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> What is AdS/CFT?

» Critical relaxation in Holographic Superconductors

» Boundary model
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What is AdS/CFT?
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The AdS/CFT correspondence:

The physics of certain conformal field theories

%

t=
coded in the gravitational physics of a higher

4 slice
Q
dimensional Anti-de Sitter space (AdS, "bulk")
Héﬁl&lacfvna] . CFT

o (boundary)

(CFT, 'boundary") can be equivalently en-

Via the holographic dictionary, mathematical problems of the boundary the-
ory may be translated into a problem in the bulk theory (or vice versa),
where a solution may be easier, or where a new perspective on the problem

may emerge.
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The AdS/CFT correspondence:

The physics of certain conformal field theories 4

t=
4 slice
0

CFT
(boundary)

(CFT, 'boundary") can be equivalently en-
coded in the gravitational physics of a higher

dimensional Anti-de Sitter space (AdS, "bulk")

Maldacena
1999 .

Example for the holographic dictionary:
Bulk geometry <+ Field theory state
Black Hole, temperature 7' <+ Finite temperature T’

Scalar hair ¢ # 0 <> Superconducting state, oder parameter ¥ # 0
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) Hartnoll et al.] [Hartnoll et al.
Bulk theory of a Holographic Superconductor L”}}l]l e } s60sa” < ® }

4 2

1 1 ,
5 = /d4x V=g {R—2A+ 5.3 ( — Fu F* — Dyl —m2|¢|2>]

» Cosmological constant A < 0; — asympt. AdS solutions:

ds® = % [~ f(w) dt? — 2 dtdu + da® + dy?] .

Asymptotic boundary at u = 0.
» Complex bulk scalar . Near boundary: ¢ = Tu? + ...
» Bulk U(1)-gauge field A,. Near boundary: A; = A + pu + ...
Phenomenology:
» For p < p., AAS-RN black hole is stable (¢ = 0).
» Second order phase transition at p = p.
» Scalar hair forms for p > pc, ¢ # 0.
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Critical relaxation
in

Holographic Superconductors
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Quench: Start with equilibrium
state p > p. (= ¢ # 0), then
artificially switch it to p = p.
suddenly.

Observation: Universally,

4.07
o) ~ NoET
. 0.93
P(t) = (Ae(t) — pe) = ot

for t > 1 with ¥ = (;Sew.

Power law instead of QNM-like
exponential falloff! ¢ ~ 1 /t means
P(t) ~log(t), i.e. log-periodic

oscillations of complex phase similar
Hirschmann and Eardley
to [ : }

1995

[A:(t) — pe| (solid lines), | V| = ¢(t)
(dashed lines), and [ (t)| (dotted
lines) for multiple exactly critical

quenches.
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Boundary model
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Via AdS/CFT, this corresponds to the physics of a superconductor (or
superfluid), where the dynamics of ¥ should be described by something like

Tsuneto et al.]

a Ginzburg-Landau (or Gross—Pitaevskii) equation [w:\'

We propose the phenomenological equation

[0 —iCy (Au(t) — p+ Cs|U(t)[*)] T(2)
= —(Co +iCs) [|()]* — Calp — pe)] (1)

with parameters C; = 1 and

C2
Ca

0.03018 Cs
4.09192 Cs

0.09308
0.14967

Q
Q

%
%

determined by fitting to static behaviour and exponential falloff (at ¢ > 1)

after near-critical quenches.
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Exactly critical solutions:

o(t) = N — 4
202t+ glg t1/2
0
) — C1(Ar — pe)

_ C1C5 + Cs 0.94

~
~

N 202t+$15 t
0

+ .

| At (t) — pe| (solid lines), || = ¢(t)
(dashed lines), and |¢)(t)| (dotted
lines) for multiple exactly critical

quenches.

11/16



Near-critical solutions oos] N
| N\
B(1) = Ca(p — pe) W ‘ |
1_ (1 . C4(P;Pc)) e—2C2Cat(p—pc) [
% oot
describe the system not just at late, }
but already at early and inter- p—— —_
mediate times. aoessf \ i
For early times t < ﬁ, this exact o
solution is well approximated by the 5
critical solution (~ power law 1 A
falloff). Numerical (blue) and analytical

(orange) results for a near-critical

quench. Top: ¢(t), bottom:

P(t) — CrLA(2).
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v \\
Near-critical solutions -

0.100]

Ca(p —
(b(t) — " (p pC)
1— (1 — 4_(2;9_)) e—202C4t(p—pc)

0

0.010]

0.001

describe the system not just at late, i

but already at early and inter-

mediate times. 10

For early times t < #7 this exact

solution is well approximated by the "
critical solution (~ power law 10 :
falloff). ‘

Top: ¢(t), bottom:
|) — C1(As — pe)| for varying values

of Pfinal-
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Summary

» AdS/CFT allows us to apply methods of gravitational physics to

problems in QFT and condensed matter theory.
» Hairy black holes in AdS correspond to (holographic) superconductors.

» Exactly at the critical point where scalar hair forms (phase transition),

we find the system relaxes after perturbations in a power-law manner.

» This behaviour can be reproduced by a phenomenological model with

high precision.

» Even near-critical quenches show approximate power-law behaviour at

intermediate time scales.
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New SONATA BIS grant at Jagiellonian U. in Krakow

Timeframe: September 2022 - August 2027

Topics:
» Applications of AdS/CFT to QFT and condensed matter theory
» The nature of AdS/CFT and the holographic principle

» Connections between AdS/CFT and Quantum Information Theory

Personnel:

» 1 Postdoc to be hired

soon
» 1 PhD to be hired soon

» 1 PhD to be hired

next year

Contact:

mflory@th.if.uj.edu.pl
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Discrete scale invariance (DSI)

Discrete scale invariance (DSI) is the symmetry underlying the

self-similarity of fractal structures w.r.t scalings by a preferred factor.

Fractal

Name

Hausdorff dimension,

Preferred scaling factor

Sierpinski triangle 125837 2
Sierpinski carpet }Zig;, 3
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Discrete scale invariance (DSI)

Scale invariance (SI):

Osi(z) = p(A\)Osr(Az)

for any A € RT and some pu()\) = \°.

Discrete scale invariance (DSI):

Opsi(z) = p(Ao)Opsi(Aoz)

only for a specific scale \g € RT and the related scales \J*, m € Z. E.g.:

Opsr(z) xz%, a= ,ILOgg/\uO + ilfgj\lo, n € Z.
For n # 0, we hence find complex critical exponents and, because of
Opsr(z) o z® = %) (cos [S(a) log(z)] + i sin [S(a) log(z)]),

log-periodic oscillations.
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Discrete scale invariance (DSI), Example

Oscillations (after quench) in holographic Kondo model ».I_,“(‘,"lh,-””"’"‘ rer "“J:

—2
R(O)/NV2rT 10
107°
1073
N S(O)/NV2rnT 10~8
i\
i
1 10— 11
ARI-~N 2Tt
0 T0 WO// TO B 10—14 '.’
“ d
_ 27Tt
10 0% 0%

A log-linear and log-log plot of the boundary quantity (O)(t). Bulk fields

show log-periodicity in time:

B(t, z) = t" cos(vr log(2nTt))d(z), with v; ~ —0.5, vg ~ 1.5.
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Discrete scale invariance (DSI)

DSI plays a role in:

» Fractals, stock markets and earthquakes [Tf’,’],ﬁ“““}

v

. Choptuik Hirschmann and Eardley
Black hole formation {wem }, [”m }

» The Efimov effect |:IZI(i'x11!]1nl(‘l’ and le\\,\,m}

v

. Calcagni
Quantum Gravity {:()11(7‘ ‘”}

v

. [Liu et al.; Faulkner et al. Hartnoll et al.
AdS/CMT models: |51, ], [ 1,

Erdmenger et al. Brattan et al. Ammon et al.
2017 y [2017 )y 2018

v

. 7ils Bulycheva and Gorsky
CyCllC RG ﬂOWS, see e.g. D\Ol?ll,uu} [2]\;1\( 1eva and Gor <_x}
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