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SUPERCONDUCTING VORTEX IN 
CONDENSED MATTER PHYSICSCONDENSED MATTER PHYSICS
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* Ginzburg-Landau (GL) parameter  

Type I Type II
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M• Meissner
• Normal 

• Meissner
• Vortex• Normal • Vortex
• Normal
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3



M- Magnetization
H- External Magnetic Field
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* Supercurrent velocity from GL theory Supercurrent velocity from GL theory

* Coherence length     and penetration length     near Tc

* M i  fi ld d i  l h * Magnetic field and penetration length 

* Condensate and coherence length Condensate and coherence length
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* Two component Ginzburg Landau (TCGL)
PRB, 69, 054508 (2004)

* Two component Ginzburg-Landau (TCGL)

Josephson 
interband coupling
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* Two component Ginzburg Landau (TCGL)
PRB, 69, 054508 (2004)

* Two component Ginzburg-Landau (TCGL)

Josephson 
interband coupling
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Note: one single vortex solution!



HOLOGRAPHIC  STUDYHOLOGRAPHIC  STUDY
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* A  f h  b d d* Action of the two-band superconductor

** 4d AdS-Schwarzchild black hole

8



* A  f h  b d d* Action of the two-band superconductor

*

Disregard this term later

* 4d AdS-Schwarzchild black hole
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* A f   * Ansatz for vortex 

* Equation of Motions
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* A f   * Ansatz for vortex 

* Equation of Motions
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* B d  diti  (B C )    0 * Boundary condition (B.C.) near z ~ 0 

** B.C. near horizon 

At=0  regular b c  for other fieldsAt=0, regular b.c. for other fields

* Numerical parameters:p
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Holographic SuperfluidVortex

* B.C. at vortex core ρ=0

…               …     

* B.C. at z=0
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* Dirichlet B.C. at z=0

* B.C. at vortex border ρ=R

Angular velocity

Homogenerous b.c. for At and φi

12



13



14



F  E

* O h ll ti

Free Energy

* On-shell action

* Counter term Counter term
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F  E

* O h ll ti

Free Energy

* On-shell action

* Counter term Counter term
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* Regularized free energy
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* Critical angular velocity B* Critical angular velocity Bc1

* For n=1
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* Superfluid density and current
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* Superfluid density and current
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* Coherence length vs. T
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* Dependence on Josephson coupling
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* Dependence on Josephson coupling
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Holographic Superconductor Vortex

*  C   0* Neumann B.C. at z=0
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Holographic Superconductor Vortex

*  C   0* Neumann B.C. at z=0
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* Magnetic field B
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* Magnetic field B
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* Magnetic field B

Type II
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* Coherence length vs. T
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* Penetration length vs. T
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SUMMARIES & OUTLOOK
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Summaries
• Studied the angular velocity response of 

superfluid vortex;superfluid vortex;
• The magnetic response of sueprconductor

vortex;
• Effects of Josephon coupling and temperature J p p g p

on vortex;
B  l l ti  th  h  l th d • By calculating the coherence length and 
penetration length, we get the type II 
superconductor vortex. 
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Outlook

T  1 5

Outlook

Type 1.5

• Meissner• Meissner
• Semi-

M iMeissner
• Vortex
• Normal

H

28



Outlook

T  1 5

Outlook

Type 1.5

• Meissner• Meissner
• Semi-

M iMeissner
• Vortex

(t  I)• Normal (type I)
(type II)

H
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Vortex clusters
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Features of type 1 5
Long-range attractive  short-range 

Features of type 1.5
Long-range attractive , short-range 

repulsive

Semi-Meissner: mixtures of Meissner
and vortex and vortex 

Non-axialsymmetric vortex

V t  l tVortex clusters
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• The effects of ηThe effects of η
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Thank you!y

32


