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Outline

Motivation

Superconductivity and the XY model

Models
1. XY model with Coulomb repulsion
2. XY model with either nearest neighbor or second

nearest neighbor repulsion

Method of calculation

Results

XY model and resistor networks (veri�cation of results
at low T)

Summary
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Moti vation

Inhomogeneities in the cuprates

Charge stripes (Emery et al., Proc. Natl. Acad. Sci.
Vol. 96, 1999.)

Granularity (Lang et al., Nature Vol. 415, 2002.)

XY-models have been used to study

Superconducting and super�uid �lms

Granular superconductors and Josephson junction
arrays, quenched disorder

Cuprate superconductors
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Superconductivity and the XY model

Ginzburg-Landau theory: The system is described by
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represents the local density of superconducting
electrons

Ginzburg-Landau free energy density:
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Discretizing space, and neglecting variations of
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XY modelwith sitedilution

Some regions are rich in
superconducting electrons, some are
poor

Rich regions are charged, poor
regions are neutral
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We want to know:

1. How does charge rearrange, if allowed to move

2. What is the effect on the helicity modulus (super�uid density)
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Low temperaturechargepatterns
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Low temperaturechargepatterns
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(1) How doeschargerearrange?

Answer: If

VXW

Y[Z

Z

"

, blobs, stripes or checkerboards form,
depending on the strength of the repulsion, and the charge
concentration.

Now to question
(2): What is the effect on the helicity modulus (super�uid
density)?
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Quantities of interestand method

Use a simpler Hamiltonian that yields similar charge patterns:
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Calculate thermal averages <> in the canonical ensemble
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Use Monte Carlo to perform integrals
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1stnn repulsion,p=0.8

Weak

T=0.3 T=0.025

T=1.2 T=0.6
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1stnn repulsion,p=0.5

Weak

T=0.35 T=0.075

T=1.2 T=0.55

Strong

T=0.3 T=0.025
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2nd nn repulsion,p=0.8

Weak

T=0.3 T=0.025

T=1.2 T=0.5

Strong

T=0.3 T=0.025
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2nd nn repulsion,p=0.5

Weak

T=0.25 T=0.05

T=1.2 T=0.45

Strong

T=0.55 T=0.25
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Helicity mod. and conductance
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Helicity mod. and conductance
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0.8 0.0 0.1 0.59 0.60 0.66 0.67

0.8 0.0 1.0 -0.01 0.00 0.79 0.76

0.8 0.1 0.0 0.63 0.62 0.64 0.66

0.8 1.0 0.0 0.36 0.41 0.36 0.34

0.5 0.0 0.1 -0.04 0.00 0.50 0.48

0.5 0.0 1.0 0.49 0.48 0.00 0.00

0.5 0.1 0.0 0.50 0.48 0.00 0.00

0.5 1.0 0.0 0.00 0.00 0.00 0.00
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Summary

Long-range repulsion on an XY model produce a
variety of patterns: blobs, stripes, and checkerboards.

Effect on the helicity modulus:
Phase separation ¥ enhancement
Checkerboard patterns ¥ suppression
Striped patterns ¥ enhancement in the component
parallel to the stripe and suppression in the
component perpendicular to it.

Veri�ed relationship between low-T helicity modulus
and conductance.

– p.16/16


	Outline
	Motivation

