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Abstract: | will describe numerical simulations of quenchesin AdS-CMT superconductors & nbsp;where we are able to construct a dynamical phase
diagram for the system. | will describe how the late time behaviour is<br>understood in terms of the quasinormal modes of the system, and how a

rather generic behaviour of the pole structure there leads to interesting physical consequences that have an analog in condensed matter calculations
using integrable models.
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Quenches in "holographic superconductors’
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Quenches in "holographic superconductors’

Condensed matter theorists!
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Plan for this talk...
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AdS-CFT
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AdS-CFT
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AdS-CFT
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AdS-CFT
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AdS-CFT
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Neumann
Dirichlet
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AdS-CFT

norizon
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AdS-CMT
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AdS-CMT
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/ .
AdS-CMT

* Much interest has arisen also in rather exotic black holes where the gravity
has a complex scalar charged under a vector.
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AdS-CMT
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AdS-CMT
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AdS-CMT
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AdS-CMT

* [Gubser ; Hartnoll, Herzog, Horowitz] There is an exotic phase transition to
black holes that superconduct - seen via the CFT current-current correlator.

The complex scalar is ‘turned on’ and is dual to a complex scalar operator, O,

charged under a global U(1). This symmetry is broken.
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AdS-CMT

<j)>
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AdS-CMT

‘ . 1 IN st ' [Gauntlett, Sonner,
TW ; Gubser, Herzog, Pufu, Tesileanu |
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AdS-CMT

[1] Barankov and Levitov, “Collective Rabi Oscillations and Solitons in a Time-
Dependent BCS Pairing Hamiltonian”, PRL 93, 160401 (2004)

[2] Barankov, Levitov and Spivak, “Synchronization in the BCS Pairing
Dynamics as a critical phenomenon”, PRL 96, 020403 (2006)
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AdS-CMT
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AdS-CMT
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AdS-CMT
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AdS-CMT

» Obtain "dynamical phase diagram’ - 3 regimes;

* oscillation of pairing, decay to non-zero pairing, decay to zero pairing

<- Synchronization - <—— Dephasing ———

“Final Gap”

“Quench Strength”
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AdS-CMT

< Synchronization » « Dephasing ——
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“Quench Strength”
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AdS-CMT
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AdS-CMT
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B-L in AdS/CMT

cf. Murata et al
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AdS-CMT

* [Gubser ; Hartnoll, Herzog, Horowitz] There is an exotic phase transition to
black holes that superconduct - seen via the CFT current-current correlator.

The complex scalar is ‘turned on’ and is dual to a complex scalar operator, O,

charged under a global U(1). This symmetry is broken.
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B-L in AdS/CMT
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The numerical GR calculation

ds* - ( T dv?® — 2 dvdz 4 Hj:/.r?)

Rey, Imy,a, T, S f u, v A=adv (complex) v
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The numerical GR calculation

ds® - ( T dv® — 2dvdz 4 ."‘-”?:/.r-;‘))

Rey, Imy,a, T, S f u, v A=adv (complex) v
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The numerical GR calculation

. a, T, S tn A
H st. Img=0

T ~ dary expan:

Re

8, .1 + v (('),._._f'- Oy — 2ia (f)._f? 25),1;{.) | 1u’¢~{.)]_ 0
L - z=\)

(stress energy conservation)

Pirsa: 12060027 Page 38/66



1 e,
The numerical GH ¢
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The numerical GR calculation
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/

The numerical GR calculation

* No boundary condition to innermost (z=1) point (inside the horizon)

* Initial data is constructed from a low temperature ‘broken phase’ solution
(constructed by shooting).

* Works very well ( modulo subtlety that may hit singularity )
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Example solution
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0.0 0.2 04 0.6 0.8 1.0
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Example solution

0=0.3
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Behaviour of quench
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Behaviour of quench

o Start at low temperature and 'kick' the superconductor. In all cases (as
expected) one settles back down to an equilibrium solution.
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Behaviour of quench
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Behaviour of quench

q ‘Dynamical phase diagram’

remain in ‘broken phase’

quench to 'normal phase'
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Behaviour of quench
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'B-L like behaviour
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B-L like behaviour
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Quasinormal modes

b(v, 2) ~ e f(2)
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B-L’ like behaviour
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'B-L’ like behaviour
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Quasinormal modes
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Quasinormal modes

* Approaching T. ;

15 1L
0.0; - -

\ o
(6]
Re(w/p)
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Quasinormal modes

o At T.:

Double pole

0.0

Re(w/p)
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Quasinormal modes

* And just below T. - note time reversal and charge conj constrains w ~ —w"
Global phase rotation

0 l ,
Higgs mode
(constrained to lie on axis)
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Quasinormal modes

Global phase rotation
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Quasinormal modes

b(v, z) ~ e~ £(2)
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Quasinormal modes
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Quasinormal modes
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Quasinormal modes

* Below T. we have oscillations
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Quasinormal modes

* |maginary part;

k
Vg
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Quasinormal modes
* Real part;
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Quasinormal modes

* At low temperatures it seems reasonable to expect oscillations as it is the
temperature that gives dissipation.

* Then we see that a rather general structure simply due to symmetry breaking
leads to the various behaviours.

» One might even expect such a result is more general than holographic
superconductors, and in fact arguments might be made in linear response.
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Summary

Pirsa: 12060027 Page 66/66



