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Why qSUS?



Full/Quenched  Lattice QCD Full/Quenched  Lattice QCD Full/Quenched  Lattice QCD Full/Quenched  Lattice QCD 



(two flavor QCD)

Allton et al, Phys.Rev.D71:054508,2005

Signal of CEP?





Cheng et al, Phys.Rev.D79:074505,2009 



AdSAdSAdSAdS/QCD ?/QCD ?/QCD ?/QCD ?

hQCD in a nutshell





AdSAdSAdSAdS/CFT Dictionary/CFT Dictionary/CFT Dictionary/CFT Dictionary

• 4D CFT (QCD)  4D CFT (QCD)  4D CFT (QCD)  4D CFT (QCD)  �������� 5D 5D 5D 5D AdSAdSAdSAdS

• 4D generating functional 4D generating functional 4D generating functional 4D generating functional �������� 5D (classical) 5D (classical) 5D (classical) 5D (classical) 
effective  actioneffective  actioneffective  actioneffective  action

• Operator    Operator    Operator    Operator    �������� 5D bulk field5D bulk field5D bulk field5D bulk field

• [Operator] [Operator] [Operator] [Operator] �������� 5D mass5D mass5D mass5D mass

• Current conservation Current conservation Current conservation Current conservation �������� gauge symmetrygauge symmetrygauge symmetrygauge symmetry

• Large Q Large Q Large Q Large Q �������� small zsmall zsmall zsmall z

• Confinement Confinement Confinement Confinement �������� CompactifiedCompactifiedCompactifiedCompactified zzzz

• Resonances Resonances Resonances Resonances �������� KaluzaKaluzaKaluzaKaluza----Klein statesKlein statesKlein statesKlein states



LetLetLetLetLetLetLetLet’’’’’’’’s start from 2s start from 2s start from 2s start from 2s start from 2s start from 2s start from 2s start from 2--------flavor QCD at low flavor QCD at low flavor QCD at low flavor QCD at low flavor QCD at low flavor QCD at low flavor QCD at low flavor QCD at low 
energy andenergy andenergy andenergy andenergy andenergy andenergy andenergy and

attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,attempts to guess its 5D holographic dual,

AdSAdSAdSAdSAdSAdSAdSAdS/CFT dictionaries./CFT dictionaries./CFT dictionaries./CFT dictionaries./CFT dictionaries./CFT dictionaries./CFT dictionaries./CFT dictionaries.

(a) Hard wall model(a) Hard wall model(a) Hard wall model(a) Hard wall model



5D field contents5D field contents5D field contents5D field contents

Operator    Operator    Operator    Operator    ���� 5D bulk field5D bulk field5D bulk field5D bulk field

[Operator] [Operator] [Operator] [Operator] ���� 5D mass5D mass5D mass5D mass



SU(2)SU(2)SU(2)SU(2)LLLLXSU(2)XSU(2)XSU(2)XSU(2)RRRR gauge symmetry in AdSgauge symmetry in AdSgauge symmetry in AdSgauge symmetry in AdS5555

Current conservation Current conservation Current conservation Current conservation ���� gauge symmetrygauge symmetrygauge symmetrygauge symmetry

5D Symmetry5D Symmetry5D Symmetry5D Symmetry

Background: AdSBackground: AdSBackground: AdSBackground: AdS5555



ConfinementConfinementConfinementConfinement

Confinement Confinement Confinement Confinement ���� IR cutoff in 5IR cutoff in 5IR cutoff in 5IR cutoff in 5thththth directiondirectiondirectiondirection

PolchinskiPolchinskiPolchinskiPolchinski & & & & StrasslerStrasslerStrasslerStrassler, 2000, 2000, 2000, 2000



Hard wall modelHard wall modelHard wall modelHard wall model





Example: vectorExample: vectorExample: vectorExample: vector----vector vector vector vector correlatorcorrelatorcorrelatorcorrelator









1. thermal AdS:

2.  AdS black hole:

Transition between two backgrounds (De)confinement transition

Example: holographic Example: holographic Example: holographic Example: holographic deconfinementdeconfinementdeconfinementdeconfinement transitiontransitiontransitiontransition



(b) Retarded Green’s function

in hQCD



A way to obtain the retarded thermal GreenA way to obtain the retarded thermal GreenA way to obtain the retarded thermal GreenA way to obtain the retarded thermal Green’s functions functions functions function

Solving the Solving the Solving the Solving the EoMEoMEoMEoM of the bulk field with of the bulk field with of the bulk field with of the bulk field with inininin----falling boundary conditionfalling boundary conditionfalling boundary conditionfalling boundary condition



An example





dependent



From the first and second equations,

Now we are to solve the EoM for F(u) in the limit of  long-wave length and
low-frequency. 

In-falling BC





Then, we obtain



Following the procedure, we obtain 

G. Policastro, D. T. Son, and O. Starinets, JHEP09 (2002) 043

diffusion constant



T. Kunihiro, Phys. Lett. B 271, (1991) 395

qSUS with finite chemical potential



An AdS BH with U(1) charge



Y. Kim, Y. Matsuo, W. Sim, S. Takeuchi, and T. Tsukioka, hep-th/10015343
(hard wall, soft wall, D3/D7, D4/D8 with chemical potential or magnetic field) 







From D3/D7 model





Discussion

• Finite quark mass effect? (in progress)

• RN-AdS is describing QGP with non-
zero baryon number density? 

• What is the gravity background dual to 
QGP with/without density???

• Generic problem is of course to collect 
all large Nc leading corrections in a 
consisent way.


