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The excitation scattering of electrons from helium atoms is investigated for the case of transition to the
6rst excited singlet metastable level in order to examine quantitatively the error introduced by the fact
that the description of the helium target is only approximately known. The cross section is calculated in
Born approximation using formally equivalent matrix elements which weight the wave functions differently
in space. The shape of the total cross section-energy curve is the same although absolute values differ
while the angular distributions are considerably different.

' 'N a recent paper' (referred to as Paper I) the exci-
- tation scattering of electrons from helium atoms

was investigated in order to examine the uncertainty
introduced by the fact that the wave functions of the
helium target are necessarily inaccurate. In Paper I,
the investigation was confined to transitions to E-states.
The present work follows the analysis in Paper I but
pertains to the transition-to the first excited. metastable
state of the helium atom. That is, two formally equiva-
lent expressions for the differential cross section in Born
approximation are employed, and these expressions do
not lead to the same results in actual calculations
because of the approximate nature of the helium atomic
wave functions. As in Paper I, Method I will refer to
the standard matrix element for the excitation diBer-
ential cross section while Method II refers to results
derived from the alternative expression obtained by
the transformation

fq*(V1'+Vs )fo fo(V1'+Vs')Pq

2(E,—E,)
Here fq and fo refer to exact wave functions for the
6nal and initial helium states, respectively. Hartree
units are employed everywhere.

The wave function for the (1s 2s)'S level was origi-
nally suggested by Vinti2 and already employed by
Massey and Mohr' and is given by

4q=&(02 V42), V=—

where f„is the ground state of helium taken to be

0' =0' oo(&I )O' M(&I ) (&=1 687)

while

with

0'100(tr/rr) lt 200(P/r2) +lt 100(cr/r2) 0'200(P/rt)

{2(1+b') }&

SmdE 36.879
I(K)dK=

ko2K' (13.447+ K')'

(11.457) (2.547+ 2.887E')

(5.2304+K')'

52.863
(by Method I).

(11.384+E')'

The matrix element for the excitation diR'erential
cross section by Method I is transformed by using
Eq. (1), with the result (see appendix):

2

e '«*'p„$2*dr rdr2

b'= (2X)2(X—1)2/(X+-')' X= cr/P 8= (1—ys) &

P„t (Z/r) is the wave function of a single electron in
the elm state moving in a field of charge Z. The values
of the screening parameters n and p were found' by the
Ritz cond. ition of minimum energy to be

cr = 1.98, P = 1.20.

It is clear that fq is properly normalized and, orthogonal
to the ground ~tate.

The differential cross section for a momentum change
of magnitude dK for excitation transition 1'5—+2'8 is
then calculated by Method I and is given by

*The research reported in this paper has been sponsored by
the Geophysical Research Directorate of the Air Force Cambridge
Research Center, Air Research and Development Command
under Contract AF19(122)—469. This material comprises part of
a dissertation presented to the University of Southern California
Graduate School in partial ful6llment of the requirements for the
degree of Doctor of Philosophy in the department of Physics.' S. Altshuler, Phys. Rev. 87, 992 (1952).' J. P. Vinti, Phys. Rev. 57, 449 (1931).' H. S. W. Massey and C. S.O. Mohr, Proc. Roy. Soc. (Londo
A140, 613 {1933).

K' 022e 'x*'Podrrdrs

r 8
+22K use '~*' p„drtdr2 ) (2)

Bsy

in which BB=Eq Eo, the transition energ—y change,
equals 0.75584. The 6nal result of the cross section for
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Comparative angular distributions of the diGerential
cross section per unit solid angle, I(8), in units of
2ras (as ——first Bohr radius) are portrayed in Figs. 1
and 2 for incident energies. of 200 and 400 electron-
volts, respectively. The total cross sections for both
Methods I and II were obtained by numerical inte-
gration, and the results appear in Fig. 3.
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momentum change is given by
- 5.2159'10-3

I(K)dK= 3.7372&&102''
k„sK2 (13.4469+K')'

6.9338g $0—2—9.87gy $0—3+2- 2

FIG. 1. Angular distributions for excitation scattering of
electrons by helium atoms {1'5to 2'5 transition) at an incident
energy of 200 ev.

DISCUSSION

Just as in the case of transitions to I'-states (Paper I)
we observe that the total cross section for either of the
two methods may be normalized to measured values.
However, such is not the case for the angular distribu-
tions in the case of the transition to the erst excited
metastable state. The disagreement in the shape of the
angular distribution indicates that the Vinti function
does not describe the metastable state as well as the
Eckhart functions for the I'-states (Paper I).

In order to discriminate between the results of either
method it would be necessary to have accurate experi-
mental data. Nevertheless, an argument may be ad-
vanced which favors the results of Method II. If we
expand the exponential in Eq. (2) and exploit the
symmetry of the wave functions, the matrix element
may be rewritten

e iKzzg-
i=z j

0.30

0.24
QO0

O

k-

O. I 8

& O. I 2o
I-

Co
I

CO
D
CL~ 0.06

(5.2304+K')'
(by Method II).

It is then apparent that considerable contribution to
the integral is made from regions of configuration.
space other than those which contribute most to the
energy integral. The space weighting of the wave
functions using Method II places more emphasis on
the region closer to the origin since it involves deriva-
tives of the wave functions, and thus more accurate
results should be expected when emp}oying Method II.
Verification of this argument has been demonstrated
in one pertinent case in photoabsorption calculations. 4

This work dealt with the calculation of the continuous
absorption coeKcient of the H ion, where it was shown
that the matrix element of the momentum operator
gives more reliable results than that of the dipole. In
the case of small angle scattering the leading term in
Eq. (3) (for transition to I'-states) is precisely the
dipole element, while the matrix element of the mo-
mentum operator corresponds to Method II.
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FIG. 2. Angular distributions for excitation scattering of
electrons by helium atoms (j.'5 to 2'5 transition) at an incident
energy of 400 ev.

The alternative matrix element which is the basis of
Method II, as given in Eq. (2), is established as follows:

4 S. Chandrasekhar, Astrophys J. 102, 223 0945)
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In the case of the transition considered in this note,
fsfs* is symmetric. Therefore,

2

e ' '*'P (rt, rs)P,*(rt, rs)drtdrs

t=2 e '«*'P„f,*ifrtdrs,

and, substituting from Eq. (1), we have
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FIG. 3. Total excitation cross section for electron impact
with helium atoms as a function of incident energy (t'S to 2'S
transition).

Substituting, the expression for J becomes

8J { + P VPe-i«zl

The second term on the right vanishes identicalIy
because of the Hermitian property of V'2'.

Consequently (since the 2'S.state is real),

1J e i«z&{f&VP4r—& WyVtsl' )dr—ldrs.
dE

Introducing

we have

2ysV tf„—V te ' *i}drtdrs

'J3

K') q,e '«z&g dr-tdrs
AE

8
+2'LZ ~ Iose ' ' fydrtdrs

Bsy

Eofe added se Proof:—Errata in reference 1 are cor-
rected as follows. The absolute value symbol in Eq. (3)
should appear squared. The plus sign separating the
two terms on the right in Eq. (7) should be changed. to
minus.

Equations (10) and (11) pertaining to the 'S +3'I'—
transition should read

J
e '4'sVt ( ps 'y4't)drtdrs—

8
('P2V1V II' Vl 'Ps)dr1dr2 ~

hE ~

%e now employ the identity:

1.507 - &19+kg—{—7.699X10'—etc. . },(10)
k~' X' k~lg g

0.5245
Qrr(k~) = 1.3515Qr(ks)—

k„'
1

X —{8570Es—1.241X10'E'—7.342X10'Es
X7

—9.380X 10'} . (11)
Ecy—Ig g

~e f~VPcpsdrtdrs=J psVg (ling&e *)drtdrs
The shape of I'ig. 4 is not changed but the magnitudes
are altered slightly. The following is a table of corrected
values (units are the same as in reference 1).

+s{f Vpe i«zi+e i«zyV 2$— —

+2'„Ve '«")drtdrs.

ky

QiX loz
QIIX 10'

28.3
35.6

20.7
26.4

15.6
20.1

12.2
15.7:

9.76
12.7

8.02
10.4


