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We performed calculations of transfer-loss probability and differential cross section
within the framework of the independent particle model (IPM). The initial and final
configurations for the studied process are: O°* (1s%2s) + He — O°* (1s2s2p) + He'
+ ¢ . For the projectile final state there exist three 1s2s2p alternatives, with the
spectroscopic notation P, *P. and ?P.. One of the possible mechanism resulting in
these final states, is the so-called transfer-loss (TL) process in which the ionisation
of the projectile 1s electron occur simultaneously with the transfer of a target 1s
electron to the projectile 2p subshell. The TL results for the production of the *P, are
compared with older measurements by Toth et al. obtained using the method of
zero-degree Auger projectile electron spectroscopy [1]. Our result is smaller by a
factor of 2 comparatively with experimental data.

Introduction

The study of projectile ion states by
state-selective zero degree Auger projectile
spectroscopy is a sensitive method for
studying the fine details of the collision
mechanisms. For more complicated proc-
esses, there are existing experimental data
[1] in the literature, which need to be under-
stand quantitatively.

In the present work, we make an attempt
to interpret and describe the transfer-loss
process within the framework of the IPM.
We also report the first set of extended cal-
culations performed for O°" projectile im-
pinging on He targets. The experimental data
[1] for our investigated system are obtained
with the high resolution technique of zero-
degree Auger projectile spectroscopy. The
experimentally studied KLL Auger transi-
tions, where TL ought to contribute at low
impact energies to the production of the
1s2s2p parent configurations, were 1s2s52p
2p_(parent state: 1s(252p °P) °P), 152s2p *P,
(parent state: 15(2s2p 'P) *P), 15252p *P, and
152s* %S. The final ionic state for all the
Auger transitions is 15° 8.

In this study, we restrict our considera-
tions to the determination of the TL contri-
bution to the P state only. The TL process
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contributes mostly at low projectile energies,
where the transfer probability is dominant. It
falls off rapidly with energy beyond the
threshold for the dielectronic excitation pro-
cess (eeE). TL is a two step process, which
consists of the transfer of one electron from
the target to the 2p states of the projectile
and a simultaneous ionization of one of the
1s projectile electrons. It can give rise to all
the 2P, ?P,, %S and *P states.

We also should consider processes of
more than two-steps, which may also lead to
the same final configuration. We consider
here only one such process, the double
transfer and loss (TL) process followed by
autoionization: a double electron transfer to
empty projectile shells with n>2, with the
simultaneous loss of one projectile K-shell
electron, resulting in a 1s2sndm,l, configu-
ration. It is worth noting that at these lower
projectile velocities, only TL and T’L may
contribute to the production of the ‘P state
because spin-flip is practically forbidden.

Methods of Calculation

In general, two- or more-electron transi-
tions occurring simultaneously may be con-
sidered as a correlated process. However,
within this study, we shall apply the inde-
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pendent particle model (IPM) to all the cal- pact parameter b as the product of the transfer
culations. Our basic goal is to study, whether (capture) and loss (ionization) probabilities:

the IPM is able to reproduce the main tenden-
cies of the experimental data, or even provide Py (b ) = P (b ) Py (b) @

a quantitative agreement with them. Let the We are more interested, however, in
transfer probablhty Pr represents the process calculating the probability for the produc-
He (1s) -> O/ ,(2Pm), while the loss probabil- tion of an uncoupled determinant state,

ity P, the O>(1s) > 0f "(continuum) transi-
tion. If both probabilities are small, within the
framework of the IPM, one may approximate
the transfer loss probability at a particular im-

e.g., | 1sT2sT2p,T >, for the projectile
ion. Accordingly, the transfer and loss prob-
abilities can be written as:

PTZP'" =PHe(l;‘)—->05+(2pm) - PHe(lA‘)—->05+ (any shell) ) > @)
and
P = POS*(ls)—>0‘>+(contznuum) (- P05+(1s)-—>(any state) (1~ Pof*(zs)—»(any state) ) ©)

where the terms in large parentheses repre- In the calculation of the Auger produc-
sent the probabilities that no other events tion cross section at the specific angle of
happen, which may destroy the studied con- zero degrees, for the *P state one should pay
figuration. For the “any state” probabilities careful consideration to the angular mo-
we consider the excitation from the ground mentum coupling schemes, the de-alignment
state of O°" into a set of excited and contin- effects, and the Auger yields. This way, the
uum states, and "any shell” represents an ad- calculated Auger-production cross sections
ditional capture to oxygen. may be directly compared to the single dif-

The electron transfer and the target ioni- ferential cross sections extracted from the
zation probabilities have been calculated measured Auger line intensities of the spe-
within the framework of the continuum- cific state of interest.
distorted wave (CDW) approximation [2].
The projectile excitation and ionization Results
probabilities (right side of Eq. (3)) were cal-
culated in the framework of a first order The calculated zero-degree single differ-
semiclassical approximation (SCA) using the ential Auger production cross-sections for Li-
code of Schiwietz [3] by properly taking into like O on He in the 3-10 au. projectile impact
account the screening effect due to the elec- velocity regime is compared to the experi-

trons of the neutral target [4]. Both CDW mental data [1] for the ‘P Auger transition in
and SCA calculations have been performed Fig. 1 As already known, at higher energies,

in first order. Since the calculated one- the P state 1S produced by the mechanism of
electron probabilities were sometimes large exchange dielectronic excitation (eeE) [6, 1].
(il’l some cases larger than unity), we utilized At lower energles we expected the TL [7]
a correction introduced by Sidorowich et al. and T?L processes to dominantly lead to the
[5] to keep unitarity in such cases. production of the “P state. Though we have
Finally, the TL cross section for the not obtained a good quantitative agreement,
above determinant state is given by: the present calculations support this model for
hstapt He target. The projectile-energy dependence

Op = @ of thef datz}\1 is we(lll rgproduced by the t(:ak:ula-

25 tion for the studied system. The difference

=2z f dbb P, TILT2 e ®) . between the measuredy and calculated cross
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sections most likely originates in the present
CDW calculations -for electron capture. The
calculated electron loss cross sections alone
are in good agreement with experiments [8].
In the present work, we emphasize the princi-
ples of our elaborated IPM calculation
method. The extension of the calculations to
other collision systems and other Auger states
is in progress.
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Fig. 1. Auger zero-degree single differential cross
sections for the production of 152s2p *P states in O°"
collisions with a He target. Symbols: ® experimental
data [1]; Solid line: scaled dielectronic excitation
(eeE) including exchange based on the impulse ap-
proximation (IA) [1}; Dashed line: present transfer-
loss (TL) calculation; Dotted line: sum of the TL +
T’L contributions.
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INPOLLECHU 3 BTPATOIO IIEPEHOCY B 3ITKHEHHSX

0.2-2 MeV/u O°* + He
B.1lyxix' , T.M.M.3ypoc?, A.Op6an’, JL.Tysmn’

! TreTuTyT SnepruX HocHimkeHs Yropeskoi akagemii Hayk (ATOMKI),
Hebpenen, Yropiuza
% ®isuunnit GaxymsTer, Kpitcokuit yaisepeuret, L.E.S.L.-F.O.R.T.H.,
I'epaxnion, KpiT, I'penis

V pamMkax MOJIeNi He3aNeXHUX YaCTUHOK HaMH BUKOHAHO PO3paxyHKH HMOBIPHOCTI
BTpaTH nepeHocy Ta AudepenuiansHoro nepepisy. Ilouarkosa I kinneBa KoHi-
rypauii zocnimkyBaHoro npouecy € Takumu:: O°° (15°25) + He — O°' (15252p) +
He" + ¢ . [lna KiHUEBOrO CTaHy HaliTarouol YacTUHKM iCHYIOTh TpH 1s2s2p
AIBTEPHATHBE 31 CMEKTPOCKOMmidHMMHM mosHauewHamy ‘P, *P. i *P.. Ommum 3
MOXKJIMBUX MEXaHi3MiB, [0 Beae OO IMX TPHOX KiHUEBHX CTaHiB, € TaK 3BaHi
TIPOLECH BTPAT NMEPEHOCY, B AKUX iOHi3amis ls-enexTpoHa HaniTarod0l YaCTHUHKH
BinGyBacThCA OLHOYACHO 3 MEpEeHEeCeHHAM ls-elIeKTpoHa MilleHi Ha 2p-mia-
000JIOHKY HANITAIOUOI YaCTHHKY. Pe3ysibTaT 3 ypaXyBaHHSM BTPaTH NepeHOCy NpH
yrBopensi ‘P nopiBEAHO 3 Gimbmn pamHimMu BuMipioBamHsMu TOBTa Ta iH.,
OEPKAaHUMHU METOIOM €NeKTPOHHOI OXKe-CIEeKTPOCKOMIT I HATiTar0uol YacTHHKY
npy  HymssoBoMy Kyri. Hami pesynsrar BABiui MeHm B TOPIBHSHHI 3
eKCIIEPUMEHTATBHUMH JaHHMU.

327



