Strong coupling physics from general
relativity
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HEP faculty members

® Dave Tong ® Malcolm Perry
(Holography, QFT) (Double field theory and SUGRA)

® Harvey Reall ® Paul Townsend
(GR with apps in holo.) (String theory, SUGRA, ...
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HEP Postdocs

Tim Adamo ® Eric Perlmutter

(Amplitudes and twistors) (Higher spin, entanglement entropy)

Daniele Dorigoni ® Joan Camps
(Field theory) (GR and apps in holography)

Tolya Dymarsky ® Mariano Chernicoff
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Qutline

® AdS/CFT in string theory
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AdS/CFT in string theory

® Strings are extended “|+1” dimensional objects
moving in a D dimensional space-time

® Depending on boundary conditions they can be
“closed” or “open”
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AdS/CFT in string theory

® More generally open strings can end on |+p -dim
hyperplanes (Dp-branes)

‘ Endpoints moving freely on the

“brane”
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AdS/CFT in string theory

® Even more generally we can have N parallel d-branes
yielding N? different BCs




AdS/CFT in string theory

® d-branes have tachyonic modes in bosonic string
theory — unstable

® Can be stable in supersymmetric theories

planar Ds-branes of
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AdS/CFT in string theory

Open strings of the brane stack + closed strings moving
in the bulk




AdS/CFT in string theory

Geometry backreacts the least far away Close to the branes the geometry
from the branes changes to
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AdS/CFT in string theory

Low energy limit = massless
modes decouple

gs N << 1




AdS/CFT in string theory

For each gauge invariant field theory observable there is a
corresponding gravity (bulk) field

N=4, d=4, SYM 1B SUGRA

®' — SO(6)r S° — SO(6)

- Py ¥ N T R | ¥ N S }1 e LA S L2 g 54142 LA -_;;L/ W & - o~ g b i N R P p =T - L o, - LI P 3
. s 184 - - -t v LR - _ d (v f o A o thice, o5 g ® ¢ A § R D 2~ i . ) & L] b A S ., |
J, el " ﬁ\-‘_..’-P. N.‘ £ 4 D "‘.a' =¥ s e duR o A e L :' i Eove, PR R b gt g e ’.g-, s N etr e 4 ey },_‘ Pt e T e e -’ -
N | - -y - . - B o Mg N ¥ o " e B ’ "o N . i - ¥y -y "t - 5 . s




AdS/CFT in string theory

® Since the first appearance of the conjecture many checks have been
carried out

® First robust checks based on protected observables (SUSY preserving
operators) — extrapolate between weak/strongly coupled regimes

® Chiral primary operators :
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AdS/CFT in string theory

® Several sectors of SYM operators appear to reduce to spin chains
(SU(2) sector) = integrable

® Integrability not too surprising on the string worldsheet sigma model
side (spinning strings, giant magnons)

perturbative

string theory
gecsintepuability. s s e s b s 1
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AdS/CFT in string theory

® |s AdS/CFT true only for N=4 SYM?

® Generalizations to other setups with less SUSY? confinement!?

® Geometries of the form R!3 x CY?3 preserve 8 SUSYs in Type IIB
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AdS/CFT in string theory

Replace the five-sphere by another five Sasaki-Einstein
manifold

TN ® [ow energy limit AdSsxSE5

e N=I SUSY = U(I)r
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Applied holography

® AdS/CFT is a powerful tool to calculate correlators
at strong coupling!

® [ntroduce boundary sources and use propagator to
find bulk corrections
b (%) 6(%)
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Applied holography

® The 2- and 3- point functions are constrained due to the

conformal symmetry of AdS to be compatible with the
boundary CFTs

® Use bulk action to define the CFT!

® Discover universal properties of holography
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Applied holography

® Deforming the boundary CFT by a relevant operator
corresponds to appropriate BCs for an appropriate bulk field

— geometrization of RG flows

® How such UV theory deformations affect low energy physics

® Search for new IR geometries/phases
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AdS/CMT

® Framework to investigate strongly correlated systems e.g. high
Tc superconductors

® VWWhat do we need to ask!?

® What are the right variables!?

~ ®Finite temperature T — introduce black hole horizon, QFT
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AdS/CMT

At high temperatures unique black hole solution = normal phase
At low temperatures certain bulk fields can become unstable = phase transition

Novel black hole phases previously unknown in gravity!

Black holes phases which break the U(l) lead to holographic superconductors/

superfluids
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AdS/CMT

® What other phases are possible!?

® Another class of bh instabilities breaks some of the
Euclidean symmetries

® Charge density waves
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AdS/CMT

® How do the non-linear time dependent dynamics
look like!?

® Translates to a time evolution problem in GR.

Hard but easier than QFT at strong coupling!
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AdS/CMT

® Comparison with experimental data!?

® Can study linear response = AC conductivity

® Momentum conservation leads to delta function at W=0
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AdS/CMT

® 2 ways this can happen

® J|attice fades in the IR

® |attice dramatically changes the IR
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AdS/CMT

Solutions now depend on (at least) two variables —
need to solve PDEs

A

a) ® Spectral weight smeared to a Drude O
peak at W=0

® Claim for curious mid-infrared scaling
o=C+w23
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AdS/CMT

What about non-linear reponse/current noise!
Drive the geometry by a non-linear boundary current + current study noise
GR problem very hard = non-linear problem in 1+2 dim

Stable time dependent solutions are highly non-obvious. Consider theories on
probe branes in a heat bath
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Summary

Holography, one of the few tools to study systems at strong coupling

Holographic construction of superfluids/superconductors, metal/
insulator transitions, far from equilibrium dynamics

More applications not mentioned!
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