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Calculation of electron-Cs scattering at intermediate energies
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The convergent close-coupling method is applied to the calculation of electron scattering from cesium atoms
at intermediate energigd, 13.5, and 20 e} Although we use a nonrelativistic model, good agreement is
obtained with experimental data for the elastic differential cross section and the spin-exchange asymmetry.
This rather surprising result indicates that relativistic effects are less important for these observables than a
proper representation of the target continuum sta®&5050-294®6)00608-7

PACS numbd(s): 34.80.Dp, 34.80.Bm, 31.15p

Electron scattering from alkali-metal atoms has been obf the two polarization vectors, ane® and o'are the contri-
great interest for many years. These collision systems prasutions to the differential cross section for unpolarized
vide an ideal test ground for experiment and theory sincebeams from the singlet and triplet total spin channels.
from an experimental point of view, the target is generally While the CCC method has been very successful in de-
easier to prepare than atomic hydrogen while, from a theoscribing electron scattering from quasi-one-electron systems
retical point of view, the target structure is very much hydro-as well as heliunj11], the applicability of the existing non-
genlike. The latter point is important, since the experimenyg|ativistic code to electron collisions with heavy targets
tally known target structure is relatively easy to reproduce byy,chy a5 cesium is questionable, since relativistic effects are
using simple model potentia4]. Consequently, the remain- ¢,mmoniy thought to be important for this collision system.

ing uncertainty about the target structure is small, and it 199N the other hand, the degree of importance depends on the

very likely that any d|sc.repanC|e's petween accurate ?Xpe”éxperimental observable of interest. Whereas a relativistic
mental data and theoretical predictions are due to an msuff%-

, . - ramework is definitely necessary to obtain a nonvanishing
cient theoretical model for the electron-atom collision pro- : o . .
cess result for the spin polarization after scattering of unpolarized

The usefulness of alkali-metal targets as a candidate fot?lectrons from unpolarized target atoms’ such an adva.nced
detailed testing of atomic collision theory was demonstratedn€0ry may not be necessary to describe the total and differ-
in a very clear form by the comparison of experimental dateE"tial cross sections for this case, or even the spin asymme-
for spin-polarized electron scattering from spin-polarized sof"y (1. In fact, Breit-Pauli and Dira&-matrix calculations at
dium atoms(measured by McClelland, Kelley, Celotta, Lor- low energies[12,13 indicated that relativistic effects may
entz, and Scholtefi2—4]) with various theoretical predic- indeed be of little importance for the spin-exchange asym-
tions based on perturbative, such as second-order Bdrn  metry. This can be seen, for example, from Fig. 7 of Ref.
and nonperturbative close-coupling-type,7] methods. It [12]: If relativistic effects were dominant, one would expect
was found, for example, that the experimental data for the dependence @&®* on the orientation of the beam polariza-

elastic differential spin asymmetry tions relative to the scattering plane; however, the predicted
. results for AT and A" (perpendicular and parallel to the
ASX— 1 Ny=Nyy oo (1) scattering planewere nearly identical.

"~ PAP¢N; +Ny;  o%+30" Consequently, we have applied the CCC method in its
nonrelativistic form to thee-Cs collision problem. Below we
at intermediate energies could only be reproduced by thgresent results for elastic scattering at 7, 13.5, and 20 eV,
close-coupling methods that accurately treated the sodiuwhere relative differential cross sections have been measured
target continuum8,9]. The most accurate of these is the by Gehenn and Reicheftl4] and spin asymmetries have
convergent close-couplingCCC) method, introduced by been published by Raitét al.[15,16. We are not aware of
Bray and Stelbovic$10], where full coupling between the any other theoretical attempt to calculate these parameters in
discrete target states and the target continuum, representetls intermediate energy reginfeetween about two and five
through a large set of square-integrable pseudostates fromtimes the ionization thresholdwhich is very difficult to
Laguerre basis, is includdd]. In Eq. (1), P, andP. are the  handle from a theoretical point of view. Further motivation
spin polarizations of the target and electron beas,and  for the present work was the availability of experimental data
N, are count rates for antiparallel and parallel orientationgor total cross sectiongl7,18 and the total ionization spin
asymmetry[19]. Note that the CCC method is an ideal ap-
proach to investigate the apparent problem of other close-
*Permanent address: Department of Physics and Astronomygoupling calculations with discrete states only which, ac-
Drake University, Des Moines, lowa 50311. Electronic addresscording to Jaduszliwer and Ch4f8], “have yielded total
klaus@bartschat.drake.edu cross sections which are consistently hjgbmpared to ex-
"Electronic address: I.Bray@flinders.edu.au periment over the covered energy ranfigp to 18 e\[.”
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FIG. 1. Differential cross sectioftop) and spin-exchange asym-
metry (bottom) for elastice-Cs scattering at an incident electron
energy of 7 eV. The relative cross section data of Gehenn and

scattering angle (deg)

FIG. 3. Same as Fig. 2 except for an electron energy of 20.0 eV.

In the present CCC theory we treat Cs as a hydrogenlike

Reichert 14] were normalized to the CCC theory at small scatteringtarget with one active electron outside a frozen daile The

angles. The asymmetry data are taken from RES]. See text for

details of the theoretical models.
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core potential is a combination of the frozen-core Hartree-
Fock part and a local’-dependent core-polarization term.
With this model we are able to describe the target structure
with similar accuracy as in previous close-coupling calcula-
tions[12,20. Using a single exponential fall-off factar, in

the Laguerre basis, we have to diagonalize the target Hamil-
tonian with as many as 50 basis functions. We thus obtain a
sufficient number of discrete states and a predominance of
positive-energy pseudostates. As in téla case[7], we
may drop the closed channels at energies substantially above
the ionization threshold. At the energies considered here, this
results in a total of around 40 states in the close-coupling
expansion, approximately ten states for e&ch0,1,2,3.

Our results for the differential cross section and the spin-
exchange asymmetry are shown in Figs. 1-3 for elastic
e-Cs scattering at incident electron energies of 7, 13.5, and
20 eV. We present results from a three-st&€C) calcula-
tion with only the (&)2S, (6p)?P°, and (&)?D states in-
cluded in the close-coupling expansion, a 19-st&t€) cal-
culation with only discrete states included that has converged
within this subspace, and a CCC calculation which has con-
verged(in the discrete and continuum subspacees better
than 10% at most scattering angles. Note that this conver-
gence is within the nonrelativistic framework and the ap-
proximations made in the target description. Our results are
compared with the relative cross section data of Gehenn and
Reichert[14] (normalized to the CCC results at small scat-
tering angles and with the asymmetry measurements of
Raithet al.[15,16].

FIG. 2. Same as Fig. 1 except for an electron energy of 13.5 eV. As one might have expected from the corresponding re-
The relative cross section ddti4] are for 13.0 eV, and the asym- sults one-Na scattering, the effect of the continuum states is

metry data are taken from Réfl5].

very important for the spin-exchange asymmetry, and its im-
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TABLE I. Angle-integrated elastiogs, excitationog, andosy, ionizationo;, and totalo, cross sections
(in units of wag) and ionization spin asymmet#y; for e-Cs scattering obtained from a nonrelativistic CCC
calculation. The numbers presented in the columns labeled “expt.” have been estimated at the calculated
energies from the available experimental data in the given reference.

Energy(eV) O6s Tep Osq O oy Expt. [18] A Expt. [19]
7.0 66.8 67.0 16.1 7.11 169 1310 0.213 0.38:0.002
13.5 53.9 67.2 10.3 9.51 153 16820 0.200 0.230.005
20.0 37.2 59.3 7.5 8.36 126 910 0.136 0.150.006

portance increases with increasing collision energy. Very sawdictions and the existing experimental dqf&,18 persist
isfactory agreement is obtained at 13.5, 20, and mostly at But are not due to the neglect of the continuum channels in
eV, though for the latter energy the predicted minimum neathe earlier calculations. We note, in passing, that our Born
120° scattering angle is apparently not confirmed by expericross sections for elastic scattering are in excess of an order
ment. Oddly enough, at the lowest energy the agreemer@f magnitude larger than the CCC results at the conside_red
between theory and the shape of the experimental results g1€rgies. It would be very helpful to have total cross-section
excellent for the differential cross section, while some dis-data available at high energies where the Born approxima-
crepancies remain at 13.5 gthe experimental data are ac- tion is valid. It may be t_hat our structure approximations, and
tually for 13 e\) and 20 eV. We also note that some evi- those O'.c other calculat!or[ﬂz,Zq, lead to a systematic ex-
dence for the sharp peak in the spin-exchange asymmetry fGogeration of the elastic and hence total cross section.

20 eV near 60° is visible in the experiment. In fact, it seems In conclusion, we have applied the CCC method in its
. . . . nonrelativistic form to calculate elastic differential cross sec-
very interesting to repeat the measurement in this angul

th high | luti &ons and spin asymmetries, as well as angle-integrated ion-
raan_e Vl\fl a very hig _an%;_u;r rleso u |on.| for th | ization asymmetries fag-Cs collisions at 7, 13.5, and 20 eV.
_ Finally, we present in Table | our results for the angle-pq heqe ohservables, proper accounting of the effects due to
integrated cross sections in the elastic channel, excitation

e target continuum states appears to be more important
2 o 2 . . .
the (6p)°P® and (&)“D states, direcno core excitation or 4 the inclusion of relativistic effects. It will be very inter-

ionization total ionization @) and its spin asymmetlry ggting to study this problem in more detail with the CCC

(A)), as well as the total collision cross secti®ummed  ethogd extended to a relativistic framework. Such develop-
over all discrete and continuum channel$he agreement | antis planned for the near future.

with the experimental data for the ionization asymmetry is

not perfect but certainly satisfactory in light of the complex- We thank Guater Baum for providing the asymmetry data
ity of the problem and the neglect of ionization-excitation asin electronic form. This work was supported, in part by the
well as core ionization contributions to the ionization crossNational Science Foundatiqi.B.), the Australian Research
section at the higher energiésf. Ref.[19], Fig. 2. We are  Council(1.B.), and the Flinders University of South Australia
somewhat surprised, however, by the fact that our resultg).B.). One of us(K.B.) would also like to thank Flinders
too, lie clearly above the experimental data of JaduszliwetUniversity for supporting his visit. Research sponsored in
and Char18]. Calculations at energies below 4 eV yielded part by the Phillips Laboratory, Air Force Materiel Com-
good agreement with other theoretical predicti¢tg,2q, mand, USAF, under cooperative agreement No. F29601-93-
thereby indicating that the discrepancies between these pr@-0001.
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