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We report here a multiple increase of the parallel magnetic susceptibility
(x) of a solid paramagnet under conditions when the temperature TSS of the spin-

spin interactions is strongly shifted by saturation of the paramagnetic reso-
nance,

The study of the x(w) dependence at frequencles w much lower than the para-
magnetlc-resonance frequency vg is the oldest method of investigating relaxation
phenomena in spin system (the "parallel-field method" [1]). This dependence 1s
usually of the form

xi (0)
X(m)=_2X,-(a)) =%—l'_ , (1)

l+iwr,

where T, can denote the spin-lattlice relaxation time, the time for the estab-

i
lishment of equilibrium in the entire spin system, or else the cross-relaxation
time (Tcr) in a system with several resonance lines with close frequencies [2].

Since none of the xi(O) exceed the static susceptibility Xo, the senslitivity of

the "parallel field" method is low (we recall for comparison that when para-
magnetic resonance is observed the susceptlblllty at the frequency v, is
Xo(Vo/8V) ~ (10% - 10%*)xe, where 8v is the half-width of the resonance line.

The possibility of greatly increasing the absolute value of the paraliel
susceptibllity, realized in the experiment described below, is based on a simul-

taneous application of two alternating magnetic fields to the paramagnetic
specimen, a field H1ej“’°t parallel to Ho and used to measure ¥{(w), and a fleld

hi egﬂivt perpendicular to Hoe to saturate the paramagnetic resonance on the wing
of the resonance line (with a detuning |[v - vo| ~ 6v). As shown by one of us
[3], such a saturation, which is known to decrease IT ] strongly (cf. [4, 51),

should increase all the x; values on the order of (TO/TSS) (10 - 10¥) %,

where Ty is the lattice temperature. We have verified this prediction experl-
mentally by measuring xcr(w). As 1is well known, the cross-relaxation suscepti-

bility is due to modulation of the gz-~component of the macroscopic magnetic mo-
ment of the sample M_ in the field Het¢?

Zeeman energy among two spin subsystems having close resonant frequencies
vi = vz (it is assumed that the detuning A;2 = v; - v depends on the external
magnetic field and is therefore also modulated at the frequency w). It can be
shown (cf., e.g., [2]) that X.p 1s proportional to the difference (vl/TZl)

(v2/TZ2), where TZl and TZ2
ing subsystems. On the other hand, it 1s known [7, 6] that under the conditions
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owing to the redistribution of the

are the Zeeman spin temperatures of the correspond-



of effective cross relaxation this difference tends to A12/Tss’ so that the ex-~-
pected enhancement of Xep in comparison with the equilibrium value should amount
to TO/TSS (the same conclusion is also arrived at by an exact calculation [3]).
The experiments were performed on a ruby crystal with chromium concentra-
tion 0.03% at To = 1.7°K. The conditions for cross relaxation between the dif-
ferent transitions of the EPR spectrum of Cr®" were set by choosing the angle 9
between Ho and the C axis of the crystal (ef., e.g., [8]). The imaginary part
of the susceptibility Xgr was determined at frequencies w/2m in the range 3 X

10% - 6 x 10°® Hz by measuring the absorption signal produced in an induction
coil wound around the ruby sample and connected in the circulit of an ordinary
autodyne NMR spectrometer.

Using a customary procedure of magnetic spectroscopy, we measured not x"(w)
but x(He) at w = const. The absorption signal was registered using deep modula-

tion of the magnetic field (at 50 Hz) about the value HST corresponding to exact
equality of the frequencies of two transitions of the EPR spectrum, v; = va,
and had a maximum at this point (Figs. 1 and 2a). Such a shape of the xgr(HO)

curve agrees with (1) if w >> Tg; and describes the dependence of the cross-
relaxation probability W . on A1, (cf., e.g., [91).

]Tssl was lowered by saturating the wing of some EPR line of ruby at a wave-

length 3.2 em (in the case shown 1in Figs. 1 and 2, we saturated the low-fre-
quency line wing, corresponding to a 2 - 3 transition if the energy levels are
numbered upwards). As seen from Fig. 2b, the susceptibility signal was in-
creased by many times in this case (the gain in the figure is TO/TSS = +15).

When the opposite wing of the EPR line was saturated, we observed inversion of
the Xcr(HO) curve (negative-absorption slgnal), but the galn had the same abso-

lute value.
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Fig. 1. Frequencies of the (1 - 2) and (2 - #4) transitions of the EPR
spectrum of Cr®t in ruby (the energy levels are numbered upwards) vs.
the magnetic field Ho at 6 = 34°,

Fig. 2. Oscillograms of the Xgr signal at 6 = 34°. The sweep corre-

sponds to variation of Hy from 4475 to 4625 Oe: a - under ordinary con-
ditions, b - upon saturation of the EPR (2 - 3) line wing.
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By suitable choice of the frequency we could, simultaneously with the ob-
servation of Xgr’ register the NMR spectrum of the %?7A1 nuclei in the ruby lat-

tice (to thils end, the coil axis was inclined somewhat to the Hgy direction). It
turned out that the gain of the Xgr signal was exactly equal to the gain in the

polarization of the 27Al nuclei; furthermore, the NMR and Xgr signals returned

to their equilibrium values, after the microwave was turned off, at the same
time constant (8 sec in Figs. 1 and 2) characterizing the nuclear spin-lattice
relaxation. We note that this result seems to be the most direct experimental
proof of the existence of a thermal contact between the reservoir of the elec-
tronic spin-spin interactions of the paramagnetic impurity and the Zeeman system
of the lattice nuclei (cf., e.g., [61), and it is clear that this contact re-
mains also in the absence of a saturating field.

The authors thank M.I. Rodak and M.E. Zhabotinskii for interest in the work
and for useful remarks.
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The increased interest in stimulated Raman scattering by polaritons is due
both to the possible high-efficiency conversion of laser freduencies and to the
possibility of obtaining information on the dispersion characteristics of the
medium. In addition, the extraction of infrared oscillations from a crystal
makes it possible to produce a tunable laser operating in the far infrared [1].

The present communication is devoted to the first experiments on SRS by
polaritons under nonstationary conditions (with picosecond pumping). The scat-
tering was investigated, in particular, in an ionic lithium-iodate crystal be-
longing to the point group P63(CE) with two molecules per unit cell, and has a
rich spectrum of infrared-active and inactive transitions [2, 3]. However, in-
asmuch as the stimulated scattering develops collinearly with the pump wave
the number of oscillations that can be excited without supplementary conditions
(such as transverse resonators) is limited. At the same time, excitation of
oscillations with the aid of a broad spectrum can create possibilities for the
observation of stimulated scattering by lower modes that lie in this case in
the pump-spectrum line wing.

73





