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A microscopic calculation of the contribution of order-parameter fluctuations to the thermal conductivity
of liquid helium I near T is shown to give results in agreement with experiments and the dynamic scaling

hypothesis,

The anomalous increase in the thermal conduc-
tivity [1,2] in helium I near T, has been success-
fully analyzed in terms of the dynamic scaling
hypothesis [3,4], mode-mode coupling [5] and the
generalized Landau theory [6]. The above theories
are phenomenological in nature.

Aslamazov and Larkin [7] have calculated mi-
croscopically the contribution of the order-param-
eter fluctuations to the electric conductivity of a
normal metal above the superconducting transition
in the classical range. Tsuzuki [8] has extended
the calculation to the critical range.

The purpose of this letter, which is the analog
of refs. 7 and 8 for the superfluid transition, is
to report a microscopic calculation of the contri-
bution of order-parameter fluctuations to the
thermal conductivity of helium I near T,.

Recently the authors [9] have been able to re-
formulate the theory of Patashinskii and Pokrov-
skii [10] to describe consistently the order-pa-
rameter fluctuations in the experimentally acces-
sible temperature range near T,. The order pa-
rameter appropriate to the superfluid transition
is the Bose field operator ¥(7,1), and hence order-
parameter fluctuations are described by the fluc-
tuation propagator G (i') = -i{T{y(}) ¢*(1")},
1=7,t;. The Fourier transform can be written as
Gk, w+ 10%) = w - W(k,w) Fi3T(k, w). The
microscopic theory gives the following results for
small 2 and w near T,:

A2 +7 0 <p<py
Wik,w) = Wik,0) ~{Agk? +7 Ey1<k<kg (1)
B2/2m+ i ko <k
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and T'(k,w) = yow2 where Ag = (2/151r)(ThV0)2,
A3=(Ty\Vp)2/43202 5, f=nVor, T =(T-T))/Ty,

Vo= f drw{r), V() is the interparticle potential,

the ?omenta ko, ky satisfy Agkg? = kg/Zm and
ARy = kli respectively, and y( is a constant.
An essential feature of the present theory is the
damping I" of the critical fluctuations, which was
ignored in ref. 10. Since the damping is of the
same order of magnitude as the real part, it is
misleading to refer to helium near 7, as behaving
like an ideal gas of quasi-particles.

The thermal conductivity x can be found from
eq. (88b) in ref. 11 in-terms of the auto correlation
function of j' =j9 + \g. We use the notation of
ref. 11 and choose A = (p + T's)/nm, which gives

' =[Ts(1) - LEn(1) + p(1) -p + TSIV (1) (2)

If we ignore the fluctuations of entropy and density,
(2) reduces to j' = Tsv, and the contribution of
order parameter fluctuations to « is
k' =% s2lim [ im (o,(k, @) v, (-k, -w))]. 3)
w0 -0

The correlation function (v v), which has the
structure of a two-particle correlation function,
is factorized into a product of two fluctuation pro-
pagators in analogy to refs. 7 and 8. The corre-
sponding integral for «' is

2
e =4 31 Df $Brp? Q% 6 (hwn+10") o).
@

The vertex function @ is determined by the Ward
identity

kQ = -m 9,61 (k,0) = 2mAk . )
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Integrals similar to (4) are performed in refs.
7 and 8, and we find

= 32071 (T, s/ y g 54T = 7 (6)

It is seen that the contribution of order-param-
eter fluctuations to k diverges as 7”3 consistent
with the phenomenological theories [3-6] except
for the absence of logarithmic factors. The ex-
tended dynamical scaling [4] and mode-mode
coupling [5] theories give a critical tlemperature
dependence for k' proportional to 773 C 1/C33
where Cp and C,, is the specific heat at constant
pressure above and below T, respectively *,
The factors of C, arise in ref. 5 from the nor-
malization of the entropy fluctuations which have
been neglected here. The origin of CP factors in
the other theories can also be considered as
arising from the entropy fluctuations. The pro-

TR,
* Refs. 3 and 6 obtain 7 ’Cp‘ .
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blem of including the contribution of entropy fluc-
tuations to the thermal conductivity into a con-
sistent, microscopic theory is discussed in ref. 9.
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Relative sharing times of a valence electron are used to calculate particular dielectric constant and polar-
izabilities of the constituent atoms from optical effective charges and dielectric constants of the compound.

The real chemical bond in III-V compounts is
usually des%rlbed as a superposition of an ionic
structure A]I-[ (probalility w) and a covalent
structure A} BV"' (probability 1-w). For both
the electrons in one of the four tetraedrical
bonds follows:

#(1,2) =w g2 (1,2)+(1-0) 92 (1,2).(1)

Disregarding overlap (for the values of overlap
integrals of M-V compounds see ref. 1 we put
Yeov(1,2) = 2V2 (Bppr(1) By (2) + &y(2) Sy (1))
for the covalent structure and ¥i,p(1,2) =
= &y(1) ®(2) for the ionic structure, resp.,
(®111, Py -normalized electronic wave functions
of the III- and the V-atom, resp., in the crystal.).
Integrating (1) over variables of one electron
we see that a valence electron spends +(17w) of
its time in the wave function of the III-atom and
the V-atom, resp. (These sharing times can be

used for lending weight to atomic relativistic ef-
fects of constituents to predict the same effects
of the compounds [1].) This means, the net num-
ber of valence electrons is 8(1Fw)/2 at the III-
atomic site and the V-atomic site, resp., in the
crystal. For w = 1/4 the atoms posses their
natural number of valence e1ectrons the bond is
neutral (configuration Am BY v)-

Introducing different opt1cal dielectric con-
stants € and ey for the Ill-atoms and V-atoms,
resp., in the crystal (2], one can deduce "macro—
scopic” charges erq/v 8(1¥w)/2 € 1y from the

"microscopic" net charges mentioned above.
Their difference produces the effective charge ez
defined by Callen [3], which splits the longitudinal
and transverse optical frequencies.

= (e} - efmD) - 1/2 (2)

The sum of the "macroscopic" charges per bond
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