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  Motivations

✦  the properties of matter at high T and density 

✦  so far studied from the first principles only by  

lattice gauge theory
  a limitation regarding fermions (the sign problem)

✦  effective string theories are no better and no   
worse than effective field theories



      Fundamental Lessons from String Theory

Vafa 



      Fundamental Lessons from String Theory

in QFT reduce to classical computations 
in String Theory.strings



Open/Closed String Duality

T

l l ! 1

At short distances - open strings stretched between two loops


At long distances - closed strings 


The mass ratio    


Boundaries

M2 = 4m2

Cylinder



What is going on in the QCD picture

T

l l ! 1

At short distances - singlet/antitriplet channel, with         the Debye mass


At large distances - the relation                   and exponential fall off 


 

Wilson loops L

mD

M = 2mD

hL†
(0)L(l) i ⇠ exp{�Ml}



The model: effective 5d string theory

5-dimensional Euclidean metric (the ansatz) and U(1) gauge field

It is a one-parameter deformation of the AdS black hole (charged). 
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Quark-Antiquark Case
String configurations:
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Quark-Quark Case
String configurations:
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We fit it to   Fqq = �↵qq
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We get    m = m0 , if a free parameter (due to the baryon vertex) is 

k = �0.1

Correlator:

hLL i
baryon vertex



Sample Models
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Kiritsis et al 
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this comes from the U(1) gauge field   

Andreev 
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with   At(0) = µ , At(rh) = 0



✦  How it works: closed string channel
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Finazzo-Noronha 

Yaffe et al 

AdS

non-conformal background and two additional free parameters



✦  How it works: pure SU(3) gauge theory

Karsch et al  
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the refined model works better

near the phase transition the classical (string) approximation becomes bad



✦ How it works: gauge theory with two flavors

Aoki et al 
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Tpc = 262MeV Tpc = 357MeV



✦ How it works: non-zero baryonic chemical potential

In lattice gauge theory, take small      and expand M in          

M(T, µ) =
X

n=0

M2n(T )
⇣ µ2

T 2

⌘n

In this way it is possible to compute a few terms only.        

µ µ2

T 2

The effective string theory allows more  



Why we need it



It is difficult not to agree with this


