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Some specific effects accompany the propagation of failrly intense radiation in a
crystal, which are absent in the nonlinear optics of 1sotropic media. Some of them occur
even in cubic crystals, including the effect considered in [1,2]: self-induced rotation
of the plane of polarization SIRPP for resonant radiation and self-induced polarization
oscillations SIPO. These effects have some features related to the symmetry, while they
are also substantially dependent on the optical-nonlinearity mechanism, and therefore,
as shown below, they can be used to determine crystal propertiles and parameters.

In phenomenological discussion of the optilcal nonlinearity, the SIRPP and SIPO arise
already when one incorporates a term of E.|E.}* type into the expression for the x-component
of the nonlinear polarization of third order P®(r)exp(—iwt) plus complex conjugate:
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(E is the field énvelope,'with the coordinate axes along the fourth-order ones). It is
readily shown that purely dissipative nonlinearity, ReAi = 0, in the resonant case, as. in

two-photon absorption if the frequency lies at the center of the absorption band, has the
term proportional to A3 leading to SIRPP, with the plane of polarization propagating in

the [001] rotated towards the nearest axis of <100> type for ImA3 < 0, while it rotates
towards the nearest axis of <110> type for ImA3 > 0.

In the case of nondissipative nonlinearity (ImA = 0), the term proportional to A,
leads to SIPO. The oscillation period is proportional to A|A E l -1

the radiation in the crystal). This is very much dependent not only on the parameter ratio
A3/A2 but also on the degree of polarization and on the orientation of the polarization

ellipse for the incident radiation relative to the erystallographic axes [(3]. For radia-
tion propagating along the [001] direction, the polarization ellipse oscillates around
axes of <110> type for |1 + A3/A2| < 1, while for |1 + A3/A2| > 1 it oscillates around

axes either of <100> type or <110> type 1in accordance with the polarization of the incident
radiation. In a certain range in the optical-nonlinearity at polarization parameters for
the incident radiation, the SIPO is replaced by rotation of the ellipse dependent on the
thickness, which is accompanied by pulsations in the degree of polarization (the pulsations
are absent in an isotropic medium ([4]).

(X is the wavelengthof

The microscopic theory of SIRPP and SIPO has been given in [1,2] for the case where
the radiation frequency lles in the impurity absorption band. SIPO arises at a certain
‘distance from the band center. Because of the absorption, the polarization oscillations
are damped as the thickness increases [2].

Optical nonlinearity is particularly large on resonant excitation of tunneling cen-
ters, including self-induced optical anisotropy, i.e., for centers having several equi-
valent equilibrium positions in the unit cell. As the resonant absorption in a center is
anlsotropic, and the centers usually reorient much more readily in the excited state, a
polarized resonant radiation enables one to produce an uneven distribution over the equi-
valent positions, which in turn influences the propagation of the radiation itself.

SIRPP has been observed for crystals containing tunneling centers [5,6]; the measure-
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tz in [5,6] were made for XCl crystals containing 7 (Li) centers, which were resonantly
ited by an He-Ne laser. -

We have examined the spectral dependence of SIRPP for ¥,(Li) centers in XCL and have

srved a new effect: self-induced polarization oscillations as the exciting frequency
ifes. ¢

A FA(Li) center in KC1l is a combination of a F center and a lithium ion replacing an

acent k", The absorption spectrum contains two bands FAl and FAE’ which correspond to

nsitions to nondegenerate and doubly degenerate excited .electronic states. In a simple
el, these transitions are excited by radiation polarized parallel and perpendicular to

axis of the center correspondingly. However, it has been shown for SIRPP produced by

iation lying in the FAl band [5] that violations of the polarization-selection rules
important. .

To. elucidate the selection-rule violation mechanism, we examined the SIRPP spectrum;
sretically, self-induced polarization change for radiation propagating along the [001]
s is described by the following equations when allowance 1s made for the self-induced
raction anisotropy at the band flanks:
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ere tgyw|EJE.; p=Arg(EJ/E:) (the x and y axes lie along [100] and [010]), a 1s the angle »
etween the major axls of the polarization ellipse and the [100], d is crystal thickness,
the parameters.ci and c; are proportional to the real and imaginary parts of the sus-

eptlbility Xy of a center with respect to radiation pblarized along the axls of the cen-

er (1 = 1) and perpendicular to it (1 = 2), with h-ci(m)--—'-:.'i(?.xc (C0 1s the center con-
crs

entration). It is evident from (2) that the lEy/Exl increases or decreases 1f 1t 1s

nitially larger of less than one, 1l.e., ¥ approximates to the closest of the values 0
nd w/2. Also, (1) indicates that there is no polarization change if the absorption cross
ection becomes zero for light polarized perpendicular to the axis.

We see from (2) that the phase shift between the components alters for Ly 5, % 03 If
’

however the reduced thickness of the crystal 1s small, 1i.e., d/1 << 1, while the incident
radiation is linearly polarized (¢(0) = 0), then |g(d)|<1, and the degree of polarization p
~hardly alters (8p»¢*). At the same time, according to {21, the rotation of the plane of
polarization is of the first order in d/l. The spectrum of the maximum angle of rotation
H{with respect to 9(0)) 1is '

d
by (B0 (3)

‘and is shown in Fig. 1 for small d/7.

In the reglon of the FA2 band (near the left peak in Fig. 1), the SIRPP spectrum
reproduces the absorption band for the FA(Li) centers [8], which agrees with (2) and (3),

'51nce here ;é' >> gi'. A characteristic feature of the SIRPP spectrum 1s the dip down to
zero at cé' = ;i', i.e., at the frequency where the absorption crosssection is isotropic.
A further major feature is that the 8¢ spectrum differs from the absorption spectrum of
FA(Li) centers near the peak 1in the FAl band. The selection-rule violation mechanism

leading to a resonant spectrum for §¢ in the region of the FAl band in agreement with

eXperiment is' mixing of the wave functions for the degenerate excited electron state of
a tunneling center and the wave function of the nondegenerate excited state, which 1is
Induced by local vibration.
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Fig. 1. Spectrumvof the maximum rotation in the plane of polarization for a
crystal contalning FA centers; the points are from experiment, while the solid

curve is from theory ([7]. Relative thickness d/7 = 0.65.

Fig. 2. Spectrum dependence for the position of the major axis of the ellipse
(a) and of the azimuth of the recovered polarization (b) in transmitted radia-
tion for the KCl1l containing FA centers for d/7 = 3; points from experiment,
s0lid line from theory. -

At high optical densities, the phase shift ¢(d) - ¢(0) becomes considerable, and one
gets self-induced polarization oscillations decaying as the thickness increases. The
phase difference 1s very much dependent on frequency in the resonant region (see (2)), so
the polarization of the transmitted radiation in that case oscillates with frequency. If
the optical density 1s d/7 = 1 at the frequency maximum, the frequency dependence of the
angle o is aperiodic. It is important however that the quantity can change sign, i.e.,
the major axis of the polarization ellipse may pass through the <100> direction, which 1s
the limiting one for ¢ (the direction in which the plane of polarization rotates at exact
resonance). .

Figure 2 shows measurements on the oscillation in polarization with frequency, which
were obtained for the range covering the FAl band and the low-frequency flank of the FA2

one. A LZhI-504 tunable dye laser was used. Linearly polarized radiation having ¢(0) =

= 25°was incident on the crystal. In the general case, the transmitted radiation was el-
liptically polarized. We measured three characteristics: the component ratio |Ey|Ex| =
tgy(d) (the axes of theBabinet-Soleil compensator were set parallel to the [100] and [010]
crystallographic directions), together with the orientation a(d) of the major semiaxis and .
the phase difference ¢(d).

Figure 2b shows the spectral dependence of y, which represents the pure absorption
dichroism contribution to SIRPP (see (1)). At the wavelength A = 5925, which corresponds

to the isotropic point ci' = cé' we have 'y(d) = ¢(0) (compared Fig. 1). The phase dif-

ference ¢(d) - ¢(0) changes sign on passage through this point.

Figure 2a shows the spectral dependence of a. In a certain range on the high-fre-
quency flank of the FAl band, a is negative, which 1s an unambiguous sign of the SIPO
effect. Here ¢(d) exceeds n/2.

The relationships are closely described by (2), in which the shape of the absorption
bands was taken as gaussian {(we used the results of (7] for CS in the region of the FAl

tand, while ci was expressed in terms of CZ by means of the Kramers-Kronig relazion).
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" These ra2sults show that these new nonlinear optical effects (8IRPP 2nd SIP0O) not only
1e one to determine the resonant-absorption spectra without measuring it directly but

, to examine detailed features of impurities that lead to violation of the selection

ss for resonant absorption in the particular case of ? (Li) centers in XCl.
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