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Applled AdS/CFT

From hot quarks to condensed matters
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% What does AdS have '
to do with CFT?

4 Strings and”strong
coupling 1in QCD

~ ® Strings and strong
coupling in CMT

® The Longview




Foundations

| '_i Stﬁing thoies Cohtqins_strings,_branes,..

N

)
. :
. L
T r - ?
;
, .
;



Foundations

~ String theory contains strings, branes...




Foundations

:i Stﬁing theory cohtdins_strings,_branes,..
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Foundations

Stﬁing theory cohtdins_strings,_branes,..




AdS & CFT -
Why should Anti-de Sltter space help us study
Conformal Field Theories? |

'.Thé AdS metric:

de + di?) + —dr®

'~ An interesting_isometry:-

. o |
TH‘X fﬁ)\ffé)\t



AdS & CFT
Why should Anti-de Sltter space help us study
Conformal Field Theories? |

'.Thé AdS metric:

g S raits
d32:'r ( dt2+daz‘) | - dr? -

'_An interesting_isometry:-

_ r |
T%X TS S

So this spacetime exhibits scale 1nvariance
and naturally associates r to an energy scale.



AdS & QCD

What do we want to know about QCD?

Goal: construct a
dual to a “QCD-Like”
theory that can be
studied at finite
temperature and Hadron Gas

chemical potential. Non-CFL
Color Superconducting




AdS & OCD

What gravity theory looks like hot QCD?

Need a temperature,
entropy, |
hydrodynamics. . .
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'AdS & QCD

What gravity theory looks like hot QCD7

Need a temperature,
entropy,
hydrodynamics. . .

..like a black hole!

2 4 2 iy -1
= [ (1 = 74) dt* + d:z‘:Q} e (1 - T—O) dr? + R2dQ2

r2

Hawking temperature: S



AdS & OCD

What gravity theory looks like hot QCD?

Bulk gauge field ::
Boundary chemical
potential |



AdS & OCD

What gravity theory looks like hot QCD?

Bulk scalar field ::
Boundqry gauge o gYNI.
coupling



AdS & QCD

What gravity theory looks like hot QCD?

Bulk scalar and
gauge field coupled O
to BH background: |

L = ok |[R— L2, P —1(0p)2 — V()]

Non-conformal gauge
theory at finite

temperature and e
chemical potential



AdS & QCD

What gravity theory looks like hot QCD?

=  N,=6 [Karsch '07]

e Lattice [Karsch '07] M — O

— Black hole fit o N,=4[Karsch'07]

—— Black hole fit

- sech|8 (p—-2
V(p) = —12 cosh v + bp? f(gp) — 5 (p—2)]



AdS & QCD

What can this model teach us about QCD?

Our system 1s easy
to study at finite
temperature and

chemical potential! Hadron Gas

Color Superconducting




AdS & OCD

What can this model teach us about QCD?

Approach: populate
the mu-T plane with
bulk solutions and
search for a line
of thermodynamic
instabilities...

...Locate critical
point!

(e, To) = (783 MeV, 143 MeV)



AdS & OCD

What can this model teach us about QCD?

Critical points are
categorized by
critical exponents:




AdS & OCD

What can this model teach us about QCD?

Critical points are
categorized by
critical exponents:

3 =0.482

0 =3.03476




AdS & OCD

What can this model teach us about QCD?

Critical points are
categorized by
critical exponents:

3 =0.482

0 =3.03476

This suggests mean
field 3d Ising!




_AdS‘&QCD 

What cqn_£hisimode1_teach'us_about QCD?

FlUctuatidns of the bqu thedry mdp to
hydrodynamic transport in the boundary theory.



AdS & QCD

What cqh_fhisimodel_teach us about QCD? -

Viscosities, conductivities, and diffusion are
calculable via standard techniques, e.g. Kubo:

| | L] e
©hyg > 1 olgle C ~ limO “ImGRr'"k(w)
. o w—0 W



AdS & QCD

What can this model teach us about QCD?

Bulk viscosity
and conductivity
are finite at
critical point

Hohenberg &
Halperin Model
H --> Model B

via large N?




AdS & QCD
- tht.cdn this model teach us about lattice;QCD?

Finite chemical
potential on lattice

}

“sign problem”_

To circumvent, try Taylor:

P(;_Z;,LM) = Z Cé.n(T) <%)2n




AdS & QCD

What can this model teach us about lattice QCD?

Approach: Fit our data to polynomial,
extract power series coefficients, compare.



AdS & QCD

What can this model teach us about lattice QCD?

= t h em s%nmn

SB (N,=4)

SB limit

T, SB (Ny=4)

0.00030
0.00025
0.00020
0.00015
0.00010
0.00005
0.00000
—0.00005

—-0.00010




AdS & QCD

~ What can this model teach us about lattice QCD?

= m
dg= B o \ cont2(Tc)

SO

HC B AR~ 488496, .7




What can this model teach us about QCD?
€ A calculable model of a critical
gauge theory at finite mu, T:

1012.1864

e--’*'Alccess to dynamic critical '
phenomena: 1103.2029

S Provides proving'ground for
lattice techniques: (in progress)

S Study sensitivity of results to
bulk theory specifics: 0903.1458



AdS & CMT

What gravity theory looks like a non-Fermi
liquid?
Fermi Surface:

® Surface 1n momentum
- space where the zero

frequency fermion.
correlator diverges.

!

Fermion zero modes 1n
extremal AdSRN!




- AdS & CMT
- :Doés such a model exist in string theory?

*CSUGRA = [’[67 Aa )-\7 wv ¢7 . e ] % £[67 A7 lb]



AdS & CMT

Does such a model exist in string theory?

£SUGRA = [’[67 Aa )-\7 wv ¢7 . e ] % [:[6, A? M

Evidently--in maximal gauged SUGRA theories:

D = 4 _ D=5

N =8 SO(8) SUGRA on AdS; N =8 SO(6) SUGRA on AdS;

! 4

d=3 N = 8 ABJM theory d=4 N =4 SYM theory



AdS & CMT
:Doés such a model exist in string theory?

*CSUGRA = [’[67 Aa )-‘7 wv ¢7 . e ] % £[67 A7 ID]

Evidently——ih maximal gauged SUGRA theories:

|
Ul

D=4 D

g 1 g
(V _Z\/_L >¢:O <7uvu_237uau_ﬁ__fuu’yu>¢:O

'This 1s a “top down” example of AdS/CMT!



AdS & CMT

What can thlS model teach us about CMT7

S Embedding of Fermi surface with
- basic study of near surface
 excitations: 1112.3036

S Other applicatlons to, e.g cold
atomic systems. By modifying
spacetime asymptotics, develop
duals to charged, rotating non-
relativistic CFTS: 0907.1920



The Longv1ew

Understandlng the
sensitivity of our toy
QCD model’s predictions
to Lagrangian parameters
is important. |

Je

Further exploration of
lattice techniques 1n
gauge/grav1ty models 1s
an exciting avenue.

Je

Many details related to
the i1nterpretation of
Fermi1 surface embeddings
remain.




