
•  Single hadron production 
 - the suppressed production was predicted by saturation physics 
 - recent theoretical progress and running-coupling BK predictions 

•  Two particle correlations 
 - sensitive to modifications of the back-to-back hard emission pattern 
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the large-x hadron should be described by 
standard leading-twist parton distributions 

the small-x hadron/nucleus should be 
described by a Color Glass Condensate 

the cross-section: single gluon production 
probes only the (unintegrated) 

gluon distribution 



rcBK description of d+Au data 
Albacete and C.M. (2010) 

the shapes and normalizations are well 
reproduced, except the π0 normalization 

the speed of the x evolution and of 
the pT decrease are predicted 



rcBK description of d+Au data 
Albacete and C.M. (2010) 

 this fixes the two parameters of the theory: 
 - the value of x at which one starts to trust (and therefore use) the CGC description 
 - and the saturation scale at that value of x 

Note: in forward particle production in p+p collisions at RHIC (where NLO DGLAP fails), 
using this formalism to describe the (small-x) proton also works 

the shapes and normalizations are well 
reproduced, except the π0 normalization 

the speed of the x evolution and of 
the pT decrease are predicted 



Nuclear modification factors 
   in the absence of nuclear effects, i.e. if the gluons 

in the nucleus interact incoherently as in A protons 

Kopeliovich et al (2005), Frankfurt et al (2007) 

the suppressed production (RdA < 1) was predicted in the  
Color Glass Condensate picture of the high-energy nucleus 

note: alternative explanations (large-x 
energy loss effects) have been proposed 



extrapolation 
to pA at LHC 

warning: correct high-pT 
physics not in the formalism 

Altinoluk and Kovner (2011) 
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Di-hadron final-state kinematics 
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scanning the wave functions: 

central rapidities probe moderate x 
xp ~ xA < 1 
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forward/central doesn’t probe much smaller x 
xp ~ 1, xA < 1 

xp increases    xA ~ unchanged 
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scanning the wave functions: 

central rapidities probe moderate x 
xp ~ xA < 1 

forward/central doesn’t probe much smaller x 
xp ~ 1, xA < 1 

xp increases    xA ~ unchanged 

forward rapidities probe small x 
xp ~ 1, xA << 1 

xp ~ unchanged    xA decreases 



Forward di-hadron production 
b: quark in the amplitude 
x: gluon in the amplitude 
b’: quark in the conj. amplitude 
x’: gluon in the conj. amplitude 

C.M. (2007) 



Forward di-hadron production 

collinear factorization of quark density in deuteron  
Fourier transform k┴ and q┴ 
into transverse coordinates 

pQCD q → qg  
wavefunction 
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interaction with hadron 2 / CGC 
n-point functions that resums the powers of gS A and the powers of αS ln(1/xA) 

computed in principle with JIMWLK evolution 

Dominguez, C.M., Xiao and Yuan (2011)        gluon-initiated processes calculated recently 

C.M. (2007) 



the 2-point function is fully constrained 
by e+A DIS and d+Au single hadron data 

and 

Dealing with the 4-point function 
•  in the large-Nc limit, the cross section is obtained from 

•  in principle the 4-point function should be obtained from an 
evolution equation (equivalent to JIMWLK + large Nc) 

Jalilian-Marian and Kovchegov (2005) 
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•  in principle the 4-point function should be obtained from an 
evolution equation (equivalent to JIMWLK + large Nc) 

Jalilian-Marian and Kovchegov (2005) 

Dumitru and Jalilian-Marian (2010) 

•  in practice one uses an approximation that allows to express 
S(4) as a (non linear) function of S(2) C.M. (2007) 

this approximation misses some leading-Nc terms 

Schenke and Venugopalan (in progress) 

Dominguez, Xiao and Yuan (2010) they may become dominant for 

•  very recent results: 4-point function obtained from a numerical 
solution of the JIMWLK equation 

the so-called dipole approximation used in the calculation show  ~10% deviations 



Di-hadron azimuthal correlations 
the magnitude of the away-side peak, 

compared to that of the near-side peak, 
decreases from p+p to d+Au central 

this was predicted, and even though accurate calculations are still out of 
reach, the experimental signal is so stricking that it confirmed the effect 

⇒ the suppression of the away-side peak occurs when QS increases 

this happens at forward rapidities, 
but at central rapidities, the p+p and 

d+Au signal are almost identical 

Albacete and C.M. (2010) 



Di-hadron azimuthal correlations 
the magnitude of the away-side peak, 

compared to that of the near-side peak, 
decreases from p+p to d+Au central 

this was predicted, and even though accurate calculations are still out of 
reach, the experimental signal is so stricking that it confirmed the effect 

⇒ the suppression of the away-side peak occurs when QS increases 

this happens at forward rapidities, 
but at central rapidities, the p+p and 

d+Au signal are almost identical 

these new measurements may allow to constrain better the CGC 4-point functions 

forward di-hadron correlations measured in d+Au vs. p+p are consistent with saturation 
there is no explanation of the data that does not invoke saturation effects 

Conclusions 

Albacete and C.M. (2010) 


