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The cross section, @7(2s), for production of
H 2s atoms by electron bombardment of ground-
state atoms, has been measured by Lichten and
Schultz! and by Stebbings, Fite, Hummer, and
Brackmann.? The results obtained have been dis-
cussed by Lichten® and are discussed further in
the present Letter.

In the LS experiment measurements were made
for energies up to 45 ev. The shape of the curve
appears to be determined accurately, but the ab-
solute values are much less certain, the meas-
ured maximum cross section being (0.28 + 0.14)
xXmay?. The published results of LS are obtained
on normalizing to the first Born approximation
at energies of 30-40 ev; this gives a maximum
cross section of 0.367a,%. In the SFHB experi-
ment measurements were made for energies up
to 700 ev. For the determination of the curve
shape the SFHB measurements are less accu-
rate than those of LS, but, in the common en-
ergy range, the agreement between the two
curve shapes is satisfactory. For their absolute
values SFHB claim an accuracy much better
than that claimed by LS, but Lichten® has cor-
rectly pointed out that the published values of
SFHB must be multiplied by a factor of 1.5 to
correct for an erroneous assumption made in
the reduction of the data. With this correction
the maximum SFHB cross section, (0.16+0.01)
xma,?, is consistent with the absolute LS meas-
urement but is not consistent with the LS cross
section normalized to the first Born approxima-
tion.

In order to discuss the matter further we put
Qr(2s) =Q(2s) + Q(2s), where Q(2s) is the
cross section for the process of excitation of
3p and higher states, followed by cascade to
2s, and Q(2s) is for direct excitation of 2s. Put-
ting Q(2s) =yQ(3p), LS obtain y=0.21 using an
extrapolation formula for the higher states. Us-
ing Born cross sections* we obtain y=0.23. We
calculate Q(3p) on assuming that the correction
factor by which the Born 3p cross section must
be multiplied, as a function of (E /AE), is the
same as the factor of 2p as determined exper-
imentally.5¢ Figure 1 shows results for Q(2s)
obtained from the SFHB measurements. The
full-line curve is obtained from the LS results

normalized on making a least-squares fit to
SFHB.

In Fig. 1 we give the cross section obtained by
Smith” from a solution of the 1s-2s coupled ex-
change equations. Lichten® argues that this cal-
culation justifies the procedure of normalizing
to the first Born approximation at 30-40 ev. The
assumption made is that coupling to intermediate
states can be neglected. The coupling most likely
to be of importance is that between the 2s and 2p
states. The calculations of Burke and Seaton®
show that this coupling is fairly strong, but a
better estimate of its effect is obtained from the
second Born approximation calculations of King-
ston, Moiseiwitsch, and Skinner.® Figure 1 shows
the results they obtain on including the following
states in the second Born summation: (1s,2s),
(2p), and (1s, 2s, 2p). It is seen that allowance
for coupling to 2p brings about a drastic reduc-
tion in the cross section.

We compare the second Born (1s, 2s) curve,
which represents an approximation to the solution
of the 1s-2s nonexchange equations, with the
curve from the exact solution of the 1s-2s ex-
change equations. For energies of about 30 ev
it is seen that the effect of exchange is to bring
about a considerable reduction in the cross sec-
tion.1° It may, therefore, be expected that a cal-
culation allowing both for exchange and for coup-
ling to 2p would give a cross section smaller
than the second Born (1s, 2s, 2p) and, hence, in
better agreement with the SFHB results. At
higher energies, greater than about 150 ev, the
corrections to the first Born approximation are
fairly small, and for these energies the SFHB
results are in satisfactory agreement with the
first approximation.

We conclude that there is no evidence for any
discrepancy between the SFHB results and the
most recent theoretical work.
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FIG. 1. The cross
section for 1s-2s tran-
sitions by electron
impact. The experi-
mental points with
error bars are from
the measurements of
SFHB and the full line
curve is from the
measurements of LS
normalized to the
SFHB results. The
dashed curve is the
first Born approxima-
tion, the dotted curves
are the second Born
approximation for
various terms included
in the summation, and
the dot-dashed curve

is from the solution

of the 1s-2s exchange
equations.

Skinner, Proc. Roy. Soc. (London) A258, 245 (1960).
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In the second Born calculations, fourth-order terms in
the interaction are neglected in the expressions for
the cross sections.

YExact solutions of the 1s-2s nonexchange equations
have been obtained by K. Smith, W. F. Miller, and

A, J. P, Mumford, Proc. Phys. Soc. (London) 76,

559 (1960). This gives a cross section smaller than
that obtained in the second Born (1s,2s) approximation
but larger than that obtained from exact solutions of the
1s -2s exchange equations.



