Investigation of the role of damping in absorption of light by

excitons
F. I. Kreingol'd and V. L. Makarov

Leningrad State University
(Submitted July 8, 1974)
ZhETF Pis. Red. 20, No. 7, 441445 (October 5, 1974)

It is observed that integral absorption of light in the region of quadrupole exciton transition in Cu,0O
tends to zero with decreasing temperature. This leads to violation of the classical relation between
the area under the absorption curve and the oscillator strength of the transition. The mechanism of

the observed phenomenon is discussed.

One of the basic problems in exciton physics is that
of the mechanism whereby light is absorbed by crystals
near frequencies that resonate with the excitation ener-
gy of the exciton. According to present-day concepts!!:2!
there should be no absorption if there are no exciton-
scattering processes. On the other hand, at sufficiently
large damping, the classical relation between the area
under the absorption curve and the exciton~transition
oscillator strength should be satisfied. There should
therefore exist a range of damping parameters in which
the decrease of the parameter is accompanied by a de-
crease of the integral absorption. The relation indicated
is violated in this region, which can be called the re-
gion of “nonclassical” absorption. This result was re-
cently obtained theoretically in'3!.

It appears that the present study provides the first
direct confirmation of the existence of such a “non-
classical” absorption.

Experimental procedure and results. We investigated
the temperature dependence of the integral absorption
of the half-width of the n=1 quadrupole line in a Cu,0
crystal. Inasmuch as the manifestation of the “non-
classical” absorption can be expected only at low values
of the damping, the quality of the samples played a
decisive role. The selected samples having a narrow
n=1 line, and by the same token reduced greatly the
contribution of the defects and impurities to the damp-
ing. From the methodological point of view, we inves-
tigated also crystals in which the »=1 line was broad-
ened. It turned out that at 7=4.2°K the n=1 line of
good samples is very narrow, Therefore investigations
at low temperatures were carried out with the aid of a
Fabry-Perot etalon, which was crossed with a DFS-12
Spectrometer. Figure la shows a plot of a section of
the continuous spectrum, while Fig. 1b shows a typical
plot of the »=1 absorption line at 7=4.2 °K. Figure lc
shows for comparison the He-Ne laser emission line.
At T >35°K the line contour was investigated with the
aid of the DFS-12 spectrometer.

Figure 2 shows experimental plots of the temperature
dependence of the integral absorption and of the half-
width of the n=1 line. Curves a and b pertain to a good
crystal (No. 1) with a narrow absorption line. We in-
vestigated only crystals of this type and established
that the half-width and the integral absorption behave
Quite identically in these crystals. Curves ¢ and f rep-
resent the approximate course of the integral absorption
in crystals Nos. 2 and 3, in which the half-width of the

201 JETP Lett., Vol. 20, No. 7, October 5, 1974

n=1 line was 0.8 and 0.4 cm™, respectively, at
T=4.2°K.

Discussion of results. As seen from Figs. 2a, the
integral absorption in the =1 line of crystal No. 1 is
constant in the temperature interval 120—60°K and de-
creases by a factor 4.5 as the temperature is further
lowered to 1. 8°K, Thus, at temperatures T <60 °K the
usual relations between the area under the absorption
curve and the oscillator strength should not hold,

A qualitative explanation of the difference in the be-
havior of the integral absorption in the region of low
(T <60 °K) and high (T > 60°K) temperatures can be
obtained by starting from the polariton nature of ele-
mentary excitations in the region of exciton resonance.
According to Hopfield, '*! the polariton can be repre-
sented as a photon that is periodically transformed into
an exciton of frequency r:
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FIG. 1. Spectra recorded with the aid of a Fabry-Perot etalon:
a) continuous spectrum, b) n=1 absorption line of CuyO crys-
tal at T=4.2°K, c) He-Ne laser emission line.
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FIG. 2. Temperature dependences of the integral absorption K
and of the half-width T of the n=1 line in CyO: a,b) K(7T) and
T(T) for crystal No. 1; c,d) theoretical plots of y(T) and K(T);
e, f) K(T) for crystals Nos. 2 and 3.
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where w, is the plasma frequency, F is the exciton-
transition oscillator strength, and € is the dielectric
constant. Polariton scattering will occur only at those
instants when the polariton is in the exciton states, so
that the criterion for violation of the classical ratio for
the integral absorption is the inequality f=y, where

v is the frequency of the exciton-scattering acts. The
estimates that follow are in satisfactory agreement
with the experimental results. Indeed, assuming F
=3x107"°, "1 ¢=17.5, and w,=6.5x10'® sec™* we obtain
F=Tx10% gsec™ (0.35 cm™). From the experimental plot
in Fig. 2b we see that this value of the damping is
realized already at 20 °K. The “nonclassical” character
of the absorption is observed also in this temperature
region.

It is also of interest to compare our results with the
conclusions of'®!, where a quantum-statistical method
was used to obtain an approximate expression for the
coefficient K(w) of light absorption by excitons:

2/ 2
K(w) = " . (2)
(w=-w P+yi+f2/4

The line half-width is in this case
(3)

F=2vy?+r2/g,

and the integral absorption is
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Expression (4) describes both the limiting cases f<y,
when K=1/%/2¢, and f>v, when K=7fy/c, as well as
the transition region where f~y.

Assuming that the experimental temperature depen-
dence of T' of the =1 line satisfies relation (3), and
obtaining f=2,4 x10% sec™ (0.2 cm™) and (7) (Fig. 2c)
in this manner, we have plotted, using (4), the theoreti-
cal temperature dependence of the integral absorption
(Fig. 2d)." In spite of the good agreement between
experiment and theory, further research is necessary
to draw final conclusions,

It must be emphasized once more that the dependence
of the integral absorption on the temperature is clearly
pronounced only in good crystals. This is illustrated by
the curves e and f, which reflect the behavior of the
integral absorption in “poor” crystals Nos. 2 and 3. We
note that the observed change in the value of the integral
absorption of the exciton-transition line is not con-
nected with spatial-dispersion effects, and is only the
consequence of quantum oscillations of the excitation
energy between the photon and exciton states. A quite
similar problem was posed and solved in papers de-
voted to a theoretical investigation of nonradiative
transitions in crystals with impurities, '®!

We are sincerely grateful to V. A. Kiselev, L.E.
Solov’ev, and E.D. Trifonov for fruitful discussions of
a number of questions considered in this article.

DTo obtain agreement between the integral absorptions at high
temperatures, it was necessary to introduce the empirical
factor 35 in the numerator of (4). The appearance of this fac-
tor may be due to the fact that formulas (2)—{4), which were
obtained for the dipole case, cannot be used directly for a
quadrupole transition, !5
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