Qualitatively, the collision process 1s considered in the following manner.
As the atomlc particles come closer together (R + 0), the ground-state term
of the NatNe system intersects two terms of the quasimolecule (NatNe)¥® in the
region R = R;. The ordinate of this pseudo-intersection, U,, is determined by
the position of the threshold for the process (1), and lies at U, < E = 100 eV.
Following the population process at the point R = R, which is described by the
Landau-Zener theory, the two molecular terms vary adiabatically up to a certain
internuclear distance R; >> R,, at which the close approach leads to a non-
adiabatic interaction that causes mixing of the wave functions of the molecular
states under consideration. Two stationary states, corresponding to two in-
elastic channels (1) and (2) of the reaction Nat + Ne are then formed in the
region R > R,.

The regular oscillations of the total cross section in process (1), ac-
cording to the foregoing hypothesis, are the results of the fact that the time
spent by the system in the region R < R,, where integration with respect to the
impact parameter p is significant, is much lower than the time of stay in the
region AR = R; - R,.

The fact that the maxima are equidistant with respect to v—! (see the
table) in a wide range of relative-motion velocity v shows that the quantity
determining the period of the oscillation is the phase difference in the sec-
tion from R, to R,, which does not depend on p.

An inevitable consequence of the considered collision mechanism are os-
cillations in the total cross section of the reaction (2), in counterphase with
the oscillations observed in this investigation for the reaction (1).

Similar qualitative considerations were advanced by Rosenthal [2] to ex-
plain the structure of the excitation functions of two helium lines emitted in
the visible region of the spectrum in Het + He collisions [3].

We plan to publish in the nearest future a theoretical analysis that would
make it possible to describe gquantitatively certain features of the behavior of
the measured excitation functions of the resonant lines of the Ne atom.

The author is grateful to V.A. Ankudinov, Yu.N. Demkov, and V.I. Perel!
for useful discussions, to V.A. Kritskii for help in the measurements, and to
V.M. Dukel'skii for constant interest in the work.
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In metals, just as in a plasma, there exist fluctuations of the free-elec-
tron density, owing to the presence of fluctuation Langmuir oscillations and
surface waves. Because of the nonlinear interaction between the incident waves
and the fluctuations of the electron density, reflection of the electromagnetic
wave from the metal surface should produce emission at the combination
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. _ . .
frequencies w, , = lw, £ wL| and wj , = |w, + wSI, where w, is the frequency

of the incident wave, and w, and wg are the frequencies of the Langmuir and

L
surface oscillations [1, 2]. When wo'VwL, the incoherent reflection coef-
ficient is R ~ 8% ~ hne"/m¥3c®, where § ~ c/w; 1s the depth of the skin layer,
% the cross section of the incoherent scattering, n the free-electron density,
and m¥* thelr effective mass. For good metals R v 10-'2%2and is thus observable.
We have observed the Raman scattering of light reflected from the surface
of silver, corresponding to the frequencles w, = wp = Wy and w)} = Wg = Wg- We

used a plate of silver with purity better than 99.99%, mechanically polished
and then annealed in a vacuum of

1 x 107° Torr at 500°C for three Lrel.un.
hours. The radiation source was ¥t

a GOR-100 ruby laser (A, = 6943 R) @
with a pulse energy V30 J. The ir

laser radiation was almost nor-
mally incident on the silver
sample. The light beam indicent
on the sample was not focused ad-

ditionally, to prevent damage to ol o o . L M Ny {
the metal surface. The radia- 5250 %00 5750 600 6250 6500 6750 |00
2,7
Wy

2

1F

w-’o-’fsec"14 N 1

tion reflected from the surface 36 35 3% 33 32 31 30 29 28

at angles close to 90° was focused Lrel.un.

on the slit of an ISP-28 spectro- 4t

graph and photographed on RF-3 b

film. The apparatus width in the 3r

region of the observed combina- 2L

tion frequencies was much smaller

than the widths of the registered 1t

spectral distributions. To ob- Ay
tain a film density suitable for oL —u 1 . ) A
photometry, the energy of the (w+%)-m",’sec'lﬂ L g W, 30 A,
radiation incident on the sample blwsa), eV b5 62 & & W M ¥

had to exceed "1 kJ. 4 %0 39 38

The spectral distribution of the scattered-radiation intensity is shown in
Fig. a. Two maxima are observed at wavelengths A = 5975 by and A = 5700 , cor-
responding to frequencies w = 3.16 x 10'°® sec™! and 3.31 x 10!° sec~!., The
observed distribution of the intensity I(w) is a sum of spectral distributions
at the frequencies Wp = Wy and Wg = Wo3 since the half-width of I(w) is com-

parable with the recorded distance between the maxima, the value of the fre-
quency w; = Wy is somewhat higher, and that of Wg = Wy somewhat lower than the

frequencies of the experimentally observed maxima of I(w).

The frequency of the Langmuir oscillations Wy is determined from the dis-
persion equation e(w) = e4(w) + ef(w) = 0, where £,(w) is the dielectric con-
stant of the lattice, ep(w) = —wli/w2 is the contribution of the free electrons
to the dielectric constant, and wp = (hine?/m¥)1/2 is the plasma frequency. The
surface-wave frequency Wg is determined from the equation €(w) + 1 = 0. Thus,
wp = wP//E;TGET and wg = wP//E;TGET—¥_T.

The dependence of the intensity of the scattered radlation on the quanti-
ties AAo/(X + A ), (w + w,), and h(w + w,) is shown in Fi%. b; the curve has a

maximum at the %requencies W+ Wy = g = 5.88 x 10'% gsec~! and wp = 6.02 x 1015%
sec
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For silver we have wp = 1.39 X 10'® sec™?! [3]; the frequencies wp,

lie in the reglon of the long-wave edge of quantum absorption, where the func-

tion €,(w) is large. According to the data of [4], €, (m ) = g, (w ) =6, w =

wp/VE, = 5.7 x 10%% sec™!, and (wy, - ws)/wL = 7 % 10‘2. The experlmentally
observed values are sufficiently close to these calculated ones.

and wS

The obtained value ﬁwL ® 3,96 eV agrees well with the results of the meas-

urements of the characteristic electron energy losses in silver. These data

lie in the interval from 3.9 to 4.6 eV [5 - 7]. The experimental data on the
transformation of the plasma oscillations into electromagnetic radiation [8]

also yield the close value ﬁmL = 3.75 eV.

As shown by the experimental results, fthe incident wave interacts with the
surface oscillations more effectively than with the Langmulr oscillations.

The observed effect of incoherent scattering of light can be used for the
investigation of the spectra of elementary excitations of electrons in metals.
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An experimental study of Raman scatterings of light in magnetically ordered
substances, first considered theoretically by Bass and Kaganov in 1959 [1], has
been made possible only following the development of quantum electronics and
the appearance of powerful sources of monochromatic radiation, namely lasers.
In spite of the fact that only four years have elapsed since the performance of
the first experiment [2], the light-scattering method has found extensive use
in the study of the energy spectra of magnetic crystals. It suffices to men-
tion the observation of light scattering with excitation of two magnons of
limiting energy [2, 3], the investigation of localized magnetic states in im-
purity antiferromagnets [4, 5], and the proof of existence of magnon-magnon
interactions in magnetodielectrics [6]. Just as in the study of the phonon
spectrum of a substance, the method of Raman scattering by spin waves supple-
ments successfully the infrared and submillimeter measurements, and in many
cases 1t is the only one possible. Thus, for example, owing to the high sym-
metry in antiferromagnetic crystals with perovskite structure, the two-magnon
absorption is greatly attenuated and is not observed [7], and the intensity of
the analogous process in Raman scattering 1s the same as in crystals of lower
symmetry [6].

We report in this paper the results of an investigation of the scattering
of light in the antiferromagnetic crystal KMnF, (TN = 88°K). The measurements
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