A domain wall solution in the D3-D7
model with magnetic catalysis

Shuta Ishigaki (Shanghai U.)

Aug. 22, 2024 @ Da Nang

Collaboration with Masataka Matsumoto (SJTU) and
Ryosuke Yoshii (Sanyo-Onoda City U.),
JHEP 2024, 274 (2024), arXiv:2402.04657 [hep-th]



Introduction: Inhomogeneous condensates

d Inhomogeneous superconducting
states (FFLO state) Fulde, Ferrell (1964), Larkin, Ovchinikov (1964)

1 Inhomogeneous chiral condensates
Review: Buballa, Carignano (2014)
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Ex) single kink (dark soliton) j ’ f
Keranen, Keski-Vakkuri, Nowling, Yogendran (2010) \XH /'
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Vortex, (complex) multi-kinks, ... and many applications!

This work: single kink in a top-down holographic model (D3/D7 model)




AdS/CFT correspondence
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Probe brane model: D3/D7 model
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AdS black hole + D7 probe brane (3+1) dim. N=4 SYM + N=2 hypermultiplet
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Probe brane model: D3/D7 model

General equations of motion (w/o WZ term):
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Chiral symmetry breaking in D3/D7  cums
Embedding function: 6 = 0(u), o =0 sin 6(uw) / /

U
) =m + cu® + -
Gauge field on brane:  A; =a;(u), U

asymptotic forms P 2
Ay =Bz, at boundary ( ) —H u” -

9
A=A, =0 T \\\

L Chemical potential
The external magnetic field B becomes a
scale of the system. T T

Chiral condensate

Charge density

Set m = 0 because we are interested in a
spontaneous chiral symmetry breaking.

In bulk, this corresponds to imposing the
boundary condition for 8(u) at the boundary
(u = 0).
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black hole embedding, chiral symmetry restored

Minkowski embedding, chiral symmetry broken




Chiral symmetry breaking in D3/D7

sin 6(u)
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Chiral condensate (order parameter)

« Trivial (flat) solution : 8(u) = 0 — (gqq) ~ c =

* Non-trivial solution : 6(u) # 0 - (gqg)~c # 0

0
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Chiral symmetry breaking in D3/D7

Bulk picture:

Dual picture:

D7-brane embedding with a magnetic field B
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Evans, Gebauer, Kim, Magou (2010)



Related topic: Nambu-Goldstone modes

A fluctuation of ¢ corresponds to the NG modes in the SSB.

Dispersion relation
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https://arxiv.org/abs/2012.01177

Main differences from holographic superfluid

1. Dual description is clear: N’ = 4 SYM +N = 2 hypermultiplets
= proken symmetry is chiral U(1) (, not gauge symmetry)

2. External magnetic field is necessary for ySB.
= called “magnetic catalysis”

3. Both of 1st and 2nd order phase transitions appear.



Inhomogeneous solutions



Inhomogeneous solution with xSB

« Consider spatially dependent solution on x.
« Spatial modulation perpendicular to magnetic field B

 Ansatz:

O(u,x), A(u,z), Ay(u,x)
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Implying non-trivial current density is induced



Typical SOI utiOnS arXiv:2402.04657 [hep-th]
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Chiral edge current

Magnetic field induces a chiral edge current

// CYclotl on orblt//

(a)

from review by B. Liu and W. Zhang (2023)

arXiv:2402.04657 [hep-th]
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Fitting with Ginzburg-Landau theory



A domain wall solution in GL theory

Ginzburg-Landau theory describes the second order phase transition.

Effective thermodynamic potential from the 4th order GL theory @ = R
j - To g |
QY] Z/d3${§|vw|2+§|¢’2+1|¢|4+V0} s
Stationary equation: o) J 1 1 5 o
=—zV = = =0 e e es os os ot
Inhomogeneous solution: Y(x) = Atanh (z) In holographic superfluid:
€ [V. Keranen, E. Keski-Vakkuri,

S. Nowling, K. P. Yogendran (2009)]

Let's compare this solution with our results!



Near 2nd order PT point (\/RTLB ~ 0.071)

GL theory’s solution: ¥ (x) = Atanh ( §)
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Profiles of order parameter and charge density
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The results are well-fitted!

assumption: p(x) ~ C(x)Q

fitting parameters:
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A domain wall solution in 6th order GL theory

potential’s shape

Near the 1st order PT, the fitting gets fails. |
= \We need 6th order GL theory. ° A

Effective thermodynamic potential
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Inhomogeneous solution:  Bound pair solution
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Near 1st order PT point (\/RTLB = 0.22)
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Behaviors of the fitting parameters
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Thermodynamic stability
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The total energy always higher than the homogenous states.
However, the kink states may be realized during a thermalization process.
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Summary

 Single kink solutions accompanied with chiral edge currents
in a top-down D3/D7 model

1 Well-described by Ginzburg-Landau effective theory
« 2nd order PT © 4th order GL
« 1storder PT < 6th order GL

Outlook

d Other solutions: Vortex, complex kink, ...
J Nambu-Goldstone modes associated with translation SB
d Drive system to steady state




Ex. Vortex?

To avoid a singular behavior, a radially symmetric order parameter must
behaves as

v (5)- ()

The GL theory admits such a solution.
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: | The D3-D7 model probably has a
similar solution, but we have not

obtained.
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