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SUPERCONDUCTING VORTEX IN
CONDENSED MATTER PHYSICS
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* Supercurrent velocity from GL theory
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* Condensate and coherence length
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*Two component Ginzburg-Landau (TCGL)
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*Two component Ginzburg-Landau (TCGL)
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HOLOGRAPHIC STUDY



* Action of the two-band superconductor
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S = 5.2 /=g [E’+——1F — |01 — iqAY|* — |Oe — iqAipe|* — V(1P1,109)].
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€ 1s the mtercomponent Josephson coupling

1) 1s a density-density coupling

* 4d AdS-Schwarzchild black hole

2 1 9 (132 9 9 .9 - 3

z — 0 is the infinite boundary



* Action of the two-band superconductor

1 6 1 _ ; _
5 dtz/—g[R + — — IF 2|0 — iqAU|? — |Oe — iqAia|* — V (1, ¥9)].
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€ 1s the intercomponent Josephson coupling

7 18 a density-density coupling Disregard this term later

* 4d AdS-Schwarzchild black hole
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* Ansatz for vortex
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P = preh, o = pae

p1(p.2). pa(p, ). Ailp,2), Ap(p.2). 01 = n1d, b2 = nad

* Equation of Motions
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* Ansatz for vortex

U1 = pie
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* Equation of Motions
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* Boundary condition (B.C.) near z ~ 0

:1(_) (p. 2z )

-0 = ag(p) + Jy(p)z.

* B.C. near horizon

* Numerical parameters:

qg=L=1 -m% = —2. -m% = —5/4

Ay = 2,¢A2 =5/2



Holographic Superfluid Vortex

* B.C. at vortex core p=0
Plps0=0. 0,A¢ =0 =0. Aglp=0=0, forn#0
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* B.C.at z=0



* Dirichlet B.C. at z=0
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Apl=0 = ay(p) = 5023

* B.C. at vortex border p=R
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For small €
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For ¢ > 0.1
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Free Energy

* On-shell action
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Free Energy

* On-shell action
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* Counter term
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* Regularized free energy

F = =TSy =T (Sos + Set)
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* Critical angular velocity B,

—6H1R.5
—619.0
- ¥
—F ;' .‘,l
)
2
6195 g e “
) *e "
.-I—H_., Pl ad ':..,l
'-..‘..
-
=™
-
-5 .-.".
620.0 - -
0.00 .05 0.10

* For n=1

AF = F(pi #0) — F(

s ]

kr"./

0.15

;= 0)



&t
—AF -2
F
-3t
—d =
0.0
-0.5 |
~1.0
o -1.5
—AF
g -2
-25
-3.0

B =0.03< B,

B:U']. }Bﬂl



* 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

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

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

B = be P/
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* Magnetic field B
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* Magnetic field B
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* Coherence length vs. T
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* Penetration length vs. T

T T T T T T T T T T T
g
6
A Al
7|
B .
F O s 8°7°
Cl ] ] |
0.5 0.6 0.7
T[T,



SUMMARIES & OUTLOOK



Summaries

Studied the angular velocity response of
superfluid vortex;

The magnetic response of sueprconductor
vortex;

Effects of Josephon coupling and temperature
on vortex;

By calculating the coherence length and
penetration length, we get the type |l
superconductor vortex.
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 Meissner
e Semi-

Meissner
e Vortex

e Normal

Outlook
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Outlook

|84 Selected for a Viewpoint in Physics weck ending
PRL 102, 117001 (2009) PHYSICAL REVIEW LETTERS 20 MARCH 2000

&4

Type-1.5 Superconductivity

Victor Moshchalkov,"* Mariela Mcnghini,] T. Nishio,' Q.H. Chen." A. V. Silhanek." V. H. Dao,"
L.E. Chibotaru,' N. D. Zhigacl]o_2 and J. Karpinski2

°
® M e I S s n e r YINPAC-Institute for Nanoscale Physics and Chemistry, Katholieke Universiteit Leuven,

Celestijnenlaan 200 D, B-3001 Leuven, Belgium
2Lyz.’:orc.t,rm‘yfar Solid State Physics, ETH Ziirich, 8093-Zurich, Switzerland
(Received 22 December 2008; published 16 March 2009)

°
L ;e I I I I - We demonstrate the existence of a novel superconducting state in high quality two-component MgB,
single crystalline superconductors where a unique combination of both type-1 (A, /£, < 1/+/2) and type-2

(A& > l/\/fj superconductor conditions is realized for the two components of the order parameter.

°
M e I S S n e r This condition leads to a vortex-vortex interaction attractive at long distances and repulsive at short dis-
tances, which stabilizes unconventional stripe- and gossamerlike vortex patterns that we have visualized in
this type-1.5 superconductor using Bitter decoration and also reproduced in numerical simulations.

- Normal kx = 0.66 < 1/v/2 (type )
Ko = 3.68 > 1/4/2 (type Il)

ﬁlﬁl/\/i, H
Ko > 1/\/§
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Long-range attractive , short-range
repulsive

Semi-Meissner: mixtures of Meissner
and vortex

Non-axialsymmetric vortex

Vortex clusters
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