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Melting of the moving vortex lattice in the presence of disorder 
A.E.Koshelev " and V.M.Vinokur 
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We investigate the melting of the two-dimensional vortex lattice moving in an inhomogeneous environment 
under the applied current j . We predict the existence of a dynamic phase transition at some current j — j t 

(crystallization current) from the motion of the amorphous configuration at j < j t to the motion of the crystal 
at j > jf jt exceeds essentially the critical current j c for strongly disordered systems and approaches j c with the 
decrease of the degree of disorder. We find that j t diverges as temperature approaches the melting temperature 
of the undisturbed lattice. 

1. Introduction 

The static and dynamic properties of the vor
tex state are strongly affected by the presence 
of disorder. Quenched disorder breaks down the 
crystalline order of the vortex lattice [1] and can 
convert the melting transition expected for vortex 
configuration in clean samples into a crossover be
tween the liquid and amorphous states. The main 
effect of disorder on the vortex motion is onset 
of the critical current j c separating the pinned 
state at small driving currents, j < j c , from the 
steady vortex motion at j > j c . In this paper 
we predict new dynamic phenomenon: the dy
namic phase transition between the coherent (at 
high currents) and incoherent (at small currents) 
regimes of vortex motion. 

The effect of disorder on the vortex motion is 
usually described in terms of the averaged pin
ning force equivalent to an additional (nonlinear) 
friction. Here we address the effect of the fluc
tuating component of the pinning force on the 
melting transition of moving lattice. At large ve
locities the pinning force can be described as the 
additional stochastic force Fp(r,t) and character
ized by the effective "shaking" temperature T,h-
At T < Tm the vortex lattice experiences a dy
namic phase transition at a certain current jt(T) 
from the motion of a vortex crystal at j > j t to 
the motion of an amorphous vortex configuration 
a * j < jt • The transition (crystallization) current 
jt diverges near T m . 

The transition between different regimes of vor-
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tex motion was observed experimentally as a 
jump-like transition in Ref. [2] and as a contin
uous transition in Ref. [3]. 

2. Analitical es t imates 

We consider the 2D system of vortices subject 
to a disorder potential U(r) generated by the ran
domly distributed pinning centers, 
(U(r)U(r')) = 7 t / / ( r - r ' ) , wi th fdr / ( r ) = 1. We 
assume / ( r ) = exp(—r 2/2r^)/(2jrr^). Consider 
the regime of fast motion of the vorices under the 
action of an external force Ftxt — (B/c)j much 
larger than the critical force Fe. To investigate 
the fluctuations of the vortex motion in the dis
ordered media we find the correlation function 
Naa'(r,i) = {Fpa(0,0)Fpa>(r,t)) of the random 
forces F p = — n(r,t)\7U(r — vt), acting on the 
moving vortex liquid within the first order per
turbation theory: 

N a a . (r ,*) = nv7u6(r)VaVa,f(vt). (1) 

Here n(r,t) is the vortex density, n„ = (n(r,f)), 
v = Fext/T) is the lattice velocity, and 77 is the 
viscosity friction coefficient. KQ Q/ resembles the 
correlation function for the Langevin force up to 
anisotropy with respect to indices a and a'. This 
does not influence much on the response of the 
vortex system and the displacements produced by 
F p are similar to thermal ones. Therefore, it is 
natural to define the effective "shaking" temper
ature characterising the amplitude of F P : 

4v/2;r Fcxtr$ 
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The effective temperature of the vortex system 
is then Tejj = T + T,h. The estimate for the 
"crystallization" force, Ft, can be obtained from 
the condition Te}j(Fexi = Ft) - Tm> where T m 

is the melting temperature of the vortex lattice. 
This gives: 

This estimate is valid when Ft > Fe. For T = 0. 
this corresponds to the case of strong disorder 
w lTv > ^m- In the case of weak disorder the 
dynamic transition at T — 0 occurs slightly above 
F c . However in the vicinity of Tm the force Fe 

drops due to the thermal smearing of the random 
potential while the force Ft diverges. 

3 . Numer ica l s imulat ions 

To verify the above predictions we performed 
simulations of the motion of point vortices by nu
merical solution of the Langevin equations for. the 
vortex coordinates R,-: 
dRf 
dt = f?~v - W ( R i ) + fr.-(0 + test- (4) 

Here f"-" is the force acting on f-th vortex from 
the other vortices, U(r) is the random poten
tial, fext is the external force, and fr«(0 is the 
Langevin force. The quantity s$jj/(47rA)2 and 
the lattice spacing ao of the ideal lattice are 
taken as units of energy and length. Simula
tions have been performed for two sets of param
eters corresponding to a "dirty" system with in
dividual pinning {y/lul^rmrp) sv 2.9) and to a 
cleaner system at the "plastic-elastic" crossover 
(y/W/(TmrP) « 2.0). 

We solved the equations (4) at different values 
of the iext and T. At each choice of fext and T 
we calculated the concentration of lattice defects 
using the triangulation procedure [4]. We started 
from high forces where the disorder in the lattice 
is small. At any temperature below T m there is a 
well denned force ft(T) at which the concentra
tion of defects sharply increases. The numerically 
obtained phase diagram "temperature-force" is 
shown in Fig. 1. We found /«(0)// c(0) ta 2.4 and 
« 1.5 for the "dirty" and "clean" system corre
spondingly. At low temperatures the transition is 

accompanied by the increase of the dynamic fric
tion force. This effect is more pronounced for the 
"clean" system and is strongly suppressed by the 
thermal fluctuations. 
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Figure 1. The phase diagram for the "dirty" sys
tem. The line ft(T) corresponds to the dynamic 
phase transition. fc(T) is the critical current cor
responding to the crossover between flux flow and 
thermally assisted creep. 
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