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ORDER PARAMETER RELAXATION IN A DILUTE BOSE GAS
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We describe the kinetic theory of o dilute Bose gas below the Bose-Einstein transttion temperature, and caleulate the
guasiparticle scattering time and the relaxation tme of the magnitude of the order parameter. The results are important in
connection with theories of the transition in spin polarized hydrogen,

Since the recent experimental stabilization of
spin polarized hydrogen. attention has focused
on the boson-like nature of such a fluid at low
temperatures and densities [1]. In a large mag-
netic field. say of order 10T, atomic hydrogen
will behave in many ways like 4 spin-1/2 boson,
the two states being the two lowest hyperfine
states. Methods to identify the superfluid state -
which might be found below 70 mK at a density
of 10" atoms/em® - as well as the hydrodynamics.
have been discussed | 1],

In this paper we determine one of the
parameters  of  the hydrodynamic  cquations.
namely the relaxation time of the magnitude of
the order parameter. For simplicity. we study a
system of spinless bosons. and it is realistic to
consider the dilute limit: the small parameter is
the scattering length. «. divided by the average
distance  between  atoms. [ {a 1.7 A for
hvdrogen).

We start in the usual way [2] by writing the
ficld operators Jf U oas i = <q[f}+ ‘,E etc. where
() = is the order parameter. Assuming a point
interaction of strength A, one finds the quasipar-
ticle energy E,, (in the simplest approximation) to
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be given by
E, =N &+ 2%mr. o P ()

na =gl is the number of condensed particles.
and A has to be replaced by dafi“a/m. in a more
sophisticated theory. Since the critical tem-
perature. T, is given 1o a good approximation by
the ideal gas formula. one realizes that the hinear
part of the spectrum s small in the sense that

”_‘it “on ()
ko F. 1
A limitation of the kinetic theory hies in the
requirement that the excitation energy has to be
well defined. which means that a4 has to he
large compared to the scattering rate. Since n, -
0 at T.. we have to exclude in the tollowing a
small region near the critical temperature. found
to be given by T, - T == T (a/l). This also agrees
roughly with the critical region as calculated
from the Ginzburg criterion.

The derivation of the kinetic theory can be
performed n the same way as outlined. for
example. by Aronov and Gurevich [3] in ap-
plication to superconductors. The appearance of



so-called coherence factors which describe the
transformation from particles to quasiparticles is
essential. For example, the total number density
is given by

d&p &
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n = ny +
where g,= £,+ A n, is the distribution func-
tion of quasiparticles which obeys the usual
Boltzmann equation. For the simple case under
consideration:

n, = I{n,}, €]

and I{n,} denotes the collision operator. The
order parameter relaxation time can then be
determined from eqgs. (3) and (4), and we use a
relaxation time approximation for I{n,}. As
could be expected, we find that the order
parameter relaxation time, 7, more precisely:

no(t) ~ exp(—t/7) 3)

is given by the quasiparticle scattering time,
taken for typical momenta. (*‘Typical momenta”
are determined by the weight of the integration
in eq. (3), and the momentum dependence of the
distribution function.) We distinguish two cases:

() /T, =< a/l,and

(I 7/T.=a/l.
In case (I) all scattering processes involve
phonons only, and typical momenta are given by

E,~ kyT. The dominant term, which has already
been calculated [4], is found to be:

A

T a

In the other case, 1I, the important momenta

2115

are determined by E; ~ n¢A, and we estimate the
relaxation time;

_ Ewﬂuzgmz
1I: . (n) (l) (TC)RBTC» (7)

with a numerical factor of order 10 on the right-
hand side of eq. (7).

Eqgs. (6) and (7) are the basic result of our
calculation. Inserting a// ~ 107 and the tem-
perature dependence of ny,. one obtains:

. T 12 T
-8 < tc
10 (—_TC~ T) =5,
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with T.~ 70 mK for the mentioned density. We
want to remark that the calculation presented is
in close analogy with similar calculations for
superconductors [5].

W02T,=T=<T.;
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