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Holographic methods emerging from AdS/CFT have been applied
to a variety of strongly coupled gauge theories

valuable tool for probing
nroperties
of field theories at strong coupling

few theoretical tools available
for real-time processes

In this program, important to find universal features

gain intuition about



Plan

Focus on a “universal” quantity that has played key role
in studies of the QCD quark gluon plasma:

Conjectured to be bounded from below:
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Insight Into the quark gluon plasma

- probe QGP behavior (transport properties)

Can we use CFTs to study properties of QCD?

N = 4 SYM at finite T is not QCD but:

Some features qualitatively similar to
QCD (for T ~ T - 3T)

(small bulk
viscosity away from T)

241 flavour

2 flavour

N=asYM - Some properties may be

Karsch, hep-1at/0106019

generic relations might provide

INPUT into realistic simulations of sQGP




Elliptic Flow at RHIC

Off-central heavy-i1on collisions at RHIC:

Anisotropic Flow
(large pressure gradient

in horizontal direction)

RHIC data favors 4nnﬂs<u&5 (e.g- Song et al. 1011.2783)



Nearly ldeal, Strongly Coupled QGP

Weak coupling calculations in thermal gauge theories:

n.,__
s AMlogl/\?
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QGP with &«'1 > strong coupling regime
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Shear Viscosity from AdS/CFT
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1ncan be extracted from certain correlators of the boundary T,
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Universality of pgis

For =4 SU(N) SYM plasma:
planar limit, infinite “t Hooft coupling
[Policastro,Son,Starinets hep-th/0104066]

UNIVERSAL
A, N = ¢

Result 1s universal 1n all gauge theories whose gravity

duals are dictated by Einstein gravity
[Buchel & Liu th/0311175]
regardless of matter content, amount of SUSY, conformality




Shear Viscosity Bound

Conjectured lower bound for finite T QFTs >

Fundamental 1n nature?

« Lower than any observed fluid R

-~ Water 100MPa

« RHIC value at most a few times

7 1
— = —~ .08
S 47

- Simple dilute gas estimate seemed to suggest QM bound:

n . s
. Plnfp = SNO(F‘)




Is universal 1In Einstein GR:

1 ~2
L=R——F+...

How does i1t change with higher derivative corrections?

1 £ w & h
L=R—-—=F;+...+dR° +a”R’+ "R + ...
1.

2

CFT side:

finite )\ N
corrections




Testing The Bound

Leading a” correction on AdS; x S (N = 4 SYM)
increased the ratio

Possihle hniind violations ? YES
Gauss-Bonnet gravity

AcB
I = 5 2rp2 _ SRP b oo pvpa
1ﬁerNfd‘r [R 20 + o= LA(R? — 4Ry R* + Ruwpo R )]

come back to

this later




String Construction Violating Bound

Kats & Petrov (arXiv:0712.0743)

= Type IIB on AdS; x S®/Z,
(decoupling limit of N D3’s sitting inside 8 D7’s coincident
on 07 plane)
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Couplings 2> determined by (fundamental) matter content
of the theory




Violation of the bound can be traced to
inequality of central charges of dual CFT:

c—a >0

generic In superconformal gauge theories
with unequal central charges



| [SC,K.Hanaki,J.Liu,P.Szepietowski,0812.3572, 0903.3244, 0910.5159]

]

éf- Role of chemical potential (R-charge) on the bound?

. Role of SUSY/stringy constraints?




Corrections to p/sat finite chemical potential

The setup: D=5 N = 2 gauged SUGRA (electrically charged black holes)

To leading order:

—L_ WP L FAA, + 1297

124/3

In this theory higher derivative corrections start at R?
(sensitive to amount of SUSY)

They 1nclude the
AANTr(RAR)



SUSY R2 terms in 5D

Recall that we are interested In

Instead of brute-force compactification (on Sasaki-Einstein),
make use of SUSY

SUSY completion of mixed CS term

AATr(RAR)

coupled to arbitrary # of vector multiplets

Off-shell formulation of N=2, D=5 gauged SUGRA (superconformal
formalism). End Result



On-shell Lagrangian (minimal SUGRA)
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(4
controls strength of higher derivative terms

C, can be related tn the nf Adual 1I\/ CET via:
Interpretation on dual gauge theory side?

R-current anomaly



The Link to the Central Charges

4D CFT central charges a,c defined 1in terms of trace anomaly:
(CFT coupled to external metric)

L=R+ R+ &R, + ok

uupa

sensitive to higher

derivative corrections




Finite N effect

For N =4SYM a=c (_no R? corrections)

cC—da

In general a= c= O(N?) only, and -

R2 Correction will correspond to a 1/N correction

Contrast to IIB on AdS; x S°

Note: these are not 1-loop corrections i1In the bulk
(open string effects i1nstead)



Thermodynamics and Hydrodynamics
of R-charged black-holes

Putting all ingredients together..

c—a3Q* - 14Q — 21)

- 8(Q—2)
electrically charged

black holes | u+¢@wa_c—aay+ﬁQ+5}
167 a 8(Q — 2)




Bound Violation

Bound violated for c-a > 0

R-charge makes violation worse

Correction 1s 1/N effect

Only terms with explicit Riemann tensor matter:

5’ [ wapa + 0p Ry FFFPY

+as VAV ,F,, + a,V*F**V ,F,, + - ]









Gauss-Bonnet as a toy model

Black brane solutions known for finite GB coupling

1

Aas
I= Pry/—g |R-2A L*(R* — 4R, R vpo RIVPT
1ﬁwGNfd‘” g[R + LB — AR B + Ry poe RM7)

leads to natural question:
arbitrary violation of the bound?

No! Must look at the consistency of the dual QFT:
= once the coupling becomes too large, one finds modes that

propagate faster than light

microcausality Nor > 9
GB > T~

violation 100




Causality Violation and the Link to n/s

ensures
small violation of the bound

GB example suggests

Such a link cannot be of fundamental nature

[S-C.,A.Buchel arXiv:1007.2963]

We considered a slight modification of the GB model,
realized In a theory with a superfluid




transport

causality




IR vs. UV Physics

shear viscosity: coupling of effective hydro description
at low momentum and frequency

‘El < min(T, My m e )

microcausality:

w>> max(T,p,---), |kl > max(T,p,---)

Link only i1f same phase
of the theory extends

over all energy scales
(e.g. no phase transitions
decoupling UV from IR)
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Features of our Toy Model
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ef fective —
AcB



Low T

broken symmetry phase

Gauss-Bonnet higher-
derivative corrections

AaB # 0

Black hole develops
scalar hair

unbroken phase

no higher derivatives
(Einstein GR with U(1)
gauge Tield)

Aap =0

electrically charged
AdS black hole




The shear viscosity bound

expected from
universality

when Ay IS non-zero eta/s gets corrected:
eta/s goes well below pure GB bound (finite Ag)

no causality violation (scalar




“UV/IR Decoupling”

We have decoupled the UV physics
from that of the IR

\ 4

The link between eta/s and
causality violation 1is
not fundamental

hydrodynamics i1s described by IR theory -- i1In general
this 1s not connected 1n a trivial way to the UV CFT
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Link to the Central Charges?

Even perturbatively, here there i1s no link between eta’/s
and the UV central charges of the dual theory:




Holographic Wilsonitan RG Flow

Over the past year, several attempts at refining and
developing the to gauge/gravity duality

1006.1902 (Bredberg,Keeler,Lysov,Strominger)
1009.3094 (Nickel and Son)

1010.1264 (Heemskerk and Polchinski)
1010.4036 (Faulkner, Liu, Rangamant)

Eta/s doesn’t run In any Wilsonian sense:

0,11 = 0 + O(w?)

but still has non-trivial behavior
as a function of temperature




Non-trivial Eta/s “flow”

jump In Eta/s and
temperature flow

(first known example)

temperature dependence
may be relevant for QGP

Can we understand , In Wilsonian approach?
(relevant double trace deformations of CFT, triggering RG-flow)
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Non-Trivial Scalar Profile?

1

S -
16?TG&:_|_2

f 422/ —g ( R —92A — 2(Vo)

2
i) W ~ i} - a - (i?‘
ds? = 2 (rg”dt“ 4 r?dztdrd 045 + —
|I"

Geometries exhibiting Lifshitz scaling
t— Nt, 1 — A1

have played a key role in probing quantum critical systems
(dilatonic b.h. 2 zero entropy at zero temperature)




From Lifshitz to AdS

Finite T solutions constructed (1101.1980)
- smooth interpolation between the two
(no phase transition)

IR behavior (Lifshitz) is different enough from UV

behavior (AdS) that we expect interesting eta/s behavior
without need for phase transition
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universality of eta/s 1s seemingly lost

transport coefficients are IR features of the theory

Microscopic constraints

are NOT responsible for setting the lower bound on n/s




Although eta/s does not flow In any Wilsonian sense, it
still has a

Can we better understand non-trivial eta/s (hydro
more generally) within new Wilsontan approach?

Relevant deformations, etc?

How much more mileage can we can get from gravity setups

to model iInteresting field theory systems (and any
constraints arising from consistency of the theory)?

Development of particularly important
(they provide useful i1nputs Into realistic
simulations of strongly coupled systems)
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