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although believable, is not rigorous. It is somewhat
unfortunate that in Refs. 3 and 4 the argument is never
given nor is any statement made of bow rigorously the
result is considered to have been derived.

T. Kato, Commun. Pure Appl. Math. 10, 151 (1957).
In the zeroth-order problem (the one associated with

Wo) the potential has a cusp, so that the correct solu-
tion should be continuous with a continuous derivative.
Kato's proofs do not rigorously apply to the eigenfunc-
tions of the continuous spectrum, but as Bingel has ob-
served in the one-body Coulomb {i.e. , hydrogenic)
problem, the cusp condition applies to the eigenfunc-
tions of the continuous as well as those of the discrete
spectrum. Cf. W. A. Bingel, Z. Naturforsch. 1Sa,
1249 (1963).

~R. K. Peterkop, Zh. Eksperim. i Teor. Fiz. 43, 616
(1962) ftranslation: Soviet Phys. —JETP 16, 442 (1963)j.

Physically it would appear preferable to use an out-
going wave for the inner particle in place of tbe regu-
lar solution. However, arguments of stationary phase
indicate that the ingoing parts of the regular function

cancel themselves out asymptotically. Although we
shall question the stationary-phase results below, it
is unlikely that this aspect of what it implies is incor-
rect. I am indebted to R. K. Peterkop for an informa-
tive letter.

A. Temkin, Phys. Rev. 130, 126 (1962).
Strictly speaking, what we have shown is that if t"

c n &, then y=&. Furthermore, we require tbe ex-
trapolation of yg to k ~ for the ionization coeffi-
cients above threshold, which has not been proved.
The demonstration that tbe ionization coefficients hav-
ing tbe dependence k3~ leads to an& law is taken
from K. Omidvar, private communication. A more de-
tailed derivation of the zeroth-order threshold depen-
dence will be given in a future report.

R. K. Peterkop, private communication.
J. W. Mcoowan, M. A. Fineman, E. M. Clarke, and

H. P. Hanson, to be published. Wannier, Ref. 3, also
derived a nonlinear threshold dependence. The exper-
imental nonlinearity that is in question here occurs
within a tenth of an electron volt of threshold.
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Recently Chen et al. ' have observed well-de-
fined inelastic peaks in the energy distribution
of slow neutrons scattered by liquid argon.
These inelastic peaks were not resolved by
earlier experiments. '~' In this note we present
independent evidence that the observed inelas-
tic peaks are a real manifestation of collective
motion in liquid argon.

Rahman4 has carried out a classical molec-
ular-dynamics calculation of the Van Hove cor-
relation functions Gs (r, t) and Gd(r, t) for liq-
uid argon. %e have used his results to com-
pute the expected inelastic neutron scattering
under the conditions of Ref. 1 and find a struc-
ture in the energy distribution of scattered neu-
trons similar to that reported by Chen et al.

We need the double Fourier transforms Ss(t&,

(u) and Sd(K, (u) of the Van Hove correlation
functions. This is not feasible on a complete-
ly numerical basis from Rahman's results,

but Rahman has already given us enough infor-
mation to carry out the spatial transform ana-
lytically. He has found that his data are well
fitted by a delayed convolution approximation.
For the intermediate scattering function [trans-
form of G(r, t) with respect to r] this implies

F (~, t) = [S(v)-1]F (~, t'),

where S(w) is the usual structure factor. The
time t' is given by Rahman as

t' = t-~[I-exp(-t/&)-(t'/~') exp(-t'/&')] (2)

with v= 1.0& 10 "sec. It should be emphasized
that this is a fit to the computed correlation
functions, and not an approximate theoretical
construct. The physical origin of this approx-
imation is not well understood. Furthe'rmore,

Fs (&, t) is almost a Gaussian function of & and

can be written in terms of the spatial moments
of Gs(r, t) in the form
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where y, (t) is one-sixth the mean-square dis-
placement and nz(t) = [((x2 &/cz(r'2&+) -lj with

c~ = 1 && 3 x 5 && ~ ~ ~ x (2n + 1)/3 . Equation 3 is
due to Nijboer and Rahman' who have used it
to analyze the incoherent inelastic neutron scat-
tering from liquid argon by numerical Fourier
transformation. Their results show no struc-
ture in the energy spectrum of scattered neu-
trons, as would be expected from the gaslike
behavior of the calculated mean-square displace-
ment.

That the situation might be different for co-
herent scattering is indicated by examining

y, (t') as a function of t in Fig. 1. A mean-square
displacement of this form is well known to give
some structure to incoherent inelastic scatter-
ing. The quantity that we finally compute is

d2a 4m&. ( +

dndX mX' P (8m&T 2t T)exp — +

x fo dtc so(ut[(a &2F(&, t)+&a&2F (v, t)l, (4)
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FIG. 2. Comparison of experiment of Chen et al.
(solid curve) with the present calculation (dashed
curve) at 9 =60'.
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FIG. 1. y&(t) and y~(t') as functions of t.

where ~z is the incident neutron wavelength,
he@ is the energy gain by a neutron, and (a&2,

(a'& a,re the usual scattering lengths for liquid
argon. We have chosen [(a&2/(a'&] = 0.675. In
Eq. (4), we have also included a quantum me-
chanical correction factor. e This factor var-
ies (for 8= 60') from 0.55 to 0.89 over the in-
elastic peak and from 0.28 to 1.03 as the final
wavelength, ~, is varied from 2.2 to 8.0A.
This factor does not affect the qualitative fea-
tures of our results, but its size indicates that
a more complete treatment of quantum mechan-
ical corrections is needed.

In Fig. 2, we show the wavelength distribu-
0

tion of scattered neutrons for 5.3-A incident
neutrons scattered through an angle of 60 .
We also show the results of Chen et al. ' The
qualitative agreement is seen to be good. In
Fig. 3, we show the same comparison at a
scattering angle of 75'. We note that the ex-
perimental peak has become better defined
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FIG. 3. Comparison of experiment of Chen et al.
(solid curve) with the present calculation (dashed
curve) at 9 =75'. Values of elastic maximum in two
eases are matched.
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whereas the computed peak is more smeared
out. A possible source of the discrepancy is
that the experiments were done at a temper-
ature of 85 K whereas Rahman's computer ex-
periments were at 94.4 K. We have used Hen-
shaw's neutron-diff raction measurements' at
84'K for [(a) /(a2)] and S(I&), but our results
are not particularly sensitive to this quantity
since the momentum transfer & is not a rapid-
ly varying function of the final neutron wave-
length.

We have not chosen to interpret the inelas-
tic peaks in terms of a dispersion relation for
the cooperative modes since the location of
the peak in & and & is quite sensitive to the
way in which the data are plotted. In fact, if
we plots(&, (u) as a function of (o for fixed &,

we get only a rather flat shoulder on the curve
rather than a well-defined peak. Even thi, s
structure is not present, however, in Ss (&, (u).
Thus the molecular-dynamics calculations of
Rahman support the neutron-scattering exper-
iments in predicting an observable effect of
collective motion in liquid argon. We still do

not have any theoretical framework which al-

lows this motion to be quantitatively described
in terms of any well-defined elementary exci-
tations.

We would like to thank Dr. Peter Egelstaff
and Dr. A. Rahman for helpful discussions and
correspondence and also for communicating
to us the results of Refs. 1 and 5 prior to pub-
lication.
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Recently, a sideband of an optical transition
in the absorption spectrum of MnF, was identi-
fied as arising from the simultaneous creation
of an exciton and a magnon. ' In this paper we

report wave functions for the excitons' and se-
lection rules for the coupling of the excitons
to the magnons, as derived from optical ab-
sorption measurements of crystals of MnF,
stressed uniaxially along the 001 and 110 di-
rections. The zero-stress spectrum of the
transition 'Alg-'Ti& in MnF„as reported
in Ref. 1, consists of two sharp weak magnet-
ic dipole lines El (at 18 419.6 cm ') and E2
(at 18 436.6 cm '), and three broad, relative-
ly intense electric dipole lines o 1 (at 18 47't. l
cm 2), v2 (at 18485.3 cm '), and n1 (at
18 460.8 cm '). The magnetic dipole lines are
observed in 0 polarization only, and were at-
tributed in Ref. 1 to exciton transitions; the
polarizations of the electric dipole lines are

indicated in their identifying symbols. One of
these lines, ol, was identified in Ref. 1 as a
magnon sideband of El by' the similarity of the

shape and temperature dependence of the peak
frequency to previous measurements of the
magnon spectrum by other techniques.

Our measurements show that [001] stress
shifts E1, el, and 01 by the same amount,
while shifting E2 and o.2 by a much smaller
amount. This result confirms the identifica-
tion in Ref. 1 of 01 as a sideband of El, and,
in addition, indicates vl to be also a sideband
of E1, and tT2 a sideband of E2. These results
are summarized on the left-hand side of Fig. l.

Whereas [001]stress merely shifts the ab-
sorption lines without splitting them, [110]
stress splits each line into two. This result
is to be expected since [001] stress affects the
two Mn sublattices in the same way, while [110]
stress acts along an x directions of one sublat-
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