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   Heavy-ion  Collisions@ RHIC & LHC: 

  sQGP--  the almost perfect fluid known /s>= .1-.2<<1 

 

 

 CDM :  High T_c  superconductor  

                   Cold atoms    ….. 

 

 

 

. 

     Motivations 

 

Experiments  aspect: 

Many interesting phenomena in QCD lie in  strongly coulped region 

 



Lattice QCD  

 

Continuum 

    (1)  Effective  Models:    (p)NJL、(p)QMC… 

 

     (2)  Field Theory:    DS E ,  FRGE,    HT(d)L ,    

                                     Chiral Perturbation, Sum rules  …. 

 

      (3)  AdS/CFT,   AdS/QCD 

 

                       

New theoretical  techniques needed! 
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AdS/CFT   has been applied  widely 

 

 Viscosity ratio,  /s. 

 Thermodynamics. 

 Jet quenching 

 Photon production                       Yaffe et al 

 Heavy quarkonium  (hard probe)         Maldacena 

 Thermalization , phase transition 

 Hardron spectrum (AdS/QCD)      (M. Huang’s talk) 

 AdS/CDM                Herzog, Gubser, Hartnoll 
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 Liu, Rajagopal and Wiederman 
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 Policastro, Son and Starinet 

 Gubser 
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            Type II B Super String theory  

                        on AdS5-BH×S5 

4dim. Large-Nc strongly coupled 

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

conjecture 

↔
 Witten ‘98  Maldacena ‘97  

AdS/CFT corerspondence 
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Basic Idea For AdS/CFT 

 Certain configuration in Higher Dimensional “AdS” Space  dual to a 

Quantum (Conformal) Field Theory on some surface in that space 

 Some complicated Field theory calculations become simple “geometric’ 

problems in higher dimensions 

7 



Maldacena conjecture: Maldacena, Witten 
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   The gravity dual of a Wilson loop at large          and large  cN
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the min.area of string world  

sheet in the 

Heavy quark potential  

Heavy quark potential  probes confinement  

hadronic phase and meson melting in plasma 
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Heavy quark potential at zero temperature 
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 world sheet at the minimum 

Maldacena 98 
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Rey, Theisen and Yee 

BH 

Heavy quark potential at a nonzero temperature 



Free energy: 

Potential: 

F-ansatz 

U-ansatz 
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Heavy quarkonium Dissociate Temperature  

Hou , Ren, JHEP0801:029 
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With deformed metric 
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Relativistic correction 

This lists the results of in MeV's, that we just considered the correction of  

the p^4 term, which increased the dissociation temperature. 

Wu, Hou , Ren ,  PRC 87 (2013),025203 

Guo, Shi, Zhuang ,PLB718 (2012)  
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Relativistic correction 

We wrote the state as: 

For J/Psi,the magnitude of 

the correction ranges from 

8% to 30%! 

Wu, Hou , Ren ,  PRC 87 (2013),025203 
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             Higher order corrections 

•   For real QCD, 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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Leading orders are strictly valid when                , cN   
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The type ⅡB superstring                                            N=4 SYM 

Wilson loop expectation The path integral of the  

string-sigma action 

Leading order  Classical limit 

Sub-leading order One loop correction 

Strong coupling 

expansion 

Semi-classical 

expansion 
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Gravity dual of a Wilson loop at finite coupling 
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Metsaev and Tseytlin 
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Partition function  at  finite T  with fluctuations  

Straight line： 

Parallel lines： 

Hou, Liu, Ren, PRD80,2009 
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  Chu,Hou, Ren,JHEP0908,(2009) 
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 Next Leading order Results  

Erickson etc. NPB582,2000 

 Confirmed by  Forini    JHEP 1011 (2010) 079  

-1.33460 



Next leading order potential at finite T 

Zhang,Hou, Ren,Yin    JHEP07:035（2011） 
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ZQ Zhang , Yan Wu, Defu  Hou,2015 

Heavy quarkonium Dissociate Td  with NL potential   



       Jet quenching  in  QGP     

2 ˆ 
2

LqNE C
S




 Baier, Dokshitzer, Mueller, 

 Peigne, Schiff (1996): 

reflects the ability of the medium to “quench” jets.  q̂
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Wiedemann  2000 

 

LTL  /1

A non-perturbative definition of   q̂
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 Leading order jet quenching parameter   from   AdS/CFT 

Liu, Rajagopal & Wiedemann,  PRL,97,182301(2006) 

Dipole amplitude:    two parallel Wilson lines in the light cone: 

3

0

/2

3

3
( )
4

5
( )
4

q T




 







3/2

3 1/2 1

3
( )
4 [1 1.97 ( )]

5
( )
4

q T O


  


 



  



25 

NL correction to jet quenching parameter   

Zhang, Hou, Ren, JHEP1301 (2013) 032 

Jet Collaboration, PRC 90,014909(2014)  

Agrees  with that  from data                                              
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G-L free energy of HSC 

Gubser,  Horowitz, Hartnoll,  Herzog  PRD78 (2008); PRL101 (2008)  
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G-L free energy of HSC 

Yin, Hou, Ren,  PRD91 (2015) 
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BCS    vs   Holographic Superconductor  

  Holographic Superconductor  

BCS    theory  

Yin, Hou, Ren,  PRD91 (2015) 

Grand Canonical                                                        Canonical                                                
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                    Summary and discussion 

AdS/CFT provides a useful  way to address the physics 

at strong coupling . 

 

Heavy quark potential  & Jet quenching parameter are 

computed  up to sub-leading order  from AdS/CFT 

 

We estimated the melting T with holographic potential 

and its relativitic correction 

 

The GL free-energy of HSC are derived  

 

The applicability of those  results demands 

phenomenological work to explain them in a way which 

can be translated to real QCD. 
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Thanks 



2-point correlators   from perturbation  

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

Continuum spectrum                                                 Bound sates  
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 Shear viscosity from AdS/CFT 

Graviton’s component         obeys equation for a minimally  

coupled massless scalar. But then                            . 

Since the  entropy (density) is 

D. Son, P. Kovtun, A.S 

 



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 tensor 

C

Policastro, Son & Starinets, 

JHEP0209(02)043 

6/7/2016 
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N_c 3branes 

AdS_5 X S^5 bulk 

AdS boundary z=0 
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