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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were made with the 4880 4 line of an argon laser (type LG-106) of 1 W power.
The light scattered at right angle passed through a polarizer and was focused
on the input slit of the DF3-12 spectrophotometer of dispersion 5 K/mm. The
radiation receiver was a photomultiplier cooled in a special Dewar. The regis-
tration was with a photon-counting system. The detalls of the experimental
setup were published earlier [6].

The KMnF, single crystals were grown by the Bridgman method [9]1 and
oriented by x-ray diffraction; they were then cut in the form of rectangular
parallelepipeds. The measurements were performed on two samples (average
linear dimension approximately 4 mm) with the edges directed along [001], [01l0],
[100], and [001],[110],[110], respectively. The temperature ranged from 20 %o
300°K and was monitored with a copper-constantan thermocouple.

Two-magnon scattering (and absorption) of light in antiferromagnets, with
allowance for magnon-magnon interactions, was recently considered theoretically
by Elliott and Thorpe [7]. The Hamiltonian for crystals with perovskite struc-
ture (RbMnF,, KMnF3) and neglecting spin-orbit interaction is given by

1
Jt:R'zr [B,(Er)(E'r)+ (B, - —333)(EE‘)]SRSR” .

Here E and E' are the electric vector of the incident and scattered light,
r a unit vector in the direction between the nearest neighbors from oppositely
located sublattices, and By and Bz coefficients that transform in accordance
with the representations P{ and TZ respectively. The concrete form of these
coefficlents depends on the nature of the interaction of the spin system with
the light. The exgected line shape of two-magnon scattering was calculated 1in
[7] for the ion Mn?t (S = 5/2) by the Green's function method. The characteris-
tic difference between the FT mode and the F§ mode is that the former does not
have a resonant character.

[}
The experimentally investigated spec- /
trum of two-magnon scattering of light in J
antiferromagnetic KMnF, is shown in Fig. 1,
and the temperature dependence of the posi-
tion of the band maximum is shown in Fig. 2.
It should be noted that the shape, spectral
position, and intensity of the band are the
same for the two investigated crystals of
different orientation, with E || E' || [001]
or [110], and E || [110]1, E' || [110]. The
intensity %oy of the spectrum is much weaker

Intensity

than o, .5 although we did not obtain total wit

polarization of the band, unlike the case of éb l ﬁo ' 1@ l éﬂ l
RbMnF,, in which the two-magnon scattering Frequency, cm~!

of light was investigated for comparison.

These results indicate that the scattered Fig. 1. Experimental (at 20°K)
light contains only the F§ mode. The abso- and theoretical two-magnon
lute intensity of the two-magnon scattering scattering in KMnF,. Spectral
of light in KMnF,; is the same as in RbMnF , width of slit 4 em=!, E and
i.e,, it amounts to approximately 102 B parallel to [001].
em~lrag-t,

F'igure 1 shows the calculated plots of the expected line shape of two-
magnon scattering without allowance for the interaction between the magnons
(dashed curve) and with allowance for this interaction (dash-dot curve). The
intensity at the maximum of the theoretical curve has been normalized to the
experimental one., The good agreement between calculation and experiment is
evidence in favor of the theory developed in [7] with allowance for the magnon-
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magnon interactions. The value obtained by us for the

| T maximum magnon energy in KMnF,, 75 em~', is in excellent
agreement with the results of the study of the spin-wave
spectrum by inelastic scattering of neutrons [10].

-8

v, om!
2
=

The earlier measurements of two-magnon scattering in
antiferromagnetic crystals RbMnF, [6] and KNiF, [11l] have
2 w & & m led to an almost total agreement between the experimental

LK T, data and calculation. It should be noted here that the
cubic structure of the crystals RbMnF,; and KNiF, does not
change down to the very lowest temperatures, but KMnF,; goes
through a number of phase transitions when cooled [12],
namely into the orthorhombic phase at 184°K, and the crys-
tal symmetry decreases to monoclinic at the region of the
magnetic-ordering point (TN = 88°K). These distortions,

CE-

Fig. 2. Tempera-
ture dependence
of the spectral
position of the
maximum of two-
magnon scatter-
ing. which apparently have 1little influence on the spin-wave
spectrum of KMnF,;, lead to resolution of the Raman scatter-
ing of first order by phonons, and to the appearance of a number of lines in
the scattered spectrum, including the immediate vicinity of the two-magnon
scattering band, leading to broadening of the latter. For the same reason, it
is impossible to study the temperature dependence of the half-width of the two-
magnon peak. The scattering of light by optical phonons will be considered in
detall elsewhere. Here we wish to mention only the frequencies of the addi-
tional lines appearing when the crystal is cooled: 27, 49, 108, 117, 158, 170,
230, and 252 em~! at 20°K.

In conclusion, we are sincerely grateful to V.V. Eremenko for constant
interest 1n the work, advice, and discussiong, and to L.T. Kharchenko for help
in preparing the experiment.
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