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Recently {1,2] the angular distributions of Auger electrons ari-
sing from the decay of double-vacancy states in Ne were measured for
the first time. The doubly ionised Ne atoms wore produced in colli-
sions of 5.5 MeV/a.m.u. N93+ iong with Ne atomg. The K Auger spectrum
was studied in the 782-805 eV energy range, where apart from the
K-LyL, 5(’P) and K-L, 38y 3('5,'D) diagram lines there were satellite
lines arising from the decay of doubly ionised neon atoms, namely the
KI.--LL2’3L2’3 satellite transitions, where one of the initial vacan-
cles (K) decayed and the other (L) was a "spectator".

In heavy ion-atom collisions production of several vacancies in
electron shells is highly probable. Therefore, the intensities of the
KL-LL2,3L2,3 satellites are of the same order of magnitude as those
of diagram lines or even'greater. This facilitates the measurement of
the eanguler distribution of satellite lines.

Investigations of. the angular distribution of satellite lines in
the Auger spectrum gtarted by Ricz et al. ﬁ,ZJ are of interest for
two reasons, Firstly, the satellite spectrum is in general very com-
plicated and conventional data used for the identification of lines
(trensition energies and line intensities) may be insufficient. For
example, in the energy region considered the energy separation 9of two
neighbouring peaks is 1 4o 3 eV, However, the majority of existing
theoretical methods give ‘iie line energy with an accuracy not better
than several electronvolts. It is obvious that in such a case it is
easy\to make a mistake. Cowparison of line intensities involves dif-
ficulties becauge it is necwgsary to know the initial population of
highly excited states with iLwo and move vacancies produced in ion-
atom collisions, which in ilonlf is an intricate theoreotical problem,
Measurement of the angular di:irvibutions gives additional information
which can help to identify 1.4 since, as will be seen from the fol-
lowing, different lines have, ‘u gesueral, very different anisotropy
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' (he angular dintribution. Secondly, the study of the angular dig-
ibution of gatellite lines of the Augor spectrum is of independent
terest becaugse 1t allows one tc obtnin new information on the ato-
¢ electron shell, such as the interaction of vacanciesg in the atom,
ectronic state relaxation in the prueuenca of holes in some gub-
glls, etc.

In the present paper the results of theoretical study of the
~LLy 3L2 3 satellites in Ne are presented. Ag far as we know, in

e 11~e1qtu1e there are no other theoretical studies of the angular
stribution of satellite Auger transitions. We have calculated the
gular distribution coefficients, relative intensities and energies

gatellite lines.,

First consider the angular distribution. As has already been men-
oned, in the 782-805 eV energy range there are diagram lines cor-
sponding to the K-vacancy decay. According to the general theory
], their angular digtribution must be isotropic, which was confir-
d by the experiment ﬁ,Z]. The satellite spectrum in this energy
gion is rather simple and contains six lines arising from the fol-

wing trensitions

“las~1('s) - 25712p7%(%D) ¢ [116 pp ( s - °p)]
2571(®s) - 2s712p™%(%p) q [116 pp ( s - °p)]
'12;)'1(1?) - 2p72(%p) q (125" pp ( P - °D)]
15712571 (2) - 2p72(%0) q [125 pp < - »)]
1s ‘2p ey - 2p72¢%p) ¢ (125 pp ( = P)]
157'271Cp) - 2p73¢%p) g [125 pp Cr - 2p)]

. the following we shall use the notation of lines which is given

| squere breckets. o

Tne unpolarised beams of atoms and ions were used in the experi-
:at {1,@ . In this case the angular distribution of Auger line in-
:ngity is determined by the expregsion [I

1(6)= L’(i+ Z oc,\ﬂ P, (Cos 8)) (1

1ere Io is the total lntenslty of Lhu line, C(k ara the anlaotropy
irameters depending, in genoral, on the Auger decay amplitndus,?fko
iaracterise the alignment of tho 'initial exoitod state, produced in
* ion-atom collision, P, (Cos 6 ) aro the Legendre polynomials and

§ is the angle between the initial ionic beam direction and the di-
:ction of Auger electron.
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i ) £ r 3 +
r to obtain the anisotropy coefficients &, for the two

‘ 1, 3p2 it is cens 0 enleulate the parame-
initions 129pp( ' P-"P), it is neceasary t y pardm

.o 0L, which depend on the Auger decay
3 c difrferent orbital angular momenta may be

m orde
amplitudes since in these

neitions electrons with
tted { 8 and d electrons).
decay amplitudes were calculated in the independrnt par-

The Auger .
For calculating the Coulomb matrix elements in-

le approximation.
we usced the Hartree-Fock wave functions. The additional L-va-

ev in the initial and final states was taken into account in tha
lowing way. The wave functions of the vacancies involved in the

or decay were determined in the field of the L-hole which acted as
spectator". The wave function of the Auger electron was found in
rield of & triply ionised atom. Such determination of the single
rtron wave functibns corresponds to *tue inclusion of a certain

; of many-electron interactions [4].
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Table 1 .

‘ne energies, relative intengities and angu}ar anisotropy
sarameters of the KL—LL2 3L2 3 transitions in Ne
] ’

E (eV) I as

sansition

exper. [2] theory  exper.[1] theory exper.[2]theory
o(°P - 2P) 783.19  783.4 0.304  0.324 0.11 (3) 0.15
2P - °D) 785.49  787.1 0.547  0.693 =0.07 (4) -0.18
(%5 - %n) 785.97  7187.8 0.297  0.294 -0.15 (7) 0.00
wo('p - %p) - © 1787.55 787.6 0.139  0.108 0.08 (6) 0.15
o('p - 2p) 790.29  791.2 0.231  0.231 -0.18 (3) ~0.18
wi's - 2p) 792.21  795.9 0.072  0.098 0.00 (6) 0.00

5-15 seen from Table 1, the calculated values of the anisotropy
Ticients agree well with the experimental data. Bxceptions are
transitionsg 125pp(3P - 2D) and 116pp(38 - 2D), which belong to
experimentally unresolved doublet. In our model the transition
p(BS - 2D) should be igotropic (see above), whereas experiment

s a large anisotropy (2]. On the contrary, according to the cal-
tions, the transition 125pp(°P - °D) should be nonisotropic,

ess in the experiment [2) it iy practienlly isotropic. Ricz et al.
pointed out the uncertainty in the decomposition procedure for
unregolved doublet and the resulting ambiguity of identification.
# analysis of the experimental data seems to be desirable with
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the inclusion of the remtrictions imposed by the —— diétr*bution
Propf}x‘ti(}s.

It is interesting to compavre the theoretical ang exporimental ani-
sotropy for the unresolved doublet, The averago anisotropy of a doub-

(1) 2

I¢ a! *If,)a(f)
(1) (2)
PR b

let is

Q,=

where I i3 the intensity and a, is the anisotroﬁy coefficient of
the line. The superscripts (1) and (2) refer to the lines 12Spp(3P~ZD)
and 116pp(35-2D). Using the published data [1,2], one can obtain the
following anisotropy coefficient for the doublet Eé = -0,108. Tne
corresponding theoretical value 32 = ~0.127 agrees fairly well with
the experimental one, therefore, our gimple model 1is not inconsistent
with the experiment.

Table 1 lists the energies of the satellite Auger transitiong.They
were determined as the difference of the total Hartree-Fock energies
of doubly and triply ionised atoms. Ion €nergies were calculated by
solving self-consistently the system of the Hartree-Fock equations
for the initial two-hole state and final three-hole state separately.
This procedure allows one to partly take into account the effects of
interaction of the vacancies, hole relaxation, etc.(4]. The energies
of the satellite lines found in this way agree fairly well with the
experimental results [1,2]. The discrepancy is 1 to 3 eV.

We have also calculated the relative line intensities, The double-

vacency siate populations were' determined as follows. Suppose that the

probabilities q, of production of n vacancies in the L-shell (in

additicn to the K-vacancy) have the bincmial distribution

q = Y Cépi(i-ps)z-iCép;(i'pp)é-k (4)

ittk=n
Wnere ¢ ¥ ig the number'of combinationa of k electrons chosen froa
m . ~
s 4 { the ionisation probabilities of the
& set of m. T ratio pp/ps of the ion : PY i S Arv“
Lg 3 8nd L yshells is known from the analysia of experiment {5]
’ 1

to'be 1,57, U .z this value, oxpression (4) snd the caleulated am-

Plitudeg of Atoop decay, we calculated the rointive nteusities of
AR C » >3
novnmalise

the satellite .ines. For comparison with tho cxpeviment wo

, 1 @ N
our results to the intensity of the 125pp( f” D) Line. Tho :
intensities thun obtained agree satisfactorily with the experimental

& JOTLN 2 3 "

relative

data (see Tabl- 1),
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F L pigon of fthe results of our calculationg
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+

and experiment [1,2]

' ] . ey I‘ﬂt;’l':p n
Ww‘u¢1on of various experimentel data. The only excs

BT gistribution of the 116pp(’s-2p) ana 12
ﬁﬂ‘JL :

wwhﬁh an additional analysis is needed,

i

b the gimple model used in this work giv 3
t “ooa

ption {y the
v Iy 2 .
2pP("P~"D) doublet,

purther investigations of the angular distribution of the gatel-
o Auger lines, in our opinion, appear to be very interesting and
BfUlespecially for the problem of identification of lines in com-
ix spectra.
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