
Numerical Simulation of Real i s t ic  H i g h - T e m p e r a t u r e  Superconductors 

Parallel computers provide the fine resolution needed to study vortex dynamics. 
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Figure 1: Results of numerical simulations of vortex dynamics in a superconducting sample. Here 
the vortex lattice is at steady state. The fault lines, which separate the regions of approximately 
constant vortex density, are clearly visible. 

One of the main obstacles in the development of practical high-temperature superconducting 
(HTS) materials is dissipation, caused by the motion of magnetic flux quanta called vortices. Nu- 
merical simulations provide a promising new approach for studying these vortices. By exploiting 
the extraordinary memory and speed of massively parallel computers, researchers can obtain the ex- 
tremely fine temporal and spatial resolution needed to model complex vortex behavior. The results 
may help identify new mechanisms to increase the current-capability capabilities and to predict the 
performance characteristics of TITS materials intended for industrial applications. 

In a simulation, a superconducting perfect crystal is modeled as a rectangular prism. The crystal 
is placed in a magnetic field, which is parallel to the prism asis (into the plane of the figure), and 
subject to a transport current. The resulting Lorentz force pulls the vortices to the right in the 
plane of the figure. T h e  computational model has approsimately 600,000 degrees of freedom. The 
average number of vortices in the system, which measures 32 x 48 penetration depths, is 657. 

The simulations are based on t.he time-dependent Ginzburg-Landau equations of superconduc- 
tivity. The programs use a distributed-programming moclel, the BlockConim library for the domain 
decomposition (developed a t  Argonne Nstioiial Laboratory), and interprocessor communication. 
The  Chameleon library (also developed at Argonne) is used for message passing and E/O. 

The results of numerical si~nulat.ioii of vortex dynamics i n  a superconducting sample show that, 
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in the presence of a strong magnetic field, the vortex lattice maintains a iemjsuperstructure,i/emi 
where regions of slowly varying vortex density are separated by stationary fault lines. These fault 
lines provide a mechanism to accommodate the density gradient across the sample. While the 
vortices diffuse across the crystal, the fault lines remain roughly stationary. 

The simulations also reveal other features of the vortex lattice. For example, it was found that 
the vortex lattice may have misoriented grains that gradually “heal” when the sample is subject 
to a weak current. Also, the orientation of the vortex lattice-predominantly horizontal in the 
figure-depends on the strength of the transport current. 

These observations help in the interpretation of experimentally observed phenomena and point 
the way to  possibly new mechanisms to  increase the current-carrying capabilities of HTSC materials. 

This work was  done b y  Hans G. Kaper and Gary  I<. Leaf of the Mathematics and Computer Sci- 
ence Division at Argonne. The research is coordinated closely with scientists in Argonne’s Materials 
Science Division (George W, Crabtree, Alexei E. Koshelev, Valerii M .  Vinokur), t o  ensure that the 
results are relevani and useful. 

This contribution was composed by Gail Pieper. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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