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QCD  Phase Structure

Many interesting phenomena in QCD lie in the strongly-coupled region



Type II B Super String theory 

on AdS-BH×S5

4dim. Large-Nc strongly coupled

SU(Nc) N=4 SYM ( finite T).

conjecture

↔

Witten ‘98Maldacena ‘97

AdS/CFT corerspondence
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AdS/CFT  applied to RHIC physics 

• Viscosity, /s

• Thermodynamics

• Jet quenching 

• Heavy quarkonium (hard probe)

• …..
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Heavy quark potential  probes confinement hadronic phase and 

meson melting in plasma



Correlation function from AdS/CFT

.   Solving the Maxwell equation and the linearized Einstein equation 
subject  to the boundary conditions 

.   The coefficients       , give rise to the R-photon self-energy tensorC

Policastro, Son & Starinets, 

JHEP0209(02)043

6/18/2012



JHEP 1007:042,2010,  Hou, Liu , Li , Ren

Continuum spectrum                                                 Bound sates 



The gravity dual of a Wilson loop at large and large
cN
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the minu.area of string world 

sheet in the  AdS_5

Heavy quark Potential from AdS/CFT
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Heavy quark potential at zero temperature
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No confinement in N=4 SYM!

The world sheet at the minimum
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The potential

Maldacena



Potential:

F-ansatz

U-ansatz

)()(

4

1

4
),(

4

2

rrTr

r

TrF c 











 


0)( cTr

),(),( TrFTrV 















T

F

T
TTrTSTrFTrV 2),(),(),(

r

r

V

V

cr

cr

T
rc



7541.0


Rey, Theisen and Yee
Heavy quark potential at a nonzero temperature
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Higher order corrections

• The t’Hooft coupling is not infinity  

• The super gravity correction to the AdS-Schwarschild

metric  is of order                      

• The fluctuation around the minimum world sheet

presents at  all T, and is  of order                   (more important)
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Strong coupling 

expansion

Semi-classical 

expansion
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X = the solution of the classical equation of motion;

b[C] comes from the fluctuation of the string world sheet around X

,

more significant than
3  -correction for Wilson loops.

Gravity dual of a Wilson loop at finite coupling
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Bosonic and fermionic fluctuations decouple.
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Metsaev and Tseytlin



Parallel lines：

Single line：
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The partition functions of fluctuations at zero T

Forste, Ghoshal and Theisen

Drukker, Gross and Tseytlin
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Partition function  at  finite T  with fluct.

Straight line：

Parallel lines：

Hou, Liu, Ren, PRD80,2009
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Reduce evaluating functional determinants to a set of 2nd order 

ordinary differential equations, which are solved numerically

Wronskian  determinant

Gelfand-Yaglom’smethod for determinant ratios



Chu,Hou, Ren,JHEP0908,(2009)
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Next leading order Results 

Erickson etc. NPB582,2000

Erickson etc. NPB582, 2000;



Confirmed by  Forini JHEP 1011 (2010) 079 arXiv:1009.3939 

-1.33460



NL potential at finite T

Zhang,Hou, Ren,Yin    JHEP07:035（2011）



Meson melting in QGP

Formulation:

• NR potential model with the holographic potential

The Schroedinger equation for
qq

 )2(),(
1 2 EMTrV
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• Order the bound state energy according to
0...)()()( 210  TETETE

Each level increases with T

• The melting temperature of the n-th state is determined by
0)( dn TE

Parameters:
 65.5 

Mc=1.65Gev, Mb=4.85Gev,  Tc=186MeV

Hou and Ren, JHEP0801:029



The melting temperature
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Holographic spectral function approach

qd MsT
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Nonrelatovistic approximation

408.0109.0 2  v

Hoyos et.al.



Meson melting with a deformed metric
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The soft wall AdS/QCD

Karch et. al.
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c is determined by the rho-meson mass

The deformed metric

b is determined by the lattice res



Td with deformed metric

Hou and Ren, JHEP0801:029



Summary and outlook

AdS/CFT may provide  a useful  method to address RHIC physics 

at strong coupling

We computed the heavy-quark potential up to sub-leading order,  

confirmed by analytic calculation  by V. Forini. The strength of the 

potential is weakend as the 't Hooft coupling is reduced from 

infinity as is expected intuitively.  

We calculated dissociation temperatures Td of heavy quarkonium

states from  AdS/CFT 

The applicability of these results demand phenomenological work 

to explain them in a way which can be translated to QCD

Relativistic  correction to Td, next order  correction to jet 

quenching parameter  will  appear soon


