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Abstract A single static vortex in a holographic two-band
superconductor is constructed. We investigate the effect
of the interband coupling to the condensate profile. We
estimate the first critical magnetic field, and compute char-
acteristic lengths like penetration and coherence lengths and
conclude both bands in our superconductor behave type II.
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1 Introduction

The holography which is best known in the context of
AdS/CFT correspondence [1-3] states a gravity theory in
a d 4+ 1 dimensional AdS space has a dual description of
field theory living at its d dimensional boundary. It has been
shown as a powerful tool to study various strongly cou-
pled systems. For example, in recent years, it was applied to
strongly correlated condensed matter systems like high T,
superconductor [4, 5], non-Fermi liquid [6-8], Lifshitz fixed
point [9-11] or unitary fermi gas [12], etc. A gravity dual of
a single-band superconductor has been constructed by intro-
ducing a charged scalar in a AdS black hole background.
The charged scalar undergoes an instability below certain
critical temperature and form the superconducting conden-
sate. In this note, we generalize the single-band super-
conductor to a two-band case by introducing two charged
scalars with a interband Josephson coupling in a AdS space.
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We apply a constant external magnetic field and construct a
static single vortex solution in this two band superconduc-
tor. We also compute the superfluid density, penetration and
coherence lengths, and estimate the critical magnetic field.

2 The Model

Consider a two-component Ginzburg-Landau theory in
AdS-Schwarzchild black hole as a holographic model of
two-band superconductor [13]
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where V(¥1,¥2) = milynl> + m3lyol* + e(@nys +
YY) +nl¥11?¥2]?, in which € is the interband Josephson
coupling, and 7 is a density-density coupling. To solve this
model, we impose the boundary conditions, near the bound-
ary z — 0, the asymptotic behaviors of fields are given
by!
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where A; satisfies A;(A; — 3) =
dimensions of the dual operator O;. Here, gol.

m are related to the

) is interpreted

The expansions of ¢; are only valid with small € and 7, i.e., €, n K
m[.z, since the terms with € and 7 have the same scaling 1/z% as those

with miz.
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as the source while (pi(z) as the condensate of the dual oper-
ator O;; u is called as the chemical potential and ¢ as the
charge density; ag and Jy4 can be interpreted as velocity and
current on the dual field theory. On the boundary z — 0, we
can impose the source-free conditions for charged scalars at
a fixed chemical potential p. Like in [14], we impose that
ag(p) = % 0B where B is the external magnetic field per-
pendicular to the boundary. We can also define the magnetic
field B, = 2n/R? where R is the maximum radius of the
vortex, in which B, is the magnetic field which penetrates
through the vortex. The boundary condition of Ay at p = R
is

1 2
A¢|p:R=§BR 2

3 Numerical Results

In the numerics, we set m% = -2, m% =-5/4,qg=L=1,
ny = ny = n, and fix © = 6.2, n = 0. We will change the
Josephson coupling € or B to compute various properties of
the superconductor vortex. In Fig. 1, we show the conden-
sate profile for small ¢ where we find condensate (O) is
against € which is similar to the condensed matter literature
[15], but for € is larger, (O;) decreases when € increases as
shown in Fig. 2.

In Fig. 3, we estimate B.; by comparing the free energy
of n = 1 and n = 0 where the regularized free energy is
given by
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We also require the regularity condition, e.g., A;(z = z;) = Asd,A
o . 47282 dzd 4
0 at the horizon and also the conditions at p = 0 forn # 0 - z 2p R + zap 2
p:
2A2( 2 + 2) A
Plo0=0, 0,A/lp=0=0, Aglp=0=0, 3) AT T g ¢(<p%(n1—qA¢)
f p?
while forn = 0, 9,¢,—0 = 0. To avoid the divergence of 2 2
the energy with the fractional magnetic flux [?], we setn; = + (pg (n2 —qAg)) + 77<P12§02 j|:| 4
np = n in our numerical calculations. z
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Fig.2 Forn=0,B =B = <0,>'2
0.03125, R =8,n = 1. (Left 020k
panel) Vortex solution of (O1) ’
with various €; (right panel)
vortex solution of (O,) with
various €. (O;) decreases as € _
varies — €=0.11
— €=0.21
— €=0.31
— =041
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— €=0.41
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From Fig. 3, one can determine B, as the magnetic field
where F(n = 1) = F(n = 0) which is about B = 0.09.
Therefore, when B < B, = 0.09 the superconducting
phase without vortex is favored than the superconductor

Fig. 3 Free energy versus
external magnetic field B with
n=0,¢e=0.05,R=28
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phase with vortex. Conversely, the vortex state is favored
when B > B, = 0.09.

Inaddition to B.i, the other interesting quantities for
the superconductors are the characteristic lengths. We are
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Fig. 4 Fore =0.05,7 =0,B = B; =0.03125,n = 1, R = 8§, the
profile of superfluid density n;(p)

interested in the penetration length and coherence lengths.

The penetration length can be obtained from the superfluid

density ng by A = eja where e is the electric charge of the

superconductor and the superfluid density n; can be defined

from the current-current correlator given by [14]
Jo

ag—n

ns = (JpJp) = —

&)

We show the superfluid density in Fig. 4.
For the coherence length, we adopt the approach by
fitting the condensate profiles by

— L
(0% ~ a; (1+bl~e ﬁ&), i=1.2, (6)
and then we can conclude the Ginzburg-Landau parameter

« for both bands in our two-band superconductor are larger
than 1/+/2 and behave type II.

4 Conclusion

In this note, we construct a single vortex solution in a
holographic two-band superconductor. We find for small
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interband Josephson coupling, one condensate is robust
against the interband coupling. By comparing the free
energy of n = 1 superconducting vortex solution and super-
conducting solution without vortex, we estimate the first
critical magnetic field B.;. We also compute the super-
fluid density, penetration length, and coherence lengths and
conclude both bands in our model behave type II.
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