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Abstract: This paper is concerned with the asymptotic behavior of the solution u.
of a p-Ginzburg-Landau system with the radial initial-boundary data. The author
proves that the zeros of u. in the parabolic domain Bi(0) x (0, T'] locate near the
axial line {0} x (0, 7. In particular, all the zeros converge to this axial line when the
parameter € goes to zero.
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1 Introduction

Let n > 3 and B = {z € R"; |z| < 1}. Write By = B x (0, T], where T € (0, 00). We are
concerned with the asymptotic behavior of the weak solution u. of the following problem:

1
uy = div(|VuP~?Vu) + E—pu(l — |ul?), (z,t) € Br, (1.1)
u(zx, t)op = x, t>0, (1.2)
u(z, 0) = %, x € B, (1.3)
T

when € — 0. Recall that a weak solution of (1.1) is a measurable function u : By — R”,
such that

esssup [[u( -, t)H%Q(B) + Hvullip(BT) < 00,

te(0,T)
and for any ¢ € C§°(Br),
1
ugpdrdt = / |Vu|P~2VuVedrdt — 7/ ud(1 — |ul?)dadt. (1.4)
Br Br e? /By
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£|dx =0, then
||

Moreover, if a function u is a weak solution of (1.1), and lim+ / lu(z, t) —
t—0 B

u solves (1.1)—(1.3) in weak sense.

In the case of p = n = 2, the problem can be used to described the properties of vortices
in the study of the phase transition, such as the theories of superconductor, superfluids and
XY-magnetism (see [1] and the references therein).

When max < 2, n < p < n, the author proves that the zeros of u. in the parabolic
domain By (0) x (0, T] locate near the axial line {0} x (0, T]. In addition, the author also
consider the Holder convergence of the solution when the parameter e tends to zero (see [2]).
Indeed, the restriction max {2, g} < p < n is not essential. It comes from the technique
deficiency in the proof of Proposition 2.3 in [2]. We expect those results in [2] are still true
in the wider extent for the value of p.

We shall prove the following theorems:

Theorem 1.1  Assume 1 < p < n, and let u. be the weak solution of (1.1)-(1.3). Then
for any o > 0, there exists a constant h (independent of €) such that

1
{0 0eB x0Tt 0l < 3} c 0,

where

2= (B(0, he) x [0, T)) U (B(0, 0) x [0, 0]),  pe (2 n);

2= (B(0, he) x [0, T]) U (B x [0, a]), p=norpéec(l,2).
Remark 1.1  Theorem 1.1 implies that all the zeros of u. are located near {0} x [0, T
when € — 0 and o is sufficiently small. Namely, there does not exist any zero in the domain
far away from {0} x [0, T'] since

lue(z, )] > (z,t) € 2. (1.5)

N)M—l

Theorem 1.2  Under the same assumption of Theorem 1.1, for any o > 0, there exists a

C > 0 such that )

sup [ (x,7) dxdT—!—EE(uE(x,t),B)] <C, p € (1,n); (1.6)
te(o,T)
2
sup [ (z,7)| dzdr + E.(us(z,t), B\ B(0, a))} <C, p=mn, (1.7
te o‘T]
where

1 1
E.(u,B) = - P — [ (1= |ul*)?
(u, B) p/B\vu\ dot g [ (0= e

By the same argument in [2], from (1.5)—(1.7) we can also derive the Holder convergence
of Vu, when 2 < p < n. Moreover, we also have the following convergence result:

Theorem 1.3  Assume that max {1,
(1.1)—(1.3). We have

—— > < p < n, and ue is the weak solution of
n 4+ 2

lim Vu, = Vi
e—0 |ZC‘

in C’loC ([B\ {0}] x (0, T], R™) for some a € (0, 1).



