 eV, with the threshold energy of
(13.2 £ 0.5) eV. VUV optical absorption and electron energy-loss spectroscopy of
ozone have also been investigated and reviewed in detail.**

The ozone cation O3" exists naturally in the atmosphere and is important for
our understanding of ozone depletion as well.*? The theoretical calculation of the
electronic structure of the ozone cation is complex due to the strong electron
correlations and a significant lacking of details of its potential energy surfaces.
The Os"ion is nonlinear and the bond distances and angles differ significantly for
each electronic state. The three lowest doublet states are assigned X 2A;, A ?B,,
and B2A; and their energies are all within 1 eV apart. The calculations show that
the three lower quartet states are also close in energy, lying up to 2 eV above the
ground state. The ozone cation is weakly bound and easily dissociates by photon
absorption, electron collision, or recombination.

Electron-impact dissociative recombination of Oz* has been investigated by
the ion storage-ring method.™® This collision process is dominated at 0 eV by the
three-body dissociation. The photo-dissociation of Oz* yielding O" or O,"
fragments has also been studied intensively. It has been concluded that the
formation of the O* prevails in the visible light range.™

Electron-impact dissociation of the Os" ion has recently been investigated in
two separate experiments.’®** The charged fragments, O" and O," were mass
analyzed and the cross sections for their production were determined in a wide
electron energy range.

In the present study, the above cited experimental results of Os" ion
fragmentation are revisited. Some of the results are renormalized and the cross-
section database is completed. In addition, the rate coefficients for corresponding
processes, for Maxwellian and non-thermal electron energy distribution
functions, are calculated and compared with each other. The following reactions
are considered here:

e+0s' >0'+0,+¢  (0.64¢eV) (1)
e+0:' >0, +0+e  (2.19eV) )
e+0s' > 0" +0,' +2  (14.26eV) (3)

The energies written in the parentheses represent the threshold energies for the
given processes.” Reactions (1) and (2) are dissociative excitation (DE) processes,
while reaction (3) represents dissociative ionization (DI1).* In both experiments,
only the charged fragments are detected, independently from each other. The
reactions involving dissociation to three particles are not considered here.
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Absolute cross sections for electron-impact dissociation of Os* to the O and
to O," fragments have been measured first at ORNL, by Deng et al.® An
electron-ion crossed-beam method has been used for energies from about 3 to
100 eV. While the O," channel dominates the dissociation cross section over the
entire electron energy range, a strong rise is also observed in the O* product
channel, just above the threshold energy.

The cross sections for dissociation of O3" to the O fragments were also
measured recently, at UCL (Louvain-la-Neuve), by Beli¢ et al.*® This experiment
also used a crossed-beam technique, but the results for dissociation producing the
O fragments disagree for a factor between 2 and 3, in a wide electron energy
range, above 5 eV, the UCL results being larger than those of ORNL. This has
been attributed to the broad O® fragments velocity and scattering angle
distributions in the laboratory frame, causing a possible loss of the signal in the
ORNL experiment. This effect is strongly affecting the DI signal leading to O". It
has been corrected in UCL experiment by performing careful magnetic field
scans of the signal and by taking into account the transmission efficiency of the
experiment. The correction procedure has been described in detail.*®

The maximum of the O* cross section is found to be 3.6x107* cm? at about
100 eV and has an average value of 3x107% cm? in a wide energy range from 5 to
200 eV.* Such a broad energy interval of high cross sections may result in a
higher rate coefficient values for the considered process. Thus, we can raise the
question of the importance of electron-impact dissociation of the ozone cation in
the stratospheric layer, relative to the other competitive mechanisms.
Furthermore, it may be possible that the electrons, originating from the Solar
wind and penetrating in the stratosphere along the polar cusps, play an important
role in the Ozone layer depletion. This possibility initiated this work and will be
considered later in the text.

EXPERIMENTAL
Cross sections database

The cross sections, used here for the rate coefficient calculations, were measured by
Deng and coworkers,’ and later by Beli¢ et al.’® These are the only experimental results for
electron-impact fragmentation of Os*. In the ORNL experiment,*® both cross sections, for O*
and O2* fragments were measured.

In the UCL experiment,® the cross sections are reported for the O* fragment production,
only. An attempt to measure cross sections for the O>" fragments failed, because enormous
background count rate was present for this particular ion.

In the cited experiments, electron-impact simple ionization cross section of Os* resulting
in Oz%* was found to be negligible. This finding is in agreement with the conclusion of Deng
et al.™> We believe that the lifetime of the doubly charged ozone ion Os?* is shorter than the
time scale of the experiments and that it dissociates before reaching the detector.

As in many other electron-ion dissociation experiments in the UCL laboratory, particular
attention has been paid to the total detection of the product ions (see for example the proposed
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references).’”® Due to the transfer of internal energy to the kinetic energy of the fragments,
dissociation products exhibit both broad velocity distribution and a broad angular divergence
in the laboratory frame. This often results in a partial loss of the signal. In order to compensate
for this effect, careful analyzer magnetic-field scans of the signal have been performed for the
selected electron energies (see for instance Fig. 1. in a publication by Beli¢ et al.’®). These
scans are used (i) to normalize measurements to the absolute scale, (ii) to determine total
kinetic energy release (KER) distribution of the fragments, which illustrates Fig. 4. in a paper
by Beli¢ and coworkers,'® and consequently (iii) to separate DE and DI contributions of the
inclusive cross sections. In the present work, magnetic-field scans will be further used to
estimate a new set of the cross section data for the O2* fragment production i.e. to renormalize
previous measurements of ORNL group. This is performed by taking into account proper
transmission efficiency of the experiment, determined for the O* fragment and by applying it
to the O2* fragment. Our goal was to calculate and to compare resulting rate coefficients for
Os* fragmentation by electron impact, for various reaction channels.

Renormalization of the O2* cross sections

We have learned (in earlier study)® that the difference between cross sections for O*
fragment production in references®® and'® results mainly from the loss of the DI contribution
in ORNL experiment.’> Thus, similar effect can be expected for the O2* fragments, as well.
Furthermore, we have determined the DI cross section contribution for O* fragment®® to be
dominant over DE for energies above 40 eV (see Fig. 3 in Beli¢ et al.'). Consequently, the
UCL group found the inclusive cross section for this fragment to be significantly higher in a
wide energy range, compared to the results of ORLN group. Since the DI reaction (3) is
dominant channel for the creation of both O>* and O* fragments, we could expect similar
situation for O." fragments. For that reason, we have made an attempt to renormalize the
ORNL cross section results for the O2" fragments production.

For this purpose, magnetic-field scans obtained for the O* fragments, i.e. the total KER
distributions of product fragments (see Fig. 4. in a UCL reference)®® are used. By applying
Lorentz expression, these scans are first transformed to the center-of-mass velocity
distribution of the O* fragments.)” Under the assumption of dominant DI contribution and
based on the momentum conservation, initial velocity distributions of the O2* fragments, in
the center-of-mass frame, are determined. The results are further transformed to the fragment
distributions in the laboratory frame. Because of the larger mass, they have lower velocity
than O* fragments, but are occurring at the larger analyzer magnetic fields. These distributions
are used for Monte Carlo simulation of the expected magnetic-field scans of the fragments,
according to the procedure described before.®® Having these scans, the transmission
efficiency for the O>* fragments is determined to be between 30 and 42 %. The transmission
factors are extrapolated to the considered electron energy range and are applied to the
experimental cross sections published by Deng et al. for the O,* fragments.®

In this way absolute cross sections for electron impact dissociation of Os* producing the
02" fragment, corrected for the experimental transmission and detection efficiency, are
determined. They are shown in Fig. 1, together with the absolute cross sections for
dissociation to the O* fragment.'® The Oz" cross sections are also presented in Table | and will
be referred hereafter as recommended cross sections. The total charged fragments production
cross section, also shown in Fig. 1, is the sum of these two, O* and O2" cross sections.
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TABLE I. Recommended cross sections or for electron-impact dissociation of Os*yielding O2*

fragments, at various electron energies E

E/eV o110 em?> Ao /10%cm? E/eV 6 /10%cm?  Agr/ 107 cm?
3.1 7.94 1.97 245.1 2.71 0.41
45 5.60 0.93 295.1 2.44 0.37
9.3 4.13 0.55 395.1 2.08 0.31
14.3 3.54 0.66 495.1 1.74 0.26
24.0 3.60 0.60 595.1 1.45 0.22
39.3 3.60 0.85 795.1 1.16 0.17
59.0 3.90 0.60 995.1 1.02 0.15
100.0 3.95 0.55 1495.1 0.73 0.11
135.1 3.75 0.56 1995.1 0.60 0.09
195.1 3.05 0.46 2495.1 0.53 0.08
12+
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Method of rate coefficient calculation

charged fragments produc-
tion (triangles).

Rate coefficients have been calculated by using standard procedure,® given by the

following expression:

K(E) - \E [ SEWEL(E) E)E

(4)

where <E> is the mean electron energy, o(E) is the cross section for considered process, Ew is
the threshold energy and feo(<E>, E) is the normalized electron energy distribution function
(EEDF). Calculations have been performed by using numerical interpolation of experimental
cross section data. In case of equilibrium conditions, the EEDF in (4) is given by the Maxwellian

equation:
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3/2 3E
£,((E),E) =%(%j JEe 2® 5)

For the non Maxwellian i.e. non-equilibrium case, experimental EEDF-s for the mean
electron energy values of 4.53, 6.4, 46.2 and 71.7 eV are used. They have been adopted from
measurements of the non-thermal super-halo” component of the Solar wind electrons
performed with the help of 3-D Plasma and Energetic Particles experiment on the WIND
spacecraft.?! In the present study, two different EEDF functions at 71.7 eV are used, including
WIND and “’super-halo” projects, giving essentially the same rate coefficients.

The Solar wind is a stream of charged particles (plasma) emitted from the upper
atmosphere of the Sun. It consists predominantly of electrons and protons in the energy range
up to 0,5to 10 keV.

The Solar wind varies in density, temperature and speed over time and distance. Its
particles can escape the Sun’s gravity because of their high energy resulting from the high
temperature of the corona. The consequences of this are Solar wind and geomagnetic storms
on Earth, and the light auroras at the poles.

High energy cross sections and contributions of the related processes

Generally, normalized EEDF becomes lower, but wider with increasing the mean
electron energy. In both cases, Maxwellian and non-equilibrium, rates are dependent on the
cross section magnitude and its shape, i.e. they are related to the cross section and EEDF
overlap at a given mean electron energy. This will be illustrated here for the O* fragments. In
UCL experiment,'® DE and DI contributions for this fragment are separated (see Fig. 3. in the
cited work).'® The two cross sections are used to calculate Maxwellian rate coefficients for
these particular processes. The results are compared in Fig. 2.

1

3

9
Rate coefficients, 10 cm s

100 4

—_
(=]
1

1 10 100 1000

<E >/eV
Fig. 2. Maxwellian rate coefficients for DE (circles), DI (squares) and inclusive cross sections
(triangles) for O* fragment production.

The DE cross sections are higher than those for DI at low mean electron energy, below
40 eV. However, it turned out that corresponding rates at higher mean electron energies are up
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to a factor of 5 larger for DI than those for DE, Fig. 2. The total rate coefficients for O*
production reach 2x1077 cm® s™* in a wide mean electron energy range, above 100 eV.

The comparison of these data is also performed with the results of rate coefficients
calculated with corresponding cross sections for O* fragments published by Deng et al.’®
These rates are a factor of 3 lower than the present total inclusive rates shown in Fig. 2.

Similar, or even more pronounced effects are expected for non-thermal EEDF-s.
Enhancements may be expected for processes which include high energy reactions, such as
inner shell or multiple ionization.

Moreover, it should be pointed out that the Energetic electron precipitation (EEP) plays
even more prominent role and affects the chemical composition of the polar mesosphere?. It
leads to odd hydrogen (HOx) production following ionization and ion chemical reactions,
which are expected to contribute to the ozone balance in the mesosphere.

It has been shown,? using observations from three different satellite instruments, that
EEP events strongly affect ozone at 60-80 km, leading to extremely large (up to 90 %) short-
term ozone depletion. This impact is comparable to that of large, but much less frequent, solar
proton events. On solar cycle timescales, it has been found that EEP causes ozone variations
of up to 34 % at 70-80 km altitude. With such a magnitude, it is reasonable to suspect that
EEP could be an important part of solar influence on the atmosphere and climate system.

RESULTS AND DISCUSSION

Maxwellian and non-thermal rate coefficients for electron impact
dissociation of Os" to the O and O," fragments were calculated and are presented
here. The Maxwellian rates were determined in the mean electron energy range
from 0 to 2 keV. The non-thermal rates were determined for the mean energies
from 4 to 80 eV, for the experimental EEDF-s.** These calculations were
performed for the present recommended cross section data set (for the O*
fragment of reference'® and for renormalized cross sections for the O,* fragment,
presented here). Rate coefficients for the total singly charged fragments
production, K, were obtained as a sum of these two results.

For comparison purposes, calculations are also performed using the cross
sections for O* and O,* measured directly and published by Deng et al.® Rate
coefficients for the total singly charged fragments production, Ky, are also
obtained in this case.

Maxwellian rate coefficients

The results for the Maxwellian rate coefficients are calculated by using
equations (4) and (5). They are presented in Table 11, and also shown in Fig. 3. The
lowest curve in Fig. 3, shown by circle symbols is obtained by using cross section
measurements of Beli¢ et al. for O*.*° These results are denoted K(O") in Table II.
The data represented by squares in Fig. 3, are obtained by using recommended
cross section results for O,", and they are marked K(O-") in Table Il. The results
denoted by Kt (O"+ O") in Table Il and by triangles in Fig. 3, represent the sum of
these two results and is in fact the total inclusive rate for producing singly charged
fragments by electron impact dissociation of Os*. As it can be noticed, the K(O2")
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results are higher in a whole considered mean electron energy range than those for
the O fragments. This is expected having in mind that the cross sections for O,"
are higher for all energies than those for O, particularly for the low energies near
threshold, see Fig. 1.

TABLE Il. Maxwellian rate coefficients, K / 107 cm3s?, for electron-impact dissociation of
Os*to O, O2*, and for the total inclusive singly charged fragments production, Kt

E/eV KO _ K(O7) Kr E/eV KO _ K(O7) Kr
1 0.02 0.052 0.062 200 1.95 2.17 4.12
2 0.08 0.23 0.28 250 2.00 2.22 421
3 0.15 0.37 0.52 300 2.01 2.23 4.27
4 0.21 0.46 0.68 350 2.02 2.23 4.25
5 0.26 053 0.79 400 2.04 2.22 4.23
6 0.30 0.57 0.89 450 2.00 2.21 421
7 0.34 0.62 0.97 500 1.98 2.20 4.17
8 0.37 0.65 1.04 550 1.96 2.17 4.14
9 0.40 0.68 1.09 600 1.94 2.15 4.0
10 0.43 0.71 1.15 650 1.92 2.12 4.05
20 0.67 0.92 1.59 700 1.90 2.10 3.99
30 0.87 1.11 1.98 750 1.88 2.08 3.95
40 1.02 1.27 2.32 800 1.85 2.04 3.89
50 1.21 1.43 2.60 850 1.83 2.02 3.94
60 1.33 1.54 2.83 900 1.80 1.98 3.78
70 1.42 1.63 3.04 950 1.77 1.95 3.73
80 151 1.72 3.22 1000 1.76 1.92 3.67
90 1.59 1.81 3.39 1500 1.48 1.63 3.0
100 1.66 1.85 3.50 2000 1.24 1.37 2.60
150 1.85 2.08 3.93
— 5-
o
&

Fig. 3. Maxwellian rate

coefficients for Os* dissoc-

iation to O* (circles),

0O:*(squares) and for the

total inclusive singly

T f Y ! ) charged fragments pro-

0 500 1000 1500 2000 duction K (triangles). For
<E>/eV explanation see the text.

Rate coefficients, 10 ‘¢cm™s
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The rates K(O) and K(O;") have maximum values slightly above
2x107" cm®s?, at about 300 eV. The total rate Kt (O*+ O,") has a maximum
value of 4.27x10~" cm® s * also at 300 eV. For the purpose of comparison, ORNL
cross sections of Deng et al.,”® are extrapolated to the high energy side and all
rates are calculated for the mean electron energies up to 2 keV. These rates are
determined for O and O;" fragments, respectively. However, they are lower than
107 cm® s in the whole energy range and are not presented here. The sum of
these two contributions for this data set has a maximum of 1.6x10" cm® s* at
about 250 eV and falls to a quarter of this value at 2 keV.

The results for the present data set are more than a factor of two higher from
the values obtained for the data set of Deng et al.,”® for all energies. This has a
simple explanation. The cross sections used here, for the present data set, are
corrected to the loss of signal and are higher than in ORNL experiment.®> Of
particular interest is the fact that this lost signal originates mainly due to the DI
contribution, which prevails in the higher incident electron energy range.
Therefore, this is resulting in a significant increase of the rate coefficients, relative
to the previous data.™
Non-thermal rate coefficients

Non Maxwellian (or non-thermal) rate coefficients are calculated for the same
sets of cross section data, as above for the Maxwellian case. EEDF-s were avail-
able only for four mean electron energies in the range from 4.53 to 71.7 eV.# The
non-thermal rates obtained upon using these EEDFs in eq. (4) were interpolated
and extrapolated across the energy range from 4 to 80 eV, in order to make
comparison with the Maxwellian rate coefficients.

TABLE llI. Non-thermal rate coefficients, K / 1077 cm® s, for electron-impact dissociation of
0Os*to O*, O2*, and for the total inclusive singly charged fragments production, Kr

E/leV KO K(02') Kr E/eV KO _ K(O) Kr
4 0.38 0.67 1.07 25 1.10 1.32 2.40
5 0.43 0.71 1.15 30 1.24 1.45 2.70
6 0.46 0.74 1.22 35 1.36 1.56 291
7 0.50 0.78 1.29 40 1.48 1.67 3.14
8 0.54 0.81 1.36 45 1.59 1.78 3.35
9 0.58 0.84 1.42 50 1.68 1.87 3.55
10 0.61 0.87 1.49 55 1.76 1.96 3.70
12 0.68 0.94 1.62 60 1.83 2.03 3.87
14 0.75 1.00 1.75 65 1.88 2.09 3.96
16 0.82 1.06 1.88 70 1.94 2.15 4.08
18 0.88 1.12 2.00 75 1.99 2.20 4.17
20 0.94 1.18 2.12 80 2.00 2.24 4.25

The non-thermal rates for the present data set are listed in Table Il and are
also shown in Fig. 4, alongside with the Maxwellian ones. In the considered
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energy range, non-thermal rates do not reach their maxima. Their highest values
for <E>=80 eV is 2.0x10" cm?® s for K(O"), and 2.25x107" cm® s* for K(O2").
Thus, the total inclusive rate amounts 4.25x1077 cm® st at <E>=80 eV. This can
be compared to the value of 3.22x10~" cm® s™* obtained for the Maxwellian total
inclusive rate coefficient (for the same mean electron energy) which is for some
25 % lower. Generally, the non-thermal rates are higher than the Maxwellian
ones, for all reaction channels and for all electron energies.

n” 4+
g
lTo
S 3
=
2
2 27
&
(]
(=]
(9]
o 14
=
a1
0 T T T 1
0 20 40 60 80

<E>/eV
Fig. 4. Non-thermal rate coefficients (closed symbols) and Maxwellian rate coefficients (open
symbols) for Os* dissociation to O* (circles), Oz* (squares) and for the total inclusive singly
charged fragments production Kr (triangles).

For non-thermal EEDF-s, the results based on the ORNL cross section
measurements are lower than for the present set of data. The rate coefficient
values are lower even for a factor of 2, for most of electron energies, and up to a
factor of 3 for the high ones.

Comparison of Maxwellian and non-thermal rate coefficients

As we have already pointed out, due to the larger cross section values, rate
coefficients are higher for the present set of data than for those based on the
ORNL data. This is observed in by using both Maxwellian and non-thermal
EEDF-s. The reason for that is attributed to the loss of signals, i.e.
underestimated cross sections in the earlier data set, which are recuperated in the
present data. This is clearly seen, in particular for the high mean electron
energies. Thus, the rate coefficient results based on the ORNL data will not be
further considered here and are not recommended for use in modeling the balance
of ozone in the Earth’s atmosphere.
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Finally, we shall discuss the rate coefficient dependance on the used EEDF-
S. For the purpose of comparison, we redirect reader’s attention again to the
Table Il and Table Ill. For all considered processes, the rate coefficients
calculated by using available non-thermal EEDF-s are higher than for the case of
Maxwellian EEDF. This is the consequence of the behavior of the cross sections.
They have large values extended to relatively high electron energies, thus their
overlapping intergal with non-thermal EEDF-s is higher that with Maxwellian
ones, in a wide energy range. Consequently, non-thermal rate coefficients are
additionally magnified.

The effects of the external electric or magnetic fields, or their combination,
on the rate coefficients are not investigated in the present work. This obviously
needs to be studied in detail, in future investigations.

CONCLUSION

Rate coefficients have been calculated for electron-impact dissociation of
O3 cation to the O and O" fragments. Experimental cross section results for O*
fragments from Beli¢ et al.’® and renormalized data for O," fragment from Deng
et al.’® have been used. Maxwellian and non-equilibrium EEDF-s have been
applied for the mean electron energies from threshold up to 2 keV. Significantly
higher rate coefficients are observed for the present results than for those
measured by ORNL group. Rate coefficients for the non-equilibrium EEDFs are
found to be higher by a factor of two than for the Maxwellian ones. Thus,
investigated processes are found likely to play an even more important role in the
ozone cation dissociation, than it has been previously expected.

This work demonstrates that the Solar wind electrons, penetrating in the
Earth’s stratosphere along the polar cusps, can make significant contribution in
the Ozone layer depletion and should be included in the future modeling.
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N3BOJ
KOE®OUIIWJEHTU BP3UHE 3A JUCOLUJALIUIY Os" YOIAPOM EJIEKTPOHA HA
JEOHOCTPYKO HAEJIEKTPUCAHE ®PATMEHTE
IPATOJbYE C. BEJIMR!, MUPJAHA M. BOJHOBWR!, MUPOCJIAB M. PUCTHUR?, XAVIER URBAIN?® u
PIERRE DEFRANCE?
"Ynusepsutuein y Beoipagy - dusuuxu axyninein, Ciliygentuicku wipi 16, Beoipag; *Ynusepsuiiein y Beoipagy -
Daxyninein 3a pusuuxy xemujy, Ciiygenmucku wipi 12-16, Beoipag; *Universite Catholique de Louvain, Institute
of Condensed Matter and Nanosciences, Chemin du Cyclotron 2, B-1348 Louvain-la-Neuve, Belgium

Koedunujentu dpsune 3a gucounjanujy Os™ ynapom enexrpona Ha parmente O* u Oz*
W3payyHaTH Cy 3a HOBH, NPENOPyYEHU CKyN NojaTaka e(eKTHBHUX Mpeceka u 3a
pasnuuuTe yciaose cynapa. KopumheHa cy nBa ckyna e@eKTHBHHUX INpeceka, Koje Cy
HEJJaBHO U3MEpHWIe PasIM4YUTe eKCIepUMeHTanHe rpyne. OB mpecenu ce MehycobHo
3HAuajHO pA3NMKYyjy, ald Cy PEHOPMHUpPAHH U ONTHMH30BaHU 3a KOXEPEHTHy Oasy
nojgataka. Koeduuujentn OpsvHe 3a (QparmMeHTauyjy KaTjoHa 030Ha cy ognpeheHu
KopuirheweM MaxcBe/lOBE U HEPAaBHOTEXHE (DYHKUUjE paclolese eHepryje eJeKTpoHa.
Y cnyyajy Maxcsenose nuctpudyuuje, Cpenme eHepruje eleKTpoHa IOKPUBajy OICET Off
Hyna 1o 2 keV. HepaBHoTe)xxHe dyHKIIMje pacrofiesie eHepruje eJekTpoHa Cy yCBojeHe U3
HeJlaBHUX IOCMaTpama enekTpoHa y 3-D ekcrepuMeHTy ca IIasMOM H3BEeIeHOM Ha
csemupckoM opomy WIND. HepaBHOTe)XHM KoedHUUHUjeHTH Op3WHE Cy MPOLEHeHU 3a
cpenwe eHepruje enexrpoHa on 4 mo 80 eV. Harnauiena je ysiora moryher monpuHoca
nucoudjauuje Os* eneKTPOHCKUM yIapoM y olTehewy 030HCKOT oMoTayva.

(ITpumsseno 9. HoBeMbpa; peBupaupano 11. nenemdpa; mpuxsahero 13. nenemdpa 2021.)
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