REVISION REVISTA MEXICANA DE FiSICA 50 (5) 427-430 OCTUBRE 2004

Theoretical study ofe™ - He scattering using the Schwinger variational
principle with plane waves as a trial basis set
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We report an application of the Schwinger variational principle with plane waves as a trial basis set. Differential cross sections are obta
for e - He from 15 to 100 eV. Our differential cross is found to be in reasonable agreement with experimental data.
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Se analiza una aplicam del principio variacional de Schwinger desde la perspectiva de ondas planas para un cunjunto base. El propo
de este trabajo es mostrar la sécceficaz deferencial para e He en el intervalo de 15 to 100 eV. Los resultados se comparam com los
experimentos.

Descriptores:Schwinger; electin.
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1. Introduction 2. The Schwinger variational principle

In the last few years, there have been several theoretical at? the SVP for electron-molecule elastic scattering, the bilin-
tivities concerning the electron-atom at low, intermediate ancear variational form of the scattering is

high impact energies [1-3]. As we know, with the increase of .

the k_|net|c energy, th_e pene_tratlon power of the incident elec- F(Rp B)=—=—{(S¢ V| \I/(ﬂf))ﬁ—(\lf(f) V|S; )

tron into the atom will too increase. Therefore, the conver- 27 f ki kg :

gence of the partia_l-wave expansion.f(.)r continuu.m scatter- _<\I,g—) | V—VGE)“V | \I,g+)>} 1)

ing wavefunction will become more difficult to achieve. Al- L ki

though several alternative theoretical approaches have been ] )

proposed for studying electron-atom scattering at several ediere| S, ) is the input channel state represented by the prod-
ergies, available experimental data of differential cross secdct of a plane wave; times| @), the initial (ground) target
tions (DCS) do not provide a definitive test capable of judgingstate.| 5 ) has an analogous definition, except that the plane

the efficiency of the theoretical methods for several targetsyave points tok f, Vis the interaction between the incident
For example, obtaining an accurate differential cross sectiongjectron with the targetz{" is the projected Green’s func-

for ™ - He collisions still remains an important test for sev- tion, written as in the Schwinger multichannel method (SMC)
eral new formalisms. As a step toward addressing this neeg,g

we have recently described the Schwinger variational prin-
ciple with plane waves (SVP-PW) as a trial basis set [4—6]. s | Bok) (KD |
i i : o) — | g 0RA\VE L
The main propose of the present work is to study the elastic 0o = (E — Ho +ic)
electron-He scattering at several energies using the SVP-PW,

where the exchange effects are treated by a Born-Ochkur apy is the Hamiltonian for the N electrons of the target, plus
proximation [7—10] and polarization effects by Buckingham e kinectic energy of the incident electron, and E is the total
polarization potential [11] using a. cut-off parameter and  energy of the system (target + electron). The scattering states
polarizability o of the atom. The present study has several| \I,g+)> and (\I/(f) | are products of the target wave func-
goals: first, to our knowledge, no theoretical study using theLiO ki kg

: o 2 ; . n| ®,) and one-particle scattering wave function. The ini-
Schwinger variational principle with plane waves as a trIaItial step in our SVP calculations is to expand the one-particle
basis set has yet been published for-eHe over the present P b P

energy range: second, to test the relevance of Born-Ochk scattering wave function as a combination of plane waves.

plus Buckingham polarization potential combined with thelgo’ fgr eI'astlc scgtterlqg, the expansion of the scattering wave
function is done in a discrete form as

SVP-PW; and third, the present work also serves in addition
as a necessary prelude to new studies using the SVP-PW.

The organization of this paper is the following: in Sec. 2
the theory is briefly described. Our calculated results and dis- . .
cussions are presented in Sec. 3. Section 4 summarizes our | W?) = Z b (kn) | Pokn) (4)
conclusions. ! n
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Inclusion of these definitions in Eq. (1), and applicationfor comparison. Other theoretical cross sections using static-
of a stationarity condition [4] with respect to the coefficients,exchange plus polarization level of approximation are also

gives the working form of the scattering amplitude compared. For the ground state of He we have used a self-
1 consistend-field (SCF) wave function obtained with Carte-

[f(Ef, l%},)}:—— sian basis [13]. With this basis we obtain a SCF energy of
2 -2.8616 a.u. to be compared with -2.8615 a.u. [13]. In all

we show differential cross sections at 15 eV, 20 eV, 30 eV,
50 eV, and 100 eV, respectively. We have compared our SVP-

where PW using Born-Ochkur plus polarization effects, with the

Schwinger variational principle using Born-Ochkur only (we

A = (Dok | V — VG(()”V | Doky) (6)  will refer to this second case as SVP-PW(BO)), the R-matrix
method [14], the static-exchange simplified second Born ap-

We have implemented a set of computational programgyroximation [15], and experimental data [16—20]. In Fig. 1

to evaluate all matrix elements of Eq. (5). The Green’s funcyye show elastic differential cross sections (DCS) for-éHe

tion given in Eq. (2), and its associated discontinuities haV%cattering at 15 eV. Our results using the SVP-PW are com-
been examined and treated in a similar way as in the subtra@;ared with experimental data of Shyn [19]. For comparison

tion method [4]. Our discrete representation of the scatteringye have also included in Fig. 1 the SVP-PW without po-
wave function [given by Egs. (3) and (4)] is made only in |grization (SVP-PW(BO)). As noted, our SVP-PW describes
two dimensional space (spherical coordinates, using Gauggprrectly the shape of the experimental data with some dis-
sian quadratures fdt and¢ and the on-shell k value for the crepancies at intermediate angle. Our polarization model is
radial coordinate). When exchange effects are to be consigne so called Buckingham polarization potential and has been
ered in electron scattering the first Born approximation usedyigely used in the dscription of elastic scattering of electron

x (Z (Sg, 1V [ @0k (@) (kP | V[ S, )

mn

> 5) figures we have used¥ 1.460 as in Ref. [11]. In Figs. 1-5

in the SVP-PW is replaced by by atoms [1]. The discrepancy between our results and exper-
Born—Ochkur _ ¢Born imental data at intermediate angle can possibly be attributed
f =/ 9 ) to the inadequacy of the cut-off parametey) (n the polar-

ization potential. The DCS for electron-atom scattering at the
low-energy € 40 eV) is very sensitive to this cut-off parame-
ter [11] (the authors in Ref. 11 have tested the sensitivity of r
for some energies. Their studies show that the best valye of r
was found at 1.460, and although not shown here, our results
Voot (F) = —a/[(1% + 12))2 (8)  using different values of.were little affected at intermediate

energies). Another important consideration may be the use of
where “r.” represents an adjustable cut-off parameter [11].effects as multichannel and/or correlation of the target, which
The Born scattering amplitude used is now formed by twoare not included in our calculations (for comparison we have
parts, namely: included in Fig. 2 theoretical studies of Saha [2] using 35
states coupled and correlation of the target).

where “g” is the exchange amplitude in the Born-
Ochkur approximation (we will refer to this formalism as
SVP-PW(BO)). The long-range effects can also to be rep
resented by a polarization potential

fBornfClosure — fBo’r‘nfOchkur + fBornfpol (9)

1,0
where form—rol is the polarization part of the scattering am- ] e -He

plitude and, in the body frame, is calculated as follows: 0.8 —— SVP-PW
----SVP-PW(BO)

15eV

fBornpol _ _2/q2/eitj.F‘/;)ol(F)d7:» (10)

)cm2

whereq'is the elastic momentum transfer vector. If the atomic ¢
wavefunction is expressed in a Cartesian Gaussian basis func
tion, the fPorn—Closure geattering amplitude can be obtained
analytically and evaluated in closed form [12]. By combin-
ing Egs. (9), (10), and (5) we obtain the differential cross
sections for € - He scattering.

DCS(10°

0 20 40 60 8I0 160 12IO 1&0 160 180
3. Results Scattering angle(deg)

We have calculated elastic differential cross sections at @ gure 1. Elastic DCS for & - He scattering at 15 eV. Present
number of energies fore- He. We present representative re- results SVP-PW: solid line; dashed-line; SVP-PW(BO): Experi-
sults, enphasizing cases where experimental data is availabieental results of Ref. 19: open circle..

Rev. Mex. 5. 50 (5) (2004) 427-430



THEORETICAL STUDY OFe™ - He SCATTERING USING THE SCHWINGER VARIATIONAL PRINCIPLE. .. 429

0,8
0,8 e -He N
. v e -He
1 20 eV ——SVP-PW 074 \
R\ - - --SVP-PW(BO) T —— SVP-PW
064 M\ 0 |o_ Saha 0,6 adev —— R-Matrix
e O Expt. 1 O Expt.
& * Expt. . 051
2 04q 5 1 K
g’ ¢ 0,44 \
(=] -~‘\ ,é ] g E \\\
® ; =11 % 0,3
0,2 > F o e o )
N ¥ g7 \lo
N N
1 O 0,24 %
0,0 o é\éx
— 71 v 1 T 1 1 * T T T ™ T §-~Q-~ - e
0 20 40 60 80 100 120 140 160 180 0,0 S e
Scattering angle(deg) 0 20 40 60 80 100 120 140 160 180

. . Scattering angle(deg)
FIGURE 2. lastic DCS for € - He scattering at 20 eV. Present re- i B .
sults SVP-PW: solid line; dashed-line; SVP-PW(BO): Experimen- FIGURE 4. ElaSt_'C DCS fo'r € - H? scattering at 50 eV. Pre.sent
tal results of Ref. 19: open circle; theoretical results of Saha [2]: "€SUlts SVP-PW: solid line; Experimental results of Ref. 19: open

dashed dot; Experimental data of Regigteal. 20; star. circle; R-matrix method [14]: dashed line.
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T T T FIGURE 5. Elastic DCS for € - He scattering at 100 eV. Present

i T ' . T X T & T L T i T g
¢ 2@ 4 %W % 00 120 M0 160 0 results SVP-PW: solid line; dashed-dot line; SVP-PW(BO): Ex-
Scattering angle(deg) perimental results of Ref. 19; open circle; theoretical results
) _ i of Saha [2]: star; Experimental data [16]: triangule; R-matrix
FIGURE 3. Elastic DCS for € - He scattering at 30 eV. Present o464 [14]: dashed line with square; theoretical results of Buck-

results SVP-PW: solid line; Experimental results of Ref. 19: oy and \waiters using the SESSBA [15]: solid line with star; theo-
open circle; theoretical results of Saha [2]: dot line; R-matrix retical results static exchange [15]: dashed line.

method [14]: dashed line.

are compared with experimental data of Shyn [19], theoreti-

In Flg 2 we show elastic differential cross sections (DCS)Ca| studies of Saha [2], and results using R-Matrix [14] As
fore™ - He scattering at 20 eV. Our results using the SVP-PWtited in Figs. 1, and 2 our results describe the shape of the
are compared with experimental data of Shyn [19], the expefexperimental data and are encouraging.
imental data of Register et al (we have not included the error | Fig. 4 we show elastic differential cross sections (DCS)
bars of Register because these results are very close to thagg e~ - He scattering at 50 eV. Our results using the SVP-
of Shyn) [20], and theoretical studies of Saha [2]. The theopw are compared with experimental data of Shyn [19], and
retical results of Saha [2] include 35 states coupled, correlageoretical studies by the R-Matrix method [14].
tion, and a dynamical polarization of the target [2]. For com-  |n Fig. 5 we show elastic differential cross sections
parison we have also included in Fig. 2 the SVP-PW without(DCS) for e - He scattering at 100 eV. Our results using
polarization (SVP-PW(BO)). As observed, our SVP-PW alsothe SVP-PW are compared with experimental data of Shyn
describes correctly the shape of the experimental data Wit[]_g], experimental data of Bromberg [16], theoretical stud-
some discrepancies at intermediate angle(see text in F|g 1)63 using the R-Mmatrix method [14], the Static_exchange

In Fig. 3 we show elastic differential cross sections (DCS)simplified second Born approximation [15], and the static-
for e~ - He scattering at 30 eV. Our results using the SVP-PWexchange studies by Walters [15]. For comparison we have
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also included in Fig. 5 the SVP-PW without polarization SVP-PW can be an efficient tool for the study of e He
(SVP-PW(BOQ)). As noted, at 100 eV our DCS are reasonablgollisions processes.

close to the experimental and theoretical results (the differ-

ence at mter'medl.ate gng!e is less significant, which Conf'rmi\cknowledgments

the expectation cited in Fig. 1).

The author JLSL wants to express his gratitute for frutiful sci-
4. Conclusions entific interaction and collaboration with Dr M. A. P. Lima.

The authors would like to thank Dr. A. Eiras for insight-
We have presented the Schwinger variational principle witHul discussions. Part of these calculations were performed at
plane waves as a trial basis set (SVP-PW) to electron-ator@entro Nacional de Processamento de Alto Desempenho de
scattering. Our formulation can be used to calculate elastiSao Paulo (CENAPAD-SP) e do Nordeste (CENAPADNE).
cross section and the exchange and polarization effects ha#nancial support by the UBC contract APEO (matemat-
seen evaluated via Born amplitude. We have noted that thiea)/2001/02 is also gratefully acknowledged.

1. B.H. BrasdenAtomic Collision Theorynd edn. (New York, 12. F.W. Byron, and C. JoachaiRhys. Rev. 8 (1973) 1267; B.L.
1981). Moiseiwitsch,Proc. Phys. Soc78(1961) 616.

2. H.P. SahaPhys. Rev. A0 (1989) 2976; H.P. Sah&hys. Rev.

13. See, J.L.S. Lino, Ph.D. Thesis (1995), ITA/CTA, Sao Jose dos
A 39(1989) 628: H.P. Sah®hys. Rev. 401989 (5048). ; Is (1995)

Campos, 8o Paulo, Brazil.

3. Dasgupta and A.K. Bhati&ghys. Rev. 80(1984) 1241. _
4. J.L.S. Lino and M.A.P. LimaBraz. J. Phys30 (2000) 432. 14. W.C.Fon and K.A. Berrington]. Phys.B14 (1981) 323.
5. J.L.S. Lino,Chin. J. Phys41 (2003) 497. 15. B.D. Buckley and H.R.J. Walters, Phys. B7 (1974) 1380.
6. J.L.S.Lino and A. EirasProc. of the 38" IEEE International

Conference on Plasma Scien@eju-Korea, 2003) S1-4. 16. J.W. McConkey and J.A. Prestah,Phys8 (1975) 63.
7. R.A. Bonham,J. Chem. Phys36 (1962) 3260. 17. J.P. Bromberg). Chem. Phy$51 (1974) 936; (1974) 1741.
8. V. Ochkur,Sov. Phys. JETE8 (1964) 503. 18. S.K. Sethuraman, J.A. Ress, and J.R. GibsbnPhys.B7
9. J.L.S. Lino,Rev. Mex. §5.48(2002) 215. (1979) 230.

10. J.L.S. Lino,Rev. Mex. I5.49 (2003) 6.

11. S.K. Mandal and M. Basu, MCan. J. Phy$5(1987) 382; See
also, L.M. Tao, L.M. Brescansin, M.A.P. Lima, L.E. Machado, 20. D.F. Register, S. Trajmar, and S.K. Srivastavhys. Rev. 1
and E.P. LealJ. Phys.B23(1990) 121. (1980) 1134.

19. See, T.W. ShynPhys. Rev. 22(1981) 916.

Rev. Mex. 5. 50 (5) (2004) 427-430



