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Why 1s critical region?
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Figure: superconductivity

Region near (vellow dot)

Scaling behavior dominated by critical

exponents (CE)

Nature of CE: symmetry, dimension,
properties of order parameter, no details
of interaction

Holography to give discernment to
dynamics in the critical region

_vs quantum criticality
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Holographic superconductor
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Aa dual tO ] a CUI’I‘ent superconductor

A r=infinity

& dual to A : complex scalar hair

Dynamics of AdS/CMT r<T

Gubser, PRD 2008, Hartnoll-Herzog-Horowitz, PRL 2008
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Analytic holographic superconductor

So = f d>x\/—g [——FMNFMN — (D, ¥)(DMWP)* —mgtp*tp]

Av=.u0( _r_h), m(2)=_4'

Phase transition at uy, = 2ry, Herzog PRD 2010
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Complexified holography
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Schwinger-Keldysh extended into
the bulk

Two Lorentzian regions and one
Euclidean black hole are glued
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Radial coordinate

What we use

o complexified
Glorioso, Liu 2018
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Perturbation scheme

< T slightly above T¢c, off-equilibrium fluctuation of A
small, justifies linear analysis keep 4%, A*

< Slight deviation from critical point, O(Su)
< Low frequency expansion 0(d,)

Each field: AP w®Om@ g0 m@m

(D (m)(n)

Sources: j iy
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Effective action 1in each order

LOOO) _ L axp

ff T on
CP = o |2 (5 - AD(A2 - A1) — (4380 - AjA)|
— 5 _l‘ffg Ag+ (AgAF + AT .&T)]
B0 = - ﬁ_(i. — 30)AL9 A, + — (1 +30) A9 A, + ljﬁf A8y Ay,

£ = — 0.000129006i (A, A%) + 0.00466688A, AL (AZA, + A AT)
— 0.0002634061 [(ALA:) + (AAN?] — 0.00105363i A, A ALAS
+0.0208333( A2 AZAZ 4 A ALAR),
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Weak coupling results

< The Ginzburg-Landau action
Sep = 2 / diz [&;‘;‘(L—l VEAG 4 A (L1)AAL 4 AT (LK aﬁ]
TC(3
(LR = = [$&;+D(Vr+23 eA)2 ol C( )|.x_x }
z'?r

(LYK = coth == [(L7)(w) — (L) A(w)] = 7,

TaL = 7/[8(T — T¢)]
< v: the density of states and D: diffusion constant

< Theory at high temperature
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Comparison with weak coupling

< The Ginzburg-Landau action
Sep = 2 / diz [&;‘;“(L—l VEAG 4 A (L1)AAL 4 AT (LK aﬁ]

TC (3)

LR = T [$3t+D(Vr+?I AR’ 75l - SARE

(LK = coth o2 [(L7)F(w) = (L) ()] B

(0)(2)(0) _| & A4
Lo}y _gaﬂaﬂ
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Comparison with weak coupling

< The Ginzburg-Landau action

Ser = 2v / diz [gjﬂg(L—l VEAG 4 A (L1)AAL 4 AT (LK a;l:]
LR = T [m + DV, + 2ieAR) — - TP

(LK = coth o2 [(L7)F(w) — (L) ()] = 7,

a1, = 7/[8(T — T,)] dictated CE 1n the
same dynamic universality class

(0)(2)(1) i
Lefy = dp [.+ (AgA7 + ,5;.5,]]

- -1
TGL ™~ ET ~ Ep
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Comparison with weak coupling

< The Ginzburg-Landau action
Sep = 2 / diz [&;‘;“(L—l VEAG 4 A (L1)AAL 4 AT (LK af}c]

7C(3
LR = T [mwmwm it — PN

1T

(LYK = coth == [(L7)(w) — (L) A(w)] = 7,

WO = 0,000120006i( A A%)? + 0.00466688A, A% (AXA, + ALAT)
— 0.000263406i [(AZA)? + (ALAD)?] — 0.00105363iA, AL AZAS
+ 0.0208333( A2 AZAZ + AZALARR),
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Summary

<+ Holography may provide

< Time dependent GL effective action for holographic
superconductor

< Results comparable to weak coupling counterpart in

<+ Effective action for charge DOF and charge-condensate coupling

< How to incorporate Kibble-Zurek scaling
<+ the influence of noises
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