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A careful look at the data on the specific-heat anomaly in bcc solid 3He reveals that it
disagrees in temperature dependence and concentration dependence with the theory re-
cently proposed by Varma.

Several experiments' on solid 'He have indi-
cated that there is an anomalous contribution to
the specific heat at temperatures on the order of
0.4 K. Recently Varma' has proposed an expla-
nation of this anomaly. The purpose of this Let-
ter is to review the experimental evidence for
the nature of the anomaly and to comment on the
explanation due to Varma.

Temperature dependence. —Edwards and Pan-
dorf' and Sample and Swenson' have measured
the specific heat of bcc 'He at several molar
volumes down to & = 0.30 K. Both experiments
find a quantitatively similar specific-heat anom-
aly (an excess specific heat) in the temperature
range 0.3'K ~ 7' ~ 0.O'K. These experiments
measure

C(T) =Cp(T) +C~(T) = Nk p5 -en Tj

where C(T) is the experimentally observed spe-
cific heat, C~(T) is the phonon specific heat and
C, (T) is the anomalous specific heat. In the tem-
perature range where the anomaly occurs (T/en

0.02) it is assumed that C~(T) is proportional
to & and that the anomaly must account for any
temperature dependence found in BD(T). From
the specific-heat data we have C, (0.6 K) «C~
(0.6 K) and C,(0.3 K) = 0.15 C~(0.3 K).

Adams and co-workers" have measured (dP/
dT) y in bcc 'He from above I'K down to 20 mdeg
K. They find a (dP/dT) &anomaly at tempera-
tures on the order of 0.4'K. More precisely,
the experiments of Adams and co-workers mea-
sure the excess pressure'

(2)

where &PJ is the excess pressure due to the ex-
change system,

4 Pg = const x fg cP/T,

&Pz is the excess pressure due to the phonons,
and &P, is the excess pressure due to the anom-
aly. Panczyk and Adams' have analyzed their
data at low temperatures to determine J, the
constant which characterizes the exchange inter-

action. Their analysis involves extracting the
' component of the excess pressure at sever-

al molar volumes and using Eq. (3). If the ex-
cess pressure due to the anomaly were propor-
tional to & ' it would be indistinguishable in its
temperature dependence from &PJ. Then, the
data analysis procedure used by Adams and co-
workers would determine a J~~ which includes
++J and ~P, .' The agreement between ~~& de-
termined by Adams and co-workers and JN~R
determined by NMR experiments strongly sug-
gests that ~~~ =JN~R and that &P, is not large
compared with &PJ. Perhaps the agreement
between ~~~ and ~N~R is fortuitous. In any case
&P, proportional to T ' could not lead to an
anomaly. It could only lead to a mistaken calcu-
lation of J~~. But Adams and co-workers find
that the anomaly observed at &= 0.4 K in sam-
ples of small molar volume («22 cm'/mole) is
much greater than the extrapolation to that tem-
perature of the & ' component of the excess
pressure. At larger molar volumes the anomaly
persists even after an appreciable correction to
the data made by subtracting the extrapolation of
the & ' component. Therefore, the excess-pres-
sure anomaly does not depend on temperature as

I

Concentration dependence. —The specific-heat
anomaly and excess-pressure anomaly are not
sensitive to the concentration of 4He impurities.

(a) Adams and co workers' h-ave looked for 'He
impurity effects in their excess-pressure data
and found none.

(b) The specific-heat data of Edwards and Pan-
dorf' at a 4He concentration x of 300 ppm com-
pare well with the specific-heat data of Sample
and Swenson at x = 2000 ppm. '

(c) The thermal-conductivity experiment of
Thorllinso' which gives indirect evidence for
the specific-heat anomaly has been performed
at x= 2 ppm and & =100 ppm with no noticeable
difference in the results. '

The theory of the specific-heat anomaly due to
Varma disagrees with the experimental observa-
tions on two counts; (1) it gives rise to an ex-
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cess pressure which goes as T ' and (2) it
gives rise to an excess pressure (specific heat)
which is concentration dependent.

Varma has suggested that an "indirect spin
interaction" between pairs of spins due to their
coupling to the phonons gives rise to a specific
heat contribution of the form

C „-A'/T',

where & is a characteristic energy associated
with the spin-phonon interaction. The constant
& is proportional to J", the coefficient of the
u~j-' term in an expansion of J in terms of the pho-
non co-ordinates, u~. The J"term in the expan-
sion of ~ leads to the "indirect spin-phonon"
interaction. This same term is also supposed
to be responsible for the two-phonon process
which is observed in NMR data at low tempera-
tures. "" Its relationship to this data is dis-
cussed in detail by Nosanow and Varma. "

(1) An excess specific heat proportional to &

yields an excess pressure proportional to T
It is clear from the discussion above that the ex-
cess pressure (specific heat) anomaly cannot
have this form.

(2) The data, of Hatton and Giffard" on the "two-
phonon" relaxation process indicate that it is ex-
tremely concentration dependent. In their discus-
sion of these data, Nosanow and Varma" state
that this concentration dependence arises from
the concentration dependence of J . Using the
Nosanow-Varma analysis of the data of Hatton
and Giffard, we must conclude that (J")2 at x = 2

ppm is about 2 orders of magnitude smaller than
(Z") at x=200 ppm; (&") c-x. Since, in the
theory of the specific-heat anomaly due to Var-
ma, C,(1)~(&"), we have C,(p~x. This pre-
diction is not in agreement with experiment. '

We believe the theory of the specific-heat anom-
aly in bcc 'He due to Varma predicts an incor-
rect temperature dependence and concentration

dependence.
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14Although it is not relevant to the present argument,
we wish to point out that the two-phonon part of the data
of Richards, Hatton, and Giffard {Ref. 11) and of Gif-
fard and Hatton (Ref. 12) probably has nothing at all to
do with a spin-phonon interaction. All features of the
data are easily understood in terms of two-phonon scat-
tering from 4He impurities. The important point is
that the process is not intrinsic to pure 3He.

811


