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ABSTRACT. -

Using an approximated form of the time dependent Landau Gin-
burg equation we find that in a two dimensional system quasi persistent cur
rent are present, their mean life being exponentially large.

It is well known that rigorous theorems(l) state that in a two di
mensional system the onset of very large fluctuations prevents the apparean
ce of a second order phase transition caracterized by long range order, The
se theorems imply that really persistent currents cannot be present in atwo
dimensional superconductor; however persistent currents have been observed
in a two dimensional clean Al films: their mean life was greater than tenhours:
and compatible with infinity(z).

In order to understand how no contradictionsaris seamongthe expe
rimental and the theoretical results, we study the approach to equilibrium u-
sing a time dependent Landau Ginsburg equatlon(3), where we take care of the
effect of fluctuation in some approximated Way(4 5). In this model we found
as expected that in the infinite time limit the mean value of the order parame
ter <¥> is zero; however, if at some time long range order is present, <y>de
cays with a mean life which is exponentially increasing with decreasing the
temperature,.

For typical films used in (3) the theoretical mean life increases
of a factor ~10 each milliKelvin,

We start from the following form of the time dependent Landau
Ginsburg for the order parameter:
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The function f(x:t) is a random force with stoxhastic autocorrelation, eq.(1)
has the form of a Langevin equation.

The quantity <I'w(t) > can be written as

(2) <|w|2>=2—1—“5d2p<}(p,t)
2 <L
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where G(p,t) is the Fourier transform of the order parameter correlation

function G(x,t) = <% (x,t), ¥ (0,t)> and Q is an ultraviolect cutoff, having
the dimension of a length.

Using stardards methods(3) one finds that, if the mean value of
the order parameter is different from zero in the infinite time limit, inthe
same limit a l/p2 singularity must be present in the propagator; the inte-
gral in (2) is not convergent: an asymptotically different from zero mean va
lue of the order parameter is thus not consistent,

If we suppose that at the initial time the mean value of the order
parameter is different from zero and we study the time evolution of the sy-
stem, we find that at very large time the correlation function has the form:
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Substituting in (2) one obtains:
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This quantity is really divergent for t= oo but may be relatively small also
after times that are very large on the human scale. The time evolution of
the order parameter terns out to be approximately
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the mean life being equal to
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The conclusions are that the system has a simple Landau Gins-
burg behaviour for finite time;. the only effect of the fluctuations being a shift
in the transition te:mperature(G).

Although more theoretical and experimental work should be done
to understand in all the details the behaviour of a system whose relaxation ti
me may go to infinity, we believe that we have identified a possible mecha-
nism which account for persistent currents in superconducting thin films:
all "no-go'' theorems are based on a mild logarithmical divergence of an in
tegral and this is a mathematical and not a physical infinity. Rigorous theo-
rems can be applied only in exact equilibrium situations and they are of no
practical interest if the relaxation time may go to infinity,

Many thanks are due to Dr. L. Peliti for illuminating discussion,
The authors is also grateful to Prof. M. Cerdonio for his stimulating encou-
ragement to perform this work,
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