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Dynamics of the Vortex-Glass Transition

Golan Bel' and Baruch Rosenstein'*

! Physics Department, Bar-llan University, Ramat-Gan 52900, | srael.
% National Center for Theoretical Sciences and Electrophysics Department,
National Chiao Tung University, Hsinchu 30050, Taiwan, R.O.C.

Abstract. The dynamic of moving vortex matter is considered in the framework of the time dependent Ginzburg - Landau
equation beyond linear response. Both disorder and thermal fluctuations are included using the Martin-Siggia-Rose formalism
within the lowest Landau level approximation. We determine the critical current as function of magnetic field and temperature.
The surface in the J-B-T space defined by the function separates between the dissipative moving vortex matter regime
(qualitatively appearing as either the vortex creep and flux flow) and dissipation less current state in which vortices are pinned
creating an amorphous vortex "glass". Both the thermal depinning and the depinning by a driving force are taken into account.
The static irreversibility line is compared to experiments and is consistent with the one obtained in the replica approach. The
non-Ohmic |-V curve (in the depinned phase) is obtained and resistivity compared with experiments in layered superconductors
and thin films.
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INTRODUCTION AND MODEL disorder is described using the time dependent
Ginzburg - Landau (TDGL) equation [1].

As a result of a delicate interplay between disorder, h27 o

interactions and thermal fluctuations even the static B- S V== Su F+ év > (1)

T phase diagram of HTSC is very complex and is still 2m 4

far from being reliably determined. Once electric y is the inverse diffusion constant and  is a thermal

current J is injected into the sample, it makes the white noise. The free energy is

analysis far more complicated and the phase diagram
should now be drawn in the three dimensional space T- 2 b’

- i 3 ™12 ’ 2 4
B J. Qenerally there are tWO phases, the plnned phgse F = jd X . | Dy |* —a (1 +U ) W +=|w|,
in which the vortices are pinned and thus the resistivity 2m 2
vanish (perfect superconductivity exists), and the ’
unpinned phase in which vortices can move due to 2) ) ) .
Lorentz force and thus a finite resistivity appears. The U represents the disorder, with correlation
surface is determined by the critical current as function <U (x)U ( y)> =0 ( X — y) 52 n, (3)
of magnetic field and temperature. Great efforts have
been made both experimentally and theoretically to
obtain the surface in T-B-J space which separates the R .
two phases [1]. When the critical current vanishes, the D; = % + %d), D=V+ % A, where A and ®
intersection of the surface with the B-T plane gives the i
irreversibility line. are the vector and scalar potentials.

Most of the theoretical works consider the vortices as This' model in the abs§nl§: e of electric f;elq Wgs
elastic lines; this assumption is valid far from the considered by Dorsey, Fisher and Huang [2] in the

upper critical field Hep. An alternative simplification is hom(?geng ous (liquid) phase using the Qynamic
the lowest Landau level (LLL) approximation to the Maﬂ1n-$lggla-Rose approgch [3]- They O,b talneq the
vortex matter near He where many vortices are irreversibility line and claimed that it is inconsistent

presented and due to overlaps between fields of the with experiments in YBCO.

vortices the magnetic field is nearly homogeneous. In this, paper we hstu(bil’the hglass transition lusin% t,he
Dynamics in the presence of thermal fluctuations and dynamic approach within the TDGL model at finite

where n is the dimensionless density of pinning
centers. The covariant derivatives are given by
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electric field. This allows us to obtain the I-V curve
beyond the linear response. The GT line for zero
electric coincide with the one obtained using the
replica method [4]. Comparison of the irreversibility
line and resistivity with experimental results in layered
superconductors and thin films is made.

CRITICAL CURRENT

We solved this model using the LLL and Gaussian
approximations [5]. The following expression for the
critical current as function of temperature and
magnetic field was obtained

2
3, == (n2Gitb/ar)

f U2(4)
{1—t—b+4(r7ztb\/2Gi )" (2—1/r)}

where t=T/T. and b=B/B.,. The disorder and thermal

fluctuations characterized by the parameters:
=172 2 ¥ 22
n(2Gi) ' (1-t) L[ 21242
= 2 e vl I
2z t 7L, Ch
respectively  (Gi is the 2D  Ginzburg
parameter).
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FIGURE 1. [Irreversibility line for BSCCO, the dots

represent data from [6], while the solid curve corresponds to
the theoretical predicted line. The fitting parameters are
given in the text.

In the special case of no electric field an equation for
the irreversibility line is obtained in the form

b=2(artby2Gi) ~(2-1/1)+1-t. (5

This line is in agreement with the line obtained using
the replica method [4].

-V AND RESISTIVITY

The |-V curve is given by

834
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The dimensionless velocity is V = e*yEf3 /(4hb) , and
the

(6)

dimensionless scaled temperature is

ar (v)=- (l—t—b v ) (mb\/g)l/z

In order to check our results we compared the
irreversibility line and resistivity with experimental
results in layered superconductor (BSCCO) [6]. The
parameters we used are: Hg, =195T, T=93K,
Gi =4.4x10™ and n=0.005.

In Fig.1 we show that the theoretical and
experimental results for the irreversibility line are in a
good agreement.
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FIGURE 2. Resistivity as function of the magnetic field is
plotted for different temperatures. The dots correspond to the
experimental results of [6], and the solid lines to the
theoretical prediction. The lines from left to right correspond
to T=60, 50, 40, 30 K.

In Fig.2 we compare the resistivity as function of
the magnetic field for different temperatures with
experimental results of [6] for BSCCO. A non trivial
temperature dependence of the inverse diffusion
constant was used in order to fit the results.
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