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ABSTRACT

.Vacuum‘ultraviolet multiplets of CI; CII, and OI have been
produced by electron impact on COZ' Absolute emission cross sections
for these multiplets have been measured from threshold to 350 eV. The
electrostatically focussed electron gun used in this series of experi-
ments is described in detail. The atomic multiplets which were

produced by dissociative excitation of CO, and the cross sections

2
at 100 eV are: OI(Zp4 3P - 2p33s 3S) 13048 - 1.04 x 10‘-18 cm2i18Z;

cr(2s’2p? 3p 252p3 359 1329R - 2.67x10 Pem? 1 21%; cr(2e22p2 3p

“282p° 3p%) 1561X - 7.50x10" cm2 + 30%; CI(2p® 2P - 2p3s 2p°) 16578 -

1.45x10"Bca? 4 237; CIT(2s%2p 2p°- 252p2 2p) 13358 - 7.60x10" Pem? &+ 229

and CII(2s2p% %D - 2p° 0% 13248 - 1.33x10720 cm? & 23%. The depend-
ence of the excitation functions on electron energy shows that these

multiplets are produced by electric-dipole-allowed transitions in COZ'



INTRODUCTION

In parts 1 and IT of this series, we described dissociative excita-
“tion of atomic multiplets of HI, OI, and NI by electrom impact On'ﬂz, 02,
and Nz; res‘pect:ively-.l"2 Excitatioy of the CO fourth positivélgroup by
electron impact on CO and on 002 was also studfed.3’6 In this paper we
present absolute cross sections for dipsociative excitation of CO2 to
yield multiplets of CI, CII, and OI:in the vacuum ultraviolet.

The measurement; on 002 uerevinspired by the then-imminent ultra-
violet spectroscopic observations of the Mars upper atmosphere by the
Mariner 6 and 7 spacecraft. The multipletq discussed in this paper werxe
fougd t9 be prominent features of the Mars dayglow. Barth et al’ have
shown that they are g;pducéd in the Matﬁ upper atmosphere by the action
" of solar photons and photoelectrons on COz. The cross sectlons presented
here have been utilized by McConnell and McElroy6 to perform detailed cal-
culations of the CI 1657 & énd CI 1561 { emissionsin the dayglows of
Venus and Mars.

The dissociative excitation of CO2 has been studied concurrently

with this work by Ajello7 gnd-Stoka.8



EXPERIMENT

1

The experiment featureéd an elcctroataticnlly kocusaed electron
beam which was varied in energy from ~ 5 eV to SSOieV Photons were
collected at right anglea to the electron beam by a McPhext?n Model
225 monochromator and an EMR 541G-08-18 solar-blind photomultiplier
tube. Coherent summing techniques vere used to improve the statistics
- of the data. The experimental techniques and apparatus have been
desctibéd in dgtail elaééﬁe?t,l'g'lo with the exception of the e;ectron
" gun, whitﬁ'we'describe hl@t;

The electron gun was electrostatically focussedll and made use of
the multistage prihc&%ie.iz The gun configuration is shown schematically
in Fig. 1. Electromns from & thoxia coated iridium idiamcnt F were
accelerated thrgpgh an aperture im the grid G towards anode A and
electrode L. Th; electrons were then decelerated to their final energy
by the potential on electrode P and the gun housing. The collision
chamber was at the same potential as the gun housing. High potentials
on electrodes Aﬁand L served toreduce the space charge in front of the
cathode., This yielded relatively high beam currents at low energy.

The electron gun used was a modified oscilloscope gun (Superior
Electronics Corp., Model SE-2B). The modifications performed consisted
in a change of the aperture sizes and a different electrical mode of
operation. The modified aperture sizes and potentials applied to the
electrodes are listed in Table I. These potentials for the optimum

focussing conditions were obtained by trial and error and are approxi-

mate. The final energy of the electrons in the collision chamber was eVO.



For convenience,the potential on electrode L was chosen to be the
same as that on A. A slightly different potential on L may result
in even better focussing. All potentials were obtained from a
single voltage supply by potentiometric division. This assured
optimum focussing without readjustment at all electron energies in
question,

- The electroq gun was operated in the energy range 5 to 400 eV
and delivered a beam current of several microamperes. The current
usually increased with energy. However the current-voltage characti-
stic could be made rather flat by optimizing the electrode potentials,
fhg electron beam through the collision chamber was well collimated.
The current‘F; the collision chamber walls was generally less than 1%
of the focuééed cufrent monitored at the electron collector (Faraday
cup). The é;ergy spread in the beam was about 0.5 eV (FWHﬁ)_aa
determined from the threshold behavior of excitation functions. The
beam diameter was about 1 mm and was estimated from the spatial extent
of luminosity resulting from electron impact excitation of gases in the

collision chamber.



RESULTS

o1 13048 Multiplet

The 01(2p4'3P-2p33338) transition is ‘the first resonance trahsi-
tion of atomic oxygen and consists of lines at 1302.17, 1304.87, and
1306.04A%,13 This multiplet was excited by the impact of 100 eV
electrons on co2 and the spectral region 1280 - 13208 was scanned at
0.8 resolution. The detectable emisglon feature which was‘élosest
to the 13048 multiplet was the CI 13118 1ine. The monochromator was
then centered on the OI 13048 muléiplét And the slits wére set to
yield 6% resolution. The tmage of the 13048 multiplet was‘included in
the unity bandpas; region of the monochromator transfer function. The

CO, pressure in the collision chamber was < 2x10-a torr and the elec-

2
tron beam current was < 2x10-5 amperes. The emission intensitylwas
earlier found‘to be linear with pressure and current at these settings.
The excitation function was measured and the cross section was later
compaxed to the cross.section for dissociative excitation of Lyman
dlpha (HI 121§R) r;diation by electron impact on Hz. The absolute
ctbse‘se§£ion-for the OI 13062 multiplet is shown in Fig. 2.

Tﬁe cross section exhibits an appearance potential at 21 eV %
2 eV and a second feature at ~ 45 eV, then rises steeply to a broad
maximum centered at 110 eV and then decreases monotonically as the
energy increases to‘350 eV. The shape of the cross section shows
the excitation process is electric dipole allowed at higher energies.
2

The absolute cross section at 100 eV is 1.0)(10..18 cm + 187 (Table II).

The excitation cross sections of Ajello7 and Stoka8 are compared



with the results of this work in figurb 3 an& Table IILl., All three
curves are in good agreement regarding the appearance potential,.

There i8 agreement between Sroka ;nd this wo;k for the position of

the second threshold (~45 eV)Aand between Ajellovnnd this work regard-
ing the position of the peak (~110 eV) and the shape at high energles.
The disagreement in shape diaplayeq by Sroka's results At high energles
(> 100 eV) may stem from the effects of electrons backacatte;ed_ﬁlong
the collimating magneti§ field'Ln'Sroka's'experiment. The excitation
fuhctions presented_in Parts I and iI'of.this wo;k exhibit shapes

which are in good agreement with the results of other expérimenters. '

We have no reason to sdspect that the shapes of the excitation functions

for CO, are anomalous.

2
One might at fifst‘think that the dissociative process requiring

the least energy to make 0(3338) would be
e'+cozgk 12;) ~ co(x!st) + 0(3s3s)+e”, (1)
which requires at least 14.97 eV, 1i.e.

o *
T . = Do(C0-0) + T_(0) (2)

= 5.45 + 9.52 = 14.97 eV.

.
However, correlation rules show that the intermediate 002 state must
be ¥ to yield the fragments shown in eqn. 1.14 Since §+ - % trans-
itions are strictly forbidden, eq. 1 does not represent a physically

imporcant mechanism. The observed appearance potential is in good

agreement wicth the mechanism (Table IV),



- 1 -
c-+C02(X L;) s CO(n3n)+O(353S)+e . (3)

T p°(C0-0) + T (CO” T (0"
min = Yo" e( ) + e( )

m 5,45 % 6,01 + 9.52 = 20,98 eV, (6)

The CO(n3u) atate {8 ‘the lowest triplet state and radiates the Cameron
bands in the vacuum ultraviolet,

The second threshold (at 45 eV) probably corresponds to dissocia-
tive iontzation and excitation following removal of a strongly bonding
inner shell eleétrqn in co, (see Discussion).

’

ct 13298 Multiplet

]

The CI(Qa&p3 3P0 - 2522p2 3?) multiplet radistes lines at
'1328.822, 1329,10R, and 1329.58R8 (Fig. 4).13 The excitation function
for the CI 1329 multiplet was measured at a monochromator bandpass of
4.15 R after flirst determining that there were no other detectable
emipston features within this bandpass, ‘the CO2 pressure was < 5x10~4
torr and the electron beawm current was -0 2xl()“5 amperes.  The excita-
tion function was put on an absolute scale at 100 ¢V by comparing it to
the o1 1304 X cross scctlon which was described in the previous section
(rabie 11). The absolute excitation cross section for the CI 1329
waltiplet {a shown fn Flg. 5. The appearance potential (~24 eV) is
only approximate since the counting statistics were poor (~107% at the

peak). The observed appearance potential is compared to possible sets

of states for the fragment species in Table 1V,



The cross section rises steeply from threshold tq a broad
maximum centered at 100 eV and then decreases monotonically at
higher energies. The shape 48 characteristic of an electric ~ dipole-
allowed process, The scatter in the data is too great to determine

whether these is a second threshold at ~45 eV,

CI 1561 & Multiplet

TheC-I(ZsZp3 3Do - 2322p2 3P) multiplet radiates lines at

1560.31, 1560.70, 1561.29, and 1561.663 (Fig. 4).13 The CI 1561
ﬁultiplet was overlapped by the (1,1) and (4,3) bands of the CO
fourth positive system which were excited by dissociative excitation
of COz. The bandheads lie at 15608 and the bands are degraded to
longer wavelengths so that they overlap the entire multiplet. An
excitation function was measured at 128 resolution for the sum of
the (1,1) band, the (4,3) band, and the CI 15618 multiplet (Fig. 6).

The appearance potential corresponds to the threshold for dissociative

excitation of the v'=1l vibrational level of the CO(Aln) state, 1i.e.

e‘+coz&iz;) ~ coaly, v'=1)+0(3P)+e )

colmy 00()(1):“‘)“‘\,1 L
’

o . .
Tmin“ DO(CO-O) + EV.BIHS.AS + 8,21=13.7 eV.

The shape of the excitation function of the (1,1) band has been



reported elsewhere3 and 18 shown by the dashed line in Fig. 6. The
(4,3) band is only 1/10 as intense as the (1,1),
A second threshold occurs at ~26 eV and can tentatiQely

be identified with the total dissociation process (Table IV)

e+ c02(§12:) ~ c(282p° 30%)+0(3R)+0(p)> (6)

ci’® - cip + hv)sg’

T, = Dz(co-0)+no°(c-0) +E

min 1561

e 24,51 eV.

The cross section rises steeply thrdugh a subsidiary maximum
at ~38 eV to a third threshold at ~46 eV after which it rises to a
broad maxigqm centered at 105 eV. The structure at 46 eV probably
repreaents.hissociative ionization by removal of an inner shell elec-
tron-from the 308 orbital of 002, as discussgd ‘n the section on
0I., The absolute total cross section (bands + multiplet) was deter-
mined at 100 eV by comparing with the OI 1304 cross section and was
found to be 9.7;(10-19 cmz'iZZZ of which 7.5x10.'19 cm2 was due to the
CI 1561 multiplet, The shape of the cross section at high energies

is characteristic of an electric dipole allowed transition.

CI 16578 Multiplet

3 2p2 3

The CI (2p3s P° - P) multiplet consists of lines at

13
1656.26,1656.92, 1657.00, 1657.37,1657.89, and 1658.11% (Fig. 4). “The
CI 1657 multiplet was overlapped by the (0,2) band of the CO fourth

positive system which was excited by dissoclative excitation of C02.



The excitation function for the sum of the (0,2) band and the CI 1657
multiplet was measured at 16.68 resoiutfon (Fig. 7). The appearance
potential was 14 eV + 2 eV in good agreement with the expected thre-
shold (13.53 eV) for excitation of CO(Aln, v'=0) by the mechanism of
eqn. 5. The shape §£ the excitation cross section for the CO 4t (1,1)
band has been reported elsewhere3 and is shown by the dashed line in
Fig. 7. A sééond threshold occurs at ~25 eV and this is consistent with
production of the CI 1657 multiplet by the total dissociation mechanism
(Table IV) which requires at least 24.06 eV of energy (neglecting
kiéetié energy of the disgociation fragments). A third threshold occurs
at ~50 eV and probably corresponds to dissociative ionization and
excitation. The cross section rises to a broad maximum centered at.
~110 eV and thereafter decreases with increasing emergy. The shape is
characteristic of an electric-dipole-allowed transition. The value .

18 2

of the total cross section at 100 eV is 1.Sx10- cm % 227 of which

l.lndO-'18 cm2 is due to the CI 1657 multiplet.

CII 1335 R Multiplet

The CIIX (232p2 2D - 2822p 2PO) multiplet consists of lines at
1334.53, 1335.66, and 1335.71 R(F1g. 4).'> The excitation function
(Fig. 8) was measured at 4.15  resolution and no other emission features
were detected in this bandpass. The appearance potential is 44 + 2 eV

and 18 compared to possible states of the dissociation fragments in



Table 1V.. There are many possible sets of sgatcs which have-Tm1n < 44 eV,
The excess encrgy may be stored in the electronic structure'gf the.oxygen
atoms Oor may appear as kinetic eriergy. .It cannot represent a canc'ac;é mech~
anism in the CII ion since the emission cross section of the CII 13§2ﬁﬁu1ti-
plet was found to be less than 2% of the CII 1535 cross section at 100 eV

(Table 1I). The CII 1335 cross section rises smoothly from threshold to a

broad maximum which is centered at ~170 eV and then decreases monotonically

19 cm2 + 23%

at higher energies. The absolute value at 100 eV is 7.6x10°
and the shape is characteristic of an electric~dipole-allowed transition.
The present data are compared with the data of Ajello7 and Srokaa in
Fig. 9 and Table V. The shapes are in good agreement but Sroka's absolute
values differ by about a factor of two from Ajello's. Ajello's work and the
present results are the preferred values since these experimenters utilized

recently developed calibration techniques which enable accurate calibra-

tion of monochromators over the wavelength range 1100 ~ 2600 A,

DISCUSSION

In this paper we have presented excitation cross sections (0 - 350eV)
for multiplets of OI, CI, and CII by electron impact on C02. All of the
observed excitation processes were electric-dipole-allowed at high energies.
The 01 BOLA multiplet exhibits an appearance.potenttal corresponding to
the fragments CO and O. The CI and CII multiplets exhibit appearance

potentials which are larger by several volts (~5) than the lowest

- 10 =~
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4
posgible encrgy for produciug € + 02 or +0?,rcnpcctlvcly.

Thus, (f O2 18 a dlrect dinnociation frapment, there {8 ~5 eV

avallable for dintributfon among the fragmenta, The close apgrce-
ment between the excens enerpy snd the bond enerpgy of 02 sugpeate
that the CO2 fragments completely. The excitation function for
the OI and CI multipletn exhibit seccondary thresholds at-~45 eV
while the CII 1335 multiplet exhiblits an appcarance potential at
~44 eV, This strongly suggests that these secondary thresholds
and the CII appearance potential are consequencen of dissoclative
fonization by the rémovnl of a strongly bonding electron from an

inner shell orbital of CO This hypothesis is supported by the

2"
known charnctertatica of the molecular orbitals of COZ'

The pround configuration of CO, may be written,

2

14, .2 2, .2 2 2 2, 4 4
o (S {, .
€0, (X2 ") (10,)"(10,)"(20,) (30 )"(20,) (40 )" (30,) " (1, )" (1m )
The ivnner ghell electrons have vertical ionization potentials

of 13.8, 17.6, 18.1, and 19.4 eV, corresponding to removal of an
15

electron from the lng, lnu, 300, and 40  orbltals, respectively,

The next ionization limits of CO2 have been calculated to be at

42 eV and 45 eV, corresponding to removal of an electron from

the inner shell 20u and 30‘ orbitals, respectivaly, Moaaturements

of the photoelectron spectrum of 002 have shiown that the lng, 30u.

and 6ng orbltale are non-honding while the lu‘l orbital is strongly
"

15
bonding in character, These renults confirmed the calculations

. 17
of Peyerinhioff et al, and showed that Mnlllknn'nlB orlginal

(7)



classification of the bonding character of the 0 - type orbitsls
was incorrect., Peyerimhoff's results also predicted that the
orbitals 3og;and Zou should be strongly tbonding. The remaining

orbitals (Zog, lou, 108) may be regarded as -atomic -oxtbitals (lsc, lsob
¢

130) and are -very tightly bound, playing no further role in this
discussion.

The 20, orbital is composquprimarily of (Zgo - 2q°) character
and removal of an electron from thisAorSital will result in an excited
oxygen ion if the core COZ+ dissociates. The 308:0tbita1 can be
written (23o + Zsc +.280) and dissociation following removal of an ‘
eleétfon from the 30g orbital will have a certain probability of
producing a carbon ion with the configuration CII(132252p2). We
have observed production of this state (i.e. we observed the CII 13358
multiplet) and found the‘appearance potential to be ~44 eV, The
three independent measuréments of the appearance potentiel are in
ag:eemeht with a value of 45 eV (Table V). We conclude that the
'Cil 133§R.mu1tip1et 1s produced by removal of an electron from the

'jbg orbital accoﬁpanied by dissociatioﬁ of the core 1on. Since the
3o8 orbital 18 composed of a.linear combination of atomic orbitals
(280, 28c, and 280) we expect that removal of an electron
from that orbital will have a certaim probability to produce
OII(lsZZszpa) + O1 + CIL. Thus one expects to find radiation at
833,88 lQII(ZsZpA- 2322p33 with an appearance potential at 42 or

45 eV depending on whether dissociative ionization from the ZOu

orbital also occurs,. Sroka8 observed an appearance potential of

- 12 -



~48 eV for this multiplet which suggests that only the 308 orbital
is involved near threshold.
The observed appearance poientials for the CI multiplets

fall in the range'21-26 eV (Table 1IV). These processes must repre-
_sent dissociative excitaticn througﬁ doubly excited valence states
of 662 rather than through Rydberg states belonging to the known
fonization limits since the Rydbergs of a given series lie within
~4 eV of the ionization limit. There are no Rydberg states between
~19.4 eV and ~38 eV. However, when the statistics of the data allowed
a determination of the structure in the cross section, we found
secondary thresholds at <46 eV(CI 15618) and ~50 eV (CI 16572).

These values may be high by several volts. The structure in the

CI 15618 cross section can be understood as excitation of a Rydberg

state of the 308 orbital which leaves the 28 electron of the carbon

atom in the 2p level after dissociation.

CONCLUSION

In this series of papers we have described absolute cross
sections for dissociative excitation of Hz, 02, Nz. COZ’ and CO
by electron impact to yield vacuum ultraviolet features in the
wavelenéth range 1165 - 19008, These data were needed for calculations
of the primary production rates of these features by secondary electrons
in disturbed plenetary‘atmosphereslg(aurora) and by photoelectrons
in the dayglows of Mars and Venua.6 In addition to the practical

applications of these results, they provide insight for better

- 13 -



understanding the phenomena of molecular dissociation and demonstrate
the need for careful experimcntol.brohtng~of molecular states (stable

and unstable) aBove the first ionization limit,
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TABLE I, ELECTRON GUN PARAMETERS

_ Electrode - Potential Aperture diameter
: ‘ (mmm)
Filament F - Vo
Grid G : " 0.6V d, = 1.5
: : (] 1
Anode A # 4.3V, d, = 1.5
| d3 = 6,3
Electrode L + 4.3 v,
Decelerator P f 0 d, = 6.3
Cblliaion Chamber | 0 d5 = 3,2
Electron Collector| + 13 volt

*
See also Fig. 1 and text,



TABLE 11, ABSOLUTE EMISSION CROSS SECTIONS
FOR MULTIPLETS OF 01, CI, AND CII PRODUCED BY ELECTRON

IMPACT (100 eV) ON CO

2°.

i

CII 1335

This work Ajello Sroka
o1 1304 R *1.04(-18) + 18% * 7.56(-19)£30% | *5.7(~19)
e1 1329 R *2.67¢-19) * 21% 2.50(-19) --
c 1561 & * 7.50(~19) + 30% 6.79(~19) --
o1 1657 & *1,45(-18) + 23% 1.31(-18) --
c11 1324 § 1.33(-20) + 23% --- -
*7.60(-19) + 22% * 7.6(-19) | *8.8(-19) -

' % w excitation function presented,




' TABLE III. COMPARISON OF RESULTS FOR THE OI 1304 X
MULTIPLET ' ‘

.. N ‘..t ) e e — e e o S e e )
, | ¢ This Work .- - - -Ajello™ -| - - Sroka

" Thresholdi 21 £ 2 21 & 2 21.5

~45

2nd Thrésholw |  ~45. 35

| peak ~a0 | 100: 160-175

a. Ref. 7-
b. .Ref. 8



\

TABLE 1V

Appearance Potentials for Atomlc VUV Emission Features

Produced by Dissociative Excitation of CO,.

Multiplet Possible configuration of Minimum Appearance
Dissociation Fragments Potential, eV
Theoretical Obgerved
o1 13048 01(3s 3s) + co(alm 123.00
0I(3s 3s) + cO(a’m) 20,98 21
0I(3p 3p) + coxlyh) 16.43 (a)
01(3s 3s) + coxlyh 14.97 (b)
c1 13298 c1(2s2p> %) + 201(2 4 3py 25.90 24
C c1(2s2p° %) 4 o 35 20,82
cI 15618 cr(2s2p> 3p°) + 201(2p2 3 2,51  ~26
cr(zs2p” 20 + 0, (x> 2 19.43
CI 1657 CI(3s 3P°) + 2 01(2p4 3?) 26.05  ~25
CI(3s 3p°) + 0,( zg) 18.97
crr 13358 cm2s2p? Zp) + 2 o1(2p” p) 37.11  ~bb
c11(2s2p® 2py + 01(2p" by + o1(2p”* 3p) 39.07
c11(2s2p® Zp) + 201(2p" 'p) 41.03
c11(2s2p® %0y + o1(2p* 's) + or(2p” 3p) 41.30
c11(2s2p® 2p) + or(2p” sy + o1(2p” o) 43,26
cr1(2s2p? 2p) + 201(2p° ls) 45.47

a. The OI(2p 3P) cascades to

0I(3s

3S) through emission of a photon at 84478. 1In

one very good data run we saw a feature which had a threshold at ~16 eV and a
cross section of ~1x10~ em?. The shape seemed to peak near threshold. We
have not included this feature in Fig. 2 since we had trouble reproducing the
obgervation.

This combination of final states can arise only from a % intermediate
CO% state. We can therefore exclude this set of final states since 5+ -» v
transistions are forbldden by electric dipole interaction.



TABLE V.

A COMPARISON OF SALIENT FEATURES OF THE dI*I 1335 &

iCROSS SECTION,

: This Work Ajello® Sroka® ',
Threshold ~44 eV | 45 ev 45 eV
Peak | = ~175ev ~170 eV 170 ev
o(170 ev) | . 10.0(-19)cm’ 8.3(-19)cn’ | 13.5(~19)cm’

a. Ref, 7,0

b. Ref. 8,



- LAE OF FIGURES

Fig. 1. Schematic diagram of the electron gun showing the filament
(F), grid (G), anode (A), lens (L), final electrode (P),
and the apertures (dl’ d2’ d3, d&’ dS)'

Fig. 2. Absolute cross section for dissociative excitation of the

OI 1304 & resonance multiplet by electron impact on COz.

The solid curve represents the smoothed data,

Fig. 3. Absolute cross section for dissociative excitation of the

01 1304 & resonance multiplet by electron impact on COZ:

-~~~ Ajello, e~-<= Sroka, Present results,

Fig. 4. Partial term level diagram of CI and CII showing the multiplets
observed in this work.

Fig. 5. Absolute cross secfion for dissociative excitation of the
CI.1329 ' multiplet by electron impact on COZ' The solid
curve represents the smoothed data,

fig. 6. Absolute c;oss section for dissociative excitation of the
CI 15618 multiplet by electron impact on C0,. The dashed.
curve represents the contribution of the (1,1) viﬁrational
band of the CO foﬁrth positive group. The solid curve re-

presents the smoothed data.

Fig. 7. 'Absolu§e cross section for dissociative excitation of the
cI 16578 miltiplet by electron impact on co,. The dashed curve
represents the contribution of the (0,2) vibrational band of the

CO fourth positive group. The solid turve represents the smoothed

data.



Fig. 8. Absolute cross section for dissociative excitation of the

CIT 1335.8 _ multiplet by electron impact on CO,. The

2.
solid line represents the smoothed data.

' Fig. 9. Comparison of cross sections measured for dissociative
excitation of the CII 1335 & multiplet by electron

impact on 002: ----- Ajello,———~>—=Sroka,

present results.
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