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decay rate, an upper limit of 5& 10 ' cm' was
calculated for the triplet photoionization cross
section at 525 nm. This value is 20 times small-
er than the one reported by Holzman et al. ,

'
but these authors used excitation which extend-
ed down to about 472 nm. Perhaps the small-
er available kinetic energy, relative to a thresh-
old at 4 eV, with two 525-nm photons results
in more loss of carriers by immediate recom-
bination than at the shorter wavelengths.

Crystals were also exposed to stimulated
Raman pulses at 467 and 421 nm, which are
the third and fourth anti-Stokes lines from liq-
uid nitrogen. At both wavelengths, the fluores-
cence was essentially a linear function of the
intensity, indicating that one-photon excitation
from a vibronic level of the ground state was
dominant. The photocurrent had an approxi-
mate square-law dependence, which is expect-
ed for either singlet-photon or singlet-singlet
interaction mechanisms for carrier produc-
tion. From Nakada's values for the absorp-
tion coefficient at 421 nm and Kepler's sing-
let photoionization cross section, ' the expect-
ed photocarrier generation at this wavelength
was calculated to be 3 && 10' cm ' for an exci-
tation intensity of 110 W cm '. A measured
value of 3.2&& 108 cm was found. Calculations

based on the exciton-exciton interaction mech-
anism and the measured generation coefficient
of Silver et al.' yielded currents larger by fac-
tors from 15 to 75, depending upon the polar-
ization.

The author wishes to thank Donald C. Hoest-
erey, of these Laboratories, for many help-
ful discussions and suggestions.
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ULTRASONIC PROPAGATION IN RbMnF3 NEAR THE MAGNETIC CRITICAL POINT
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Measurements of the ultrasonic attenuation and velocity near the magnetic critical
point in the cubic Heisenberg antiferromagnet RbMnF3 have been performed over a wide
range of frequencies. The ultrasonic attenuation coefficient e is divergent at T~ and
obeys the law n ~ ~~(T Tc) 0' ' 2 for—two decades of reduced temperature T/Tc 1. —

Considerable theoretical attention has been
focused recently on the behavior of the ultra-
sonic propagation near the magnetic critical
point. ' ' As the transition temperature of a
magnetic solid is closely approached, the fluc-
tuations of the magnetization give rise to an
increasing cross section for spin-phonon scat-
tering. This manifests itself physically as a
growth of the absorption of the ultrasoriic waves.
Although most theories predict the attenuation
coefficient n to be singular at the critical tem-
perature T~ there appears to be no agreement

as to the strength of the singularity. Further-
more, it is not yet clear what differences, if
any, exist between the critical behavior of n
for the ferromagnet and antiferromagnet. The
experimental data on these quantities have been
sparse. In antiferromagnetic MnF, an inves-
tigation' showed a frequency-dependent anom-
aly at T~ but no quantitative conclusion could
be drawn about the existence of a singularity.
Quite recently, measurements of n in the me-
tallic ferromagnet gadolinium' have indicated
a singularity of the form n~ (T-Tc) 'a. We
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present here some results from an experimen-
tal investigation of ultrasonic attenuation and
velocity near the Noel temperature in the iso-
tropic Heisenberg antiferromagnet RbMnF, .
We find that the attenuation is divergent at T&
and is consistent with the power law n~ (T

0.32 + 0. 02
t.-j

The perovskite RbMnF3 is unique in that it
bears the closet resemblance to the isotropic
Heisenberg antiferromagnet of any physical
compound. ' The Mn+' ions are located on a
simple cubic lattice and this symmetry is main-
tained above and below the Nd'el temperature'
(distortion &10 '). The low magnetic aniso-
tropy field (HA-4 Oe),"the occurrence of a
remarkably small thermal expansion anomaly
near T~, ' and the lack of symmetry change on
ordering are direct consequences of the weak
coupling between the spin system and the lat-
tice. Lattice instability near T~ does not re-
sult, the ensuing transition is second order,
and thus the behavior of RbMnF, should be well
represented by the antiferromagnetic Heisen-
berg model.

Measurements of the ultrasonic attenuation
near T~ for frequencies from 30 to 150 MHz

were performed on a large (-15-mm cube) sin-
gle crystal of RbMnF, of high perfection. "
Attenuation near T~ was measured relative
to the attenuation at T&+ 15'K at which temper-
ature the critical scattering was negligible.
Ultrasonic velocities were measured by the
pulse superposition technique" from 4.2 to
300'K for (001) and (110) propagation at fre-
quencies from 10 to 70 MHz. The critical be-
havior of these quantities for (001) longitudi-
nal waves is exhibited in Fig. 1. The tempera-
ture at which the attenuation maxima and the
velocity minima appear is frequency independent
within our sensitivity and defines T~ = 82.96 K.
All data were taken at thermal equilibrium with
temperature stability to better than 5 &&10 deg.

Of central interest is the temperature depen-
dence of the attenuation near T&. We assume
that n obeys a law of the form
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FIG. 1. Critical ultrasonic attenuation and velocity
of (001) propagating longitudinal waves in RbMnF&.
The attenuation maxima and velocity minima occur at
the Neel temperature Tz = 82.96'K for all frequencies
studied.

The exponent f is obtained in practice by choos-
ing the value of 0 which yields the best straight
line in a plot of n 1/~ vs T/Tc 1. Using the—
110-MHz data we find &=0.32+0.02 for the re-
gion 3 x 10 & T/T~-1 & 2x 10 2 with Tc = 82.96'K
We find also that the attenuation is quadratic
in frequency (n CC (d') over the same tempera-
ture range.

a(T) = A [T/T -1j
C lQ 3

IO

in the critical region. Figure 2 shows a double
logarithmic plot of the critical attenuation ver-
sus reduced temperature (T & Tc) for (001)
longitudinal waves at 110 and 150 MHz. This
type of plot is most useful in determining the
extent of the critical region (T//Tc-1 & 2 x10 2).

FIG. 2. Double logarithmic plot of attenuation versus
reduced temperature (T/Tc 1) for (001) propaga—ting
longitudinal waves in RbMnF3. The straight line drawn
through the data points corresponds to the critical ex-
ponent f = 0.32.
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By comparing our results for RbMnF3 with
those for Gd, ' we may summarize the exper-
imental situation for the ultrasonic attenuation
near the magnetic critical point. (I) The ul-
trasonic attenuation coefficient is singular at
Tc for long wavelengths; (2) the attenuation
is proportional to (T—T&) ~ with fF &OAF,
where &F and &AF are positive critical expo-
nents for ferromagnet and antiferromagnet,
respectively; (3) the attenuation is proportion-
al to w' near T~ for both ferromagnet and an-
tif erromagnet.

It does not appear profitable at this point
to make too detailed a comparison of the ex-
perimental results with existing theory. The
attenuation coefficient in the aforementioned
theories' ' is usually expressed in terms of
a four-spin correlation function which is sub-
sequently approximated by two-spin correla-
tion functions. This factorization becomes
unreliable near T~ with the net result that the
critical fluctuations are overemphasized, lead-
ing, in general, to too singular a divergence
of n near 7'~. It should be noted, however,
that the theories of Bennett and Pytte' and of
Okamoto' correctly predict the properties (I)-
(3) enumerated above.

Quite recently, a very fruitful approach for
predicting the behavior of transport properties
near the critical point has been by construc-
tion of dynamical scaling laws. "~'~ In partic-
ular, it has been proposed that the thermal
conductivity of liquid helium should diverge
as (T—T&) "s at the lambda point. " In partic-
posal, in conjunction with results due to Kawa-
saki, ' has prompted the suggestion" that in
a magnetic solid near T~ the ultrasonic atten-
uation should be proportional to the thermal
conductivity of the spin system, a property
whose critical behavior should be obtainable
from scaling laws. Although no quantitative
theoretical results based on these arguments
have been presented as yet, it is to be hoped
that the above relationships will be studied in
fuller detail. It can be aniticpated also that
phenomenological arguments, "applied recent-
ly to gas-liquid critical phenomena, may find
application in magnetic systems and possibly
in obtaining the critical behavior of the ultra-
sonic attenuation.

It is essential to realize that the ultrasonic
attenuation is useful as a probe of the spin sys-
tem only to the extent that the coupling between
the spin system and the lattice is well under-

stood. All theories of ultrasonic attenuation
have implicitly assumed constant spin-phonon
coupling or constant volume at T~. In a real
material in which the lattice parameter may
change rapidly at T~ one should expect, in gen-
eral, significant variations in the effective cou-
pling. In RbMnp„ the volume change is anom-
alously small so that neglect of coupling chang-
es is reasonable; in other materials this may
not be justified.
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