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Comment on ‘‘Quantum diffusion of 3He impurities in solid 4He’’

Dimitar I. Pushkarov*
Institute of Solid State Physics, Bulgarian Academy of Sciences, Sofia 1784, Bulgaria

~Received 3 December 1998; revised manuscript received 30 March 1999!

In this Comment I show that the experimental data on quantum diffusion of3He impurities in solid4He can
be explained using the adopted quasiparticle theory. The contention by E. G. Kisvarsanyi and N. S. Sullivan in
Phys. Rev. B48, 16577 ~1993! as well as in their Reply@Phys. Rev. B55, 3989 ~1997!# to Grigor’ev’s
Comment@Phys. Rev. B55, 3987~1997!# that ‘‘Pushkarov’s theory of phonon scattering fails to fit the data by
very large factors’’ may result from an arithmetical error. This means that the phonon-impurity scattering
mechanism of diffusion is consistent with experiment, and its neglect by Kisvarsanyi and Sullivan makes their
results questionable.
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The temperature dependence of the impurity diffusion
efficient in solid helium can be determined by two types
thermal excitations—phonons and vacancies. Both of th
have been considered in a number of works~see, e.g., Refs
1 and 2!. For low concentrations and temperaturesT<1 K
the theory based on the impurity-phonon scattering has b
confirmed by experiment~cf., e.g., Refs. 1, 3, and 4 and th
references therein! and used for determination of quasipar
cle characteristics. The quantitative agreement was obta
in Ref. 5 ~cf. also Refs. 6 and 7!, and since that time the
theory has not been subjected to major changes.

Kisvarsanyi and Sullivan~KS! argue in their work8 and in
their Reply9 to Grigor’ev’s Comment10 that they have pro-
posed ‘‘a new theoretical treatment of the temperature
pendence of the diffusion of isotopic impurities in sol
4He’’ as well as that my theory of phonon scattering ‘‘fai
to fit the data by very large factors.’’ The latter assertion
very important because it concerns the generally acce
self-consistent approach to the diffusion in quantum crys
~see, e.g., Refs. 11, 12, 5–7, 13–16, 1, 3, and 4!. It has been
used as the only argument to neglect fully the phon
impurity scattering mechanism, and turn back to the vaca
controlled impurity diffusion.

KS have evaluated in Ref. 8 the factorA in the tempera-
ture dependence of the diffusion coefficientD5AT29. They
have foundA ‘‘to be in the rangeA;102421025’’ while
my theoretical prediction5–7,12–14 is A;1027 cm2 s21 K29

and the experimental values areA'1027 ~Ref. 1! or A
'2.431027 ~Ref. 4!. They concluded that ‘‘the phono
scattering is too weak by a factor of at least 100 to expl
the observed diffusion’’~Ref. 8, p. 16 579!. KS have used in
their calculation Eqs.~15! and ~16! given below as Eqs.~1!
and ~2!, respectively:

D5
1

3
za2J2t'4.3310215J2t, ~1!
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~6p2!2/3s2G21S QD

T D 9

vD
21'0.79310217QD

8 T29,

~2!

whereQD is the Debye temperature,vD5kQD /\, a53.27
31028 cm is the interatomic distance,J is the tunneling
frequency, ands51/3. Hence,

A53.4310232J2QD
8 . ~3!

Although these expressions do not exactly coincide w
those used in my works, they should give a correct orde
magnitude for the diffusion coefficient and, in particular, t
order of A. KS have obtained forQD530 K and J
52.5 MHz the valueA56.031025 cm2 s21 T,9 while the
right value@obtained by substituting the same numbers in
Eq. ~3!# is A51.431027. The issue is not that the abov
expressions are the most fundamental or give the best v
of A, but rather that they yieldA values consistent with ex
periment. The value obtained by KS and leading to the
jection of the phonon scattering mechanism~cf., Ref. 8, p.
16 579! may come, therefore, from an arithmetical error.

In fact,QD530 K is the upper limit and corresponds to
molar volumeVm519.8 cm3 while the experimental value
cited above are forVm521 cm3 with QD526 K.17 This
yields A50.4431027. An ambiguity appears with the nota
tion J52.5 MHz ~p. 16 579! and J34/2p52.33105 s21

50.23 MHz~p. 16 580! used for one and the same quantit
I suppose thatJ is given in rad/s. Otherwise, it should hav
been written in the formJ/2p52.5 MHz ~as for J34) and
would be more than 10 times larger thanJ34 leading toJ
52p32.53106\/kB51.231024 K and to an energy band
width D52zJ'331023 K in a drastic disagreement with
all known experiments. On the other hand, the valueJ34
'1.1031025 K is typical of the exchange integral of3He
atoms in solid4He and its substitution into Eq.~3! gives the
15 474 ©2000 The American Physical Society
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correct order of magnitude forA. Finally, even if the unreal-
istic valueJ52p32.5'15.7 MHz were used in Eq.~3! the
result forA differs from that of KS by more than an order o
magnitude.

It is clearly seen, therefore, that expressions~1! and ~2!
~not necessarily the best ones! are in agreement with the
experimental data. This can be easily verified by substitu
J andQD . Therefore, the argument that ‘‘the diffusion co
stant calculated for this theory fails to fit the experimen
data by a factor of 100’’~Ref. 9! fails. There are no experi
mental data to require any drastic change in Eqs.~1! and~2!.

It is not accurate to cite my paper5 in Ref. 8 as if it were
in support to the values ofA ‘‘in the range 102421025.’’
The corresponding value isA5231027 as follows from
Eqs.~1! and~10! in Ref. 5. It is worth noting in addition tha
p

,

.

g

the idea of vacancy controlled mechanism could not
callednewbecause it was considered about 20 years ago~cf.,
e.g., Ref. 2! and was found not satisfactory~cf., e.g., Ref. 1!
to explain the temperature dependence of the diffusion c
ficient.

As a consequence, the good fit of the vacancy mechan
reported by KS after neglecting the phonon-impurity scatt
ing is doubtful. There are also other circumstances wh
call the impurity diffusion description by KS~Ref. 8 into,
question, some of them being listed in Ref. 10~see also Ref.
16!. They will be considered elsewhere.

I am not concerned with the problem of impurity diffu
sion in solid hydrogen as it is not relevant to the immedi
discussion. If the theory of KS does not work well for h
lium, it obviously cannot be a ‘‘universal theory’’ for both
quantum solids, as claimed in Ref. 9.
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