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Spin Raman scattering of light in a paramagnetic ionic crystal was observed for

the first time.

PACS numbers: 78.30.Gt

It is known that inelastic scattering of light due to spin-phonon interaction can
occur in magnetic materials. Until now, spin Raman scattering of light (RSL) has
been studied only in magnetically ordered materials' and in semiconductors.? We
have detected spin RSL by Ce3* ions in a paramagnetic Ce, Mg3(NO3)y, - 24 H, O
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FIG. 1. Block diagram of the experimental setup. 1—Rotator of the polarization plane, 2—
mirror, 3,7,9,12,14,16—objective lenses, 4 —optical cryostat, S—superconducting Helmholtz coils,
6—sample, 8 and 13—diaphragms, 10-polarizer,, 11 ~Fabry-Perot interferometer enclosed in a
pressure chamber, 15—interference filter, 17—FEU-79 photo-multiplier, 18 —electrometric ampli-
fier, 19—recorder.

(CeMgN).

We have investigated a 90° scattering of light in CeMgN at 1.7 K in a constant
magnetic field. The experimental arrangement is illustrated in Fig. 1. A single-fre-
quency laser beam with a 488-nm wavelength and 0.3-W power, scattered by a cry-
stal, was analyzed by a pressure-scanned Fabry-Perot interferometer. An interference
filter with a 0.1-nm pass band cut off the spectrum of the interfering vibrational Ra-
man scattering. The time constant of the recorder was 4 sec.

\ H=35.13 Qe).

\
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FIG. 2. (a) Spectrograms of MandelStam-
Brillouin scattering and (b) spin Raman
scattering of light in CeMgN (orientation 4,

509



4v, GHz

1nr

b

10

1
15 H kOe

FIG. 3. Dependence of the spectral displace-
ment of spin RSL lines on the magnetic field.

A sample oriented compatibly with the crystal-physics apparatus was used for

the measurements.? Polarized-scattering spectra were obtained for four orientations

of the sample relative to the wave vectors k,, and k; of the incident and scattered

light and relative to the direction of the external magnetic field A, which was always

perpendicular to the optical axis of the crystal. The spectrograms obtained at =0
contained only the components of Mandelstam-Brillouin scattering (MBS) that was
studied previously.®> The doublet lines, whose shifts Av relative to the laser-beam
frequency coincided with the transition frequency v, between the Zeeman levels
of the effective spin S=1/2 of Ce3* ions in the electronic ground state: Av=w,

=g BH/h, were observed in the presence of a field H. Different kinds of scattering

spectra, which were obtained by polarizing the incident light at 90° angle are shown

in Fig. 2. The difference in intensities of the Stokes and anti-Stokes components
in the MBS is determined by the temperature of the crystal lattice and in the RSL
spectrum it is determined by the population of the spin energy levels. It follows
from Fig. 2 that the RSL transitions, in which the magnetic quantum number A

=1 varies, predominate over the transitions with Amg=-1, in approximate agreement

with the equilibrium temperature of the crystal. The shape of the observed lines of
the spin doublet was determined mainly by the instrumental function of the Fabry-
Perot interferometer. Note that the width of the spin levels, between which an RSL

transition occurs, must contribute to it. This contribution was masked in our experi-

ment by the instrumental width of the spectrometer.

Figure 3 shows the field dependence of RSL, investigated in the interval H~2

TABLE 1.

N orientation ki kg H ; es
1 001 010 z
2 010 001 y
3 100 010 ¥ z
4 010 100 x z
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-17kOe. The measured values of Av are in agreement with the equality Av=v,
(we assumed that g, ~1.83 for Ce3* ions) to within an accuracy of 1-2% corre-
sponding to the experimental measurement errors. The intensity of the RSL doub-
let, as expected, was independent of H in the experiment.

The effect was detected only in certain polarizations of the light beams e; and
e, when one of them (chosen randomly) was polarized longitudinally and the other
was polarized at right angles to the direction of A. This result is in agreement with
the polarization selection rules that proceed from the theoretical model of the effect
under study, which takes into account the electric, dipole, and spin-orbit interac-
tions.

We can conclude from a comparison of the obtained spectra of phonon and spin
scattering of light that the latter is related to the weak effects. The following ap-
proximate relation for the differential cross section of atomic RSL is valid at a cer-
tain distance from the optical-absorption lines* :

do/dQ ~ | = (e; °Dzi) <Di1 “eg) |2 )
d Ei - El— -EGJ }

where D, E, and w are the matrix elements of the electric dipole moment, the ener-
gies of the levels, and the light frequency, respectively; the subscripts 1, 2, and 7 per-
tain to the initial, final, and intermediate states of the RSL transition. The lowest
5d-configuration level in the Ce3* ions of CeMgN, which accounts for the largest
contribution to the sum (1), is separated from the main level by a distance of 3 X 10*
em™ % ie., it lies ~10* cm™ above the virtual state. Such a large value of the de-
nominator in the relation (1) qualitatively accounts for the low intensity of this ef-
fect.

The other triply charged lanthanide ions are apparently not expected to have a
large effect, since their 5d-configuration levels are located even higher. The forecast
is more favorable for doubly charged ions of this group and for ions of the iron
group, which have intense absorption bands in the visible region of the optical spec-
trum. The cross section of the spin RSL increases under any circumstances as the
laser-beam frequency approaches the optical-absorption line.

In conclusion, we note that the spin RSL method allows for the Zeeman splitting
of spin levels. This is particularly important in the investigation of paramagnetic
materials with broad spin levels of magnetic ions.
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