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GL model & Motivation Modeling of pinning Random spherical inclusions
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e T. modulation: Inclusions and pinning 0.0015

Total current: J=J .+, Inclusions and defects are modeled by T. modulation = corresponding to normal : s : B=0.05 Bcz

metallic pinning centers: spatial variation of ¢(r) [positive in the superconductor, 0.0010
negative in the defect] i
e arbitrary geometry 0.0005 |

OSCon: Robust optimization of pinning & geometry for high * onaregular grid

critical currents and resulting energy applications Example: regular 2D hole array with modulation 000 e . . . -
Critical current determined by long-time evolution of TDGL (to of the linear coefficient &(r), where T>T_ in the 770.000 0.005 0.010 0.015 0.020 0.025 0.030
stationary flow) “holes” ife . w = aaTer e Current
Dominated by rare events of vortex depinning, avalanches, nucleation {000 O 8 SO0 S I8 8 R 0 X 8 1
and splitting & reconnection
Frequency and duration of pinning/depinning depends on
configurations of inclusions
Suitable pinning configurations must be determined using geometry
optimization

Current-voltage characteristics for different inclusion concentrations (inclusions
are randomly distributed in the simulation volume: the critical current is
determined by a fraction of the corresponding free flux flow voltage

Instead of the concentration, the volume fraction and inclusion diameter are the
two parameters characterizing the random spherical pinning landscape.

Parallel fields Competing defects

" I g\ 14CeVleadions
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» Source for instabilities: impurities NN ¥ \ SRR \\, field and increase it at other directions.
or thermal fluctuations : N . <o NN : L \ N N * The alignment of the dominant inclusions define
» Dense vortex lines help to “re- N Q N ) \ N AN peaks. In case of nanorods the peak of J (a) is
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steps for 100 field values | = Vortex configuration with Nanorods & Irradiated In the former case it is obvious that the pinning is best
SR LR V000001 Visualization using location _ gt nanorods columnar defects as the defects a longest parallel to the vortices. On
of inclusions and vortex E ‘i the other hand, continuous cylindrical inclusions allow
vortices to move creating “rails” across the system.

Sample is discretized using a regular mesh of 512x128x32 grid points with mesh
size of £,/2 > realistic thickness

Sample is periodic in x-direction

Inclusions are modeled by a different low-T_. component

0-100 spherical inclusions with diameter 5¢, are randomly placed in the volume
— average over different disorder realizations

A fixed constant current is applied in x-direction as well as a variable magnetic

detection results (see . — | Two new extensions to the main simulations code required:
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