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llshing Co. , Amsterdam, 1961), Chap. XII, P 5, p. 437.
For example, in the weak-coupling low-density case,

it was shown in I that y= f.
We use the word existence in the common elementary

sense, as is done also in Refs. 4 and 7. For further
discussion of our condition, see B. Bonifacio, L. M.
Narducci, and E. Montaldi, Nuovo Cimento 4~7 890
(1967).
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The differential cross section for the elastic scattering of 500-eV electrons from helium
has recently been measured. The extended-polarization potential method used in our previous
work is here applied at 500 eV and yields cross sections in good agreement with experiment.
In addition, the explicit formulas used in this and our previous work for approximating the
higher angular momentum phase shifts are displayed.

The differential cross section for the elastic
scattering of 500-eV electrons from helium over
a range of angles from 2' to 60' has recently been
measured by Bromberg. ' The relative success in
the title work' (hereafter referred to as I) of the
extended-polarization potential (EP) method in
predicting high-energy differential cross sections
for electrons off helium prompted us to extend this
analysis to 500 eV. The results of this calculation
are shown by the EP curve in Fig. 1 in comparison
with Bromberg's data. Also, for comparison, the
Born-approximation calculations of Khare and
Moiseiwitsch, ' as quoted by Bromberg, ' are shown
in the figure. It is again evident that the long-
range distortion interaction is dominant in small-
angle scattering and that the Born approximation
is incapable of describing the scattering even at
energies as high as 500 eV.

The calculations leading to the EP curve in Fig.
1 were essentially the same as those described in
I, except that the phase shifts for angular momen-
tum l =0 to 100 were used here to predict the cross
section at small but nonzero scattering angles
(only the first 50 phase shifts were used in I}. In
addition, for zero scattering angle, the differential
cross section was obtained by explicitly summing
the first 10000 phase shifts and then adding to this
a small correction obtained by approximating the
sum over all remaining l values by an integral.

The approximations used in I and the present
analysis to estimate the phase shifts for l &10 are
defined in Eqs. (I3) - (I5}. Considering
first the contributions due to the long-range dis-

tortion interactions, we find, after substituting
(I4) into (I3), that
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where I and E are the modified Bessel functions
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FIG. 1. Differential cross sections for the elastic
scattering of 500-eV electrons from helium. Curve EP
represents the extended-polarization potential calcula-
tions of this work. The crosses are from the calculations
of Khare and Moiseiwitsch (Ref. 2) as quoted in Ref. 1.
The experimental data are from Ref. 1.
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r (z)=i Z (iz),
V V

(2a) tion for helium as given by Clementi. ' This wave
function has the form

K (x)= —,'zi +
H (iz)

V V
(2b)

g (r) = (4v) Q.C.e i (5)

and the a„andd„aredefined in I. However, rather
than use algorithms for these functions, we ex-
yand their product as

I& 1
(z)K (z) = (2f+1) '[1 —2z'/(2l ~3)

&& (2l —1) + 6z4/(2l + 5)(2f + 3)(2l —1)(2f —3)

where the parameters C and Zz are tabulated by
Clementi. ' The corresponding form for V~ is
then (in a. u. )

—20z /(21 + 7)(2l + 5)(2l + 3)(2/ —1)
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where Z, . = Z. + Z.
i

(6)

'gf &ok'/(2l + 3)(2l + l)(2l —1) (4)

in agreement with the modified effective-range
theory analysis of O' Malley, Spruch, and
Rosenberg. 4

The contribution to the phase shifts for E &10
from the short-range static potential (Vs) of the
atom was obtained as follows: The potential V~
was evaluated from the Hartree-Fock wave func-

take the indicated derivatives, and evaluate the re-,
sult, keeping sufficient terms to give accuracy to
three significant figures.

It should be noted that the first term in the sum
(1) arises from the longest range —e/84 dipole
polarization interaction, and the corresponding
result of substituting (3) into (1) and keeping the
term to lowest order in jp' is

Upon substituting (6) into the semiclassical
formula (15) for phase shift, we obtain

ri, =- Q c.c.[z (z..~ )+-,'z. .rp, (z..r )]
E k. . i j 0 ij 0 ij 01 ~j 0

(7)

where K is the modified Bessel function defined
in (2b) and ro = (l + z)/k is the classical turning
point. An algorithum for computing K, and K, is
available' and was used in evaluating Eq. (7).

In the present work it was found that the con-
tribution of (7) to the phase shifts was negligible
compared to that from the long-range interactions
(1) for f &30.

The authors would like to thank Dr. E.N.
Lassettre for informing them of the Bromberg
data prior to its publication.
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