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Outline 

• Motivation 

• High energy QCD with a virtual photon  

• Deep inelastic scattering in gauge/string duality 

• Jets in the vacuum 

• Jets at finite temperature  

 



Why AdS/CFT? 

• Perturbative QCD very successful for hard processes.  

     Why bother AdS? 

 

• Regge (small-x)  scattering historically important for 
strings. New perspectives from AdS/CFT?  

 

• Possible applications to strongly coupled QGP at RHIC, 
and hidden conformal sectors at the LHC  (Strassler) 



Spacelike photon—Deep inelastic scattering 
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Parton distribution function 



Hard (BFKL) Pomeron 
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`Phase diagram’ of QCD 
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Timelike photon—Jets in QCD 

 In e+e- annihilation, some of the most  

stringent tests of pQCD have been done.   
High pt jets at the LHC could be an 

important discovery channel of BSM 



Number distribution inside a jet 
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Jets in heavy-ion collisions 

High energy particles are a diagnostic tool of  
the strongly coupled quark gluon plasma 
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Target localized 
at large  z 

DIS at strong coupling 
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Large-x：No partons ! 

At large-x, a hadron scatters as a whole. 

Double trace operators dominate the OPE at large-x. 



SUGRA 

SUGRA 

SUGRA 

'

Twist-two operators :                       , , contribution strongly suppressed.  °(j) » ¸1=4

OPE 



Small-x : Regge scattering 
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            Spacelike anomalous dimension in N=4 
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`Phase diagram’ at strong coupling 
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Fits to the HERA       data 
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e+e- annihilation in N=4 SYM  



Energy correlation function 
Hofman, Maldacena (2008) 

Energy distribution is spherical for any 
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There are no jets ! 
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Energy distribution at strong coupling 
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Timelike anomalous dimension 

Fragmentation function 
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Time-evolution in the final state 
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The same as the size of the whole system. 
 No pointlike structure at strong coupling.   



Jets at finite-T : Jet quenching in N=4 



Jet quenching at weak coupling 
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Jet quenching at strong coupling 
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Solve the Maxwell equation  
 
                                 in the background of Schwarzschild AdS_5  



‘low energy’                                          ‘high energy’ 

Effective Schrodinger equation 
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Stopping distance and spacetime evolution 
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High energy 
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Arnold, Vaman (2011); 1203.6658 [hep-th] 
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Conclusions 

• AdS/CFT offers an interesting framework to 
study nonperturbative aspects of high energy 
processes.  

 

• Beware, some features are completely 
different from QCD.  

 

• At strong coupling, all the interesting physics is 
at small-x due to the strong fragmentation. 


