theory. At (T - Tc)/TC < 107* we have Uwx(0) > 1 and, as can be seen from Fig.

2, the demagnetization alters strongly the temperature dependence of x(0).

For measurements of the circuilt Q at nine frequencies in the indicated
interval, we determine the value of X"(w) from formulas (2) and (3). The fre-
quency dependence of X'"(w) turned out to be linear in accord with (1), thus
confirming the validity of the hydrodynamic description of the long-wave fluc-
tuations in the critical region.

The value of the relaxation time T in the critical region at T > TC in the

relative-temperature range 107° - 10~"* lies in the interval 10~° - 107° sec.
A plot of T against (T - Tc)/TC is also shown in Fig. 2. According to our data,

the dynamic critical index A, defined by the relation T v [(T - TC)/Tc]_x, is
close to unity, whereas similarity theory predicts 2 = 5/3.

Thus, the measurements have shown that the radio-frequency method is ef-
fective and sufficiently precise in investigations of phase transitions 1n
ferrodielectrics. The hypothesis that the hydrodynamic description of homo-
geneous fluctuations is applicable near TC was experimentally confirmed. The

times of homogeneous relaxation of the spin system in the paramagnetic region
and the values of the critical indices were determined.

In conclusion, we are grateful to D.M. Kaminker, S.V. Maleev, and A.I.
Okorokov for useful discussions and for help with the work.
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As is well known, in the Cu20 crystal there should exist, besides the
triply-degenerate exciton state n = 1 of the "yellow" series, with symmetry
I'ts (ortho-exciton) also a nondegenerate state n = 1 with symmetry T, (para-
exciton) [1]. In the luminescencg and absorption spectra it 1s possible to
observe only transitions to the T,5; ortho-exciton levels, which are allowed in
the quadrupole approximation [2, 3]. The transition to the T, state is forbid-
den in the dipole and gquadrupole approximations, so that this state was not ob-
served to date.

The luminescence spectrum of Cu20 contains, besides resonant emission of
the TI'ts exciton, also a number of bands due to annihilation of the exciton with
simultaneous excitation (or vanishing) of phonons. According to [1], transi-
tions to the level T3s with participation of the phonons Tzs, I'T2, Tz, and I'is
are allowed in the dipole approximation. An investigation of the Cu;0 exciton-

269



luminescence spectra has made it possible to determine the frequencies of all
the optical phonons, including that of the I'ts vibration active in the Raman
scattering (see the table). A detailed discussion of the results of the in-
vestigation of the Cu,0 phonon spectra will be presented in a separate paper.

Frequencies of optical phonons of cuprous oxide,
determined from measurements of the luminescence
spectra, and their interpretation

Mode | Do N Sdl I Dl B O ik aE
25 | M2 102 2 | long. {transv.| long.|transv.
F:;ﬂ‘;ency 84 |110f350f 515 | 150 | - 640 | 610

In addition to the phonon modes listed in the table, we observed also
one emission band located approximately 180 em~! away from the ortho-exciton
line, and having the characteristic shape of the phonon mode of the free exci-
ton. This band does not fit the general scheme of the phonon spectrum of
cuprous oxide. The temperature dependence of the lumlnescence intensity of
this band differs strongly from the temperature dependence of the remaining
phonons. 1In addition, the phonon mode with frequency 180 em™ ! is never en-
countered in the emission spectrum of the bound excitons of cuprous oxide.

All this allows us to propose that the observed band is the result of
the interaction between the phonon and another exciton state (not rts). It is
natural to assume that this state is the para-exciton T:. It follows from
group-theoretical considerations that the transition to the para-exciton level
is possible in the dipole interaction when only one phonon Tzs takes part.
Knowing the energy of the I'zs phonon (w = 84 cm™!), we determined the position
of the para-exciton level () = 6135 2 at T = 4.2°K) and the ortho-para split-
ting energy € = 96 cm~!. We note that according to the estimate in [1] the
magnitude of the ortho-para splitting should be about 15 em™ !,

Although we know where the para-exciton level should be located, we could
not observe it in either luminescence or absorption.

We succeeded in observing this level only in deformed crystals. The new
line appeared in the Cu.0 luminescence spectrum following compression along
the fourfold symmetry axis Cus at exactly the location determined bef‘orehandi
i.e., on the long-wave side of the ortho-exciton line, at a distance 96 em™ ",
It turned out that the para-exciton line is emitted not at all pressures, but
only starting with a certain definite value, and further increase of the pres-
sure changes its intensity little.

The figure shows microphotographs of the exciton emission spectra at pres-
sures P = 7 kg/mm? (curve 1) and P = 10 kg/mm? (curve 2). It is seen from_the
figure that the para-exciton line appears only at a pressure near 10 kg/mm? .
It is known from [4] that when Cu,0 is deformed along the Cuy axis the level of
the T$s exciton splits into two components, which shift in opposite directions
away from the initial position. Corresponding splittings and shifts are ex-
perienced also by the phonon replicas. At low temperatures (T = 1.8°K) the
short-wave exciton-emission component in fhe luminescence spectrum is very
weak, since it is almost unpopulated. Accordingly, the short-wave components
of the phonon replicas are likewise weak and cannot be seen in the lumines-
cence spectra shown in the figure. With increasing pressure (curve 2), how-
ever, a new narrow para-exciton line appears in the luminescence spectrum on
the short-wave side of the I't, phonon.

270



The appearance of the para-exciton line
in the Cu20 luminescence spectrum cannot be
due to a lowering of the degree of forbiden-
ness by the deformation [1]. It is likewise
impossible to attribute the lifting of the
forbidenness to the nonmonotonic pressure de-
pendence of the para-exciton line intensity.

It must be emphasized once more that the
appearance of the para-exciton line in the
luminescence spectrum has a resonant char-
acter. As noted earlier, the para-exciton
line appears only when the distance between
the short-wave component of the ortho-exci-
ton and the para-exciton level becomes equal
to the energy of the I'T2 phonon (w = 110
cm_l), i.e., when the short-wave component
of the phonon mode of the ortho-exciton
happens at the para-exciton level. We have
established that the para-exciton phonon-
mode Intensity 1s independent of the pres-
sure, and therefore the appearance of the Pj
line in the emission spectrum can likewise
not be attributed to an increase of the para-
exciton concentration.

We believe that the appearance of the
para-exciton line in the specturm of deformed
Cu20 is due to resonant scattering of the
ortho-exciton by the para-exciton level with
excitation of a phonon, followed by a radia-
tive transition to the ground state.

In conclusion, the authors are deeply
grateful to Professor S.A. Moskalenko and M.T.
Shmiglyuk for a discussion of problems in the
theory of ortho- and para-excitons in CuzO
crystals.
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Microphotographs of the
luminescence spectra of
single-crystal Cu,0 at pres-
sures P = 7 kg/mm?® (1) and

=~ 10 kg/mm? (2); the ortho-
excliton lines are marked v
and v', and the para-excitodn
line Vp The phonon fre-

quency w is reckoned from
the unshifted position of
the ortho-exciton level.
T = 1.8°K, P|{| Cu.
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The purpose of the present study was a search for the new lsotope T

1139.

The level scheme of the daughter 1sotope 1s unknown.
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