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Self-induced oscillations of the polarization of light in KCI crystals
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A new nonlinear effect in crystal optics in the form of self-induced oscillations of the polarization of radiation
in cubic crystals was observed experimentally and investigated. It was found that the effect could be used to
investigate inversion of the imaginary and real parts of the susceptibility of impurity centers.

It is shown in Refs. 1 and 2 that the orienta-
tion and eccentricity of the polarization ellipse of
strong radiation in nongyrotropic cubic crystals
generally oscillates with the thickness. This effect
is associated with the specific features of a self-
induced anisotropy of refraction in crystals in which
there are certain preferred directions, contrary to
isotropic media.3 Self-induced oscillations of the po-
larization of radiation traveling along threefold and
higher-order axes are a symmetry property and the
magnitude of the effect depends on the mechanism
of the optical nonlinearity and on the intensity and
polarization of the incident radiation. An anisotropy
of the nonlinear response of cubic crystals is par-
ticularly strong under resonance conditions.! Itis
manifested both in refraction and absorption. In the
case of an exact resonance the absorption anisotropy
is strongest; it results in a self-induced rotation of
the plane of polarization.“s®* The nonlinear refrac-
tion anisotropy and the associated self-induced oscil-
lations of the polarization appear on detuning from
resonance. Therefore, by varying the frequency
of light within an absorption band we can influence
such polarization oscillations and, for a fixed thick-
ness of a crystal, alter the eccentricity and orienta-
tion of the polarization ellipse of the output radia-
tion: such changes may oscillate on increase in the
frequency. An investigation of the polarization char-
acteristics of the output radiation makes it possible
not only to detect the self-induced oscillations of the
polarization, but also to determine the spectrum of
the real and imaginary parts of the resonant nonlinear
susceptibility of a crystal.

We carried out an analysis of the spectral de-
pendence of the polarization characteristics of ra-
diation transmitted by a KCl crystal containing
FA(Li) centers. We selected crystals of sufficiently
high optical density (kd 2 5 at the impurity ab-
sorption maxima). A self-induced rotation of the
plane of polarization of radiation of frequency corre-
sponding to the maximum of a long-wavelength im-
purity band was reported earlier® and such rotation
was found to be 40°. In this case we observed self-
induced oscillations of the polarization in the wings
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of the impurity absorption bands and we investigated
them.

Our experiments were carried out at 77 K on
samples 5 mm thick cleaved along (100) crystaillo-
graphic planes. Impurity FA(Li) centers were
created in a crystal by a method described in Ref.
7. The source of radiation was a tunable dye laser
of the LZhI-504 type covering the relevant range
0.53-0.71 u. Linearly polarized laser radiation was
directed along the [001] axis of a crystal. A stan-
dard method was used to determine the following
characteristics of the elliptically polarized output
radiation: the angle & between the major axis of
the polarization ellipse and the x || [100) axis; the
angle ¥ governing the ratio of the field components
|[Ey | and |Ex| (tan¥ = |Ey/Ex|; ¥ |L[101] axis);
the difference between the phases of the components
¢ = arg(Ey/Ex).

The spectral dependences of the parameters a,
¥, and ¢ determined under steady-state conditions
for three orientations of the plane of polarization of
the incident light o, = ¥, are represented by points
in Figs. 1-3. We can see that the self-induced
anisotropy makes the output radiation elliptically po-
larized and the orientation of the ellipse oscillates
with the frequency. It is important to note that in
certain spectral intervals the angle o becomes nega-
tive (the major axis of the ellipse passes through
the [100] axis) and then the difference between the
phases of the components ¢ exceeds =/2. This is

evidence of the self-induced oscillations of the po-
larization. In fact, as shown earlier®'®* and demon-
strated in Fig. 1, the ratio of the amplitudes of the
field components |Ey| and |Ex | varies monotonical-
ly with the thickness of the crystal and it is found
that tan¥ = |Ey/Ex| decreases if tan¥, < 1. There-
fore, in the case of a fairly thick crystal the ec-
centricity of the polarization ellipse tends to unity
and the major axis of the ellipse becomes aligned
closer to the [100] axis. Consequently, the change
in the sign of « at some finite thickness of a sample
is clear evidence of the oscillations of the polariza-
tion.
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FIG. 1. Spectral dependences of the polarization parameter for

radiation transmitted by a KC1 crystal containing FA(Li) centers.
Theoretical curves 1-3 are plotted for three azimuths of the lin-
ear polarization of the incident radiation ¥, = 35, 25, and 20°,
respectively (£ = 0.98). Experimental values of ¥, (degrees):
I) 35; II) 25; III) 20.

The qualitative difference between the self-
induced oscillations of the polarization and the known
(Ref. 9) oscillations of the polarization in birefrin-
gent crystals is that in the self-induced anisotropy
case both the value of the phase shift between the
field components Ey and Ex and the sign of this
shift are governed by the relationship between these
components (since the directions [100] and [010]
are equivalent), whereas in the case of birefringence
the phase shift in linear optics is governed only by
the difference between the refractive indices of the
ordinary and extraordinary rays. The change in
the sign and in the magnitude of the phase shift
due to the self-induced anisotropy are plotted in
Fig. 4 as a function of the orientation of the plane
of polarization of the incident radiation.

The observed self-induced optical anisotropy
is due to the characteristic features of the sus~
ceptibility of the FA(Li) centers in KCl. Optical
excitation may result in reorientation of such cen-
ters? and polarized radiation produces a nonuniform
distribution of the centers in respect of the orien-
tation, i.e., it makes the crystal optically aniso-
tropic as a whole. A description of the spectral
dependences of the parameters ¥, «, and ¢ is given

do

FIG. 2.

Spectral dependences of the orientation @ of the major
axis of the polarization ellipse of radiation transmitted by a
crystal for three azimuths of the linear polarization of the in-
cident radiation. V¥ (degrees): 1) 35; 2) 25; 3) 20.
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FIG. 3. Spectral dependences of the phase shift ¢ for three
different values of ¥,. Curves 1-3 have the same meaning as in
Fig. 2.

by a theory developed for the investigated system
in Refs. 5 and 8. The theoretical results based on
the Gaussian approximation for the absorption band
profiles FA, and FA, with the parameters found in
Ref. 7, deduced allowing for the breakdown of the
selection rules in the FA, band caused by an in-
duced local vibration,® are shown as continuous
curves in Figs. 1-4. According to Ref. 8, the
change in the ratio of the moduli of the components
tan? = |Ey/Ex| during propagation in a crystal is
independent of the phase relationships and is gov-
erned by the ratio oy/c; of the cross sections for
the absorption of light polarized along and across
the axes of the centers [it is this parameter that
determines the anisotropy of the distribution of the
FA(Li) centers in respect of the orientations]. The
advance of the phase ¢ depends both on oy/o; and
on the difference (x'y - x'L) between the real parts
of the susceptibility. The complete change in y and
¢ in a crystal is governed by the ratio of its thick-
ness to the impurity absorption length £ = (20 +
61)(oy = 01)=2. The relationship is only the fitting
parameter used in the calculation of the curves
plotted in Figs. 1-4.

In accordance with the above description, in
the vicinity of the isotropic point where oy = oy,

70

FIG. 4, Dependences of the pa-
rameters ¥, o, and ¢ mea-
sured at the wavelength of A =
610.5 nm on the angle Yo between
the plane of polarization of the
incident radiation and the [100]
axis of a crystal. The experi-
mental values of: 1) V¥; 2) a;
3) ¢ . The continuous curves
are theoretical dependences base
on Ref. 8.

-%
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the polarization of the radiation in a crystal changes
only slightly: | ¥—¥, | « |a—as | « [¢ |< 1. This
spectral dependence of the phase shift ¢ has a char-
acteristic form of a dispersion curve for a system
with two absorption peaks. It should be pointed
out that a determination of ¢ makes it possible to
reconstruct directly [see Eq. (6) in Ref. 8] the
spectrum of the difference between the real parts

of the susceptibility of a center (in a theoretical
description it is found using the Kramers-Kronig,
relationship) .

A high-frequency maximum of the change in ¥
(Fig. 1) coincides with the center of the FA, band
and the low-frequency maximum is shifted relative to
the center of the FA, band toward shorter wave-
lengths. The genera’l form of the spectral depen-
dence of the angle a (Fig. 2) is close to the spec-
tral dependence of ¥, but there are also several
important differences. The self-induced oscillations
of the polarization can make the angle o negative
(in the range ¢ > /2). Maxima of |a— aﬁaare
shifted significantly relative to the centers of the
FA, and FA, bands, because they are associated
both with thé real and imaginary parts of the sus-
ceptibility of the centers. The positions of the
maxima of |a, - «| and of the maxima of |¢| depend
strongly on the orientation of the plane of polariza-
tion of the incident radiation o,.

In spite of the fact that all these features and
the maxima of [¢ |, | ¥—¥,|, la—a,l in Figs. 1-3
and that the dependences of ¥, ¢, and ¢ on ¥, in
Fig. 4 are in qualitative agreement with the simple
theory of Ref. 8, we can still see some discrepan-
cies. For example, in the long-wavelength wing of
the FA, band a calculation predicts a steeper fall
of |¥ ~'¥,[ and |a — a,| than that found experi-
mentally and at the center of the FA, band the theo-
retical values of |¥ — ¥,| are overesfimated. We
can also see that in the vicinity of the isotropic
point (oy = a) the plane of polarization found ex-~
perimentally deviates toward the nearest [110] axis.
More significant are the differences between the
theoretical and experimental values of the phase
shift. The deviations of the experimental results
from the theory of Ref. 8 may be due to the pres-
ence in the investigated crystals not only of the
Fa(Li) centers, but also of a relatively large num-
ber of defects of other types. Such defects influ-
ence on the one hand FA(Li) centers (the asso-
ciated inhomogeneous broadening effect is mani-
fested quite differently in the FA, and FA, bands)
and on the other hand they themselves may con-
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tribute additionally to the self-induced anisotropy
in the investigated frequency range.

Defects in the form of MA and MA* centers may
be important: they are complexes formed from the
F, or F,* centers and the Lit impurity ions. This
was confirmed in additional experiments on dichroism
induced in an isolated MA band (v 0.87 u) by po-
larized radiation of 0.55 u frequency in the F band.
Calculations indicate that in the vicinity of the iso-
tropic point of the FA(Li) centers these defects ro-
tate — for the investigated values of ¥, — the plane
of polarization of the radiation toward the nearest
[110] axis, as indeed found experimentally.

It follows from the results of the present
study that the self-induced oscillations of the polar-
ization make it possible to investigate directly the
spectral dependence not only of the imaginary but
also of the real parts of the susceptibility of the
impurity centers in cubic crystals. The nature and
magnitude of the self-induced oscillations of the po-
larization depend strongly both on the nature of the
centers and on the characteristics of their dynamics.
Therefore, the self-induced oscillations of the polar-
ization are of interest not only as a new effect in
nonlinear crystal optics, but also as a possible means
for the identification and investigation of impurity
centers.
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