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One can calculate the change of the wave-function (its
‘evolution’), not the wave-function itself -> Evolution
equations (with respect to directions of enhanced emission):

Radiation and multiplication of partons

DGLAP BFKL



Growth of structure functions is tamed by
non-linear evolution

[Gribov, Levin, Ryskin,83’- Mueller, Qiu, 86’]  
Emergence of a scale: the saturation momentum

More elaborate equations have been derived (BK, JIMWLK, ..)

(More on these soon !)

[Gribov, Levin, Ryskin,83’]

For instance, 



Saturation

The qualitative picture 



Seeing saturation in DIS

(from Kovchegov)

(Golec-Biernat, Wüsthoff, 98’) 



CGC and Glasma



During interaction process, the field A of the target is frozen 
(separation of scales - adiabatic approximation)

Focus on small x (or rapidity) evolution



McLerran Venugopalan Model

‘Classical CGC’

Capture some features of saturation

(frozen source)

Gaussian average over color source

But no evolution. Often used as ‘initial condition’. 



Classical Gluon Distribution

A good object to plot is
the classical gluon
distribution multiplied by
the phase space kT:

 Most gluons in the nuclear wave function have transverse
momentum of the order of kT ~ QS and 
 We have a small coupling description of the whole wave 
function in the classical approximation. 

3/12 ~ AQS

(Kovchegov)



(Gelis)

From the wave function to the initial stage of 
nucleus-nucleus collisions : the Glasma





Phenomenology

CGC calculations and
‘CGC inspired’ models

confronted to data



DEEP INELASTIC SCATTERING
(Diffraction)



(Golec-Biernat,Kwiecinski,Stasto)

Geometrical scaling



(H. Kowalski)



(S. Forte) 



Geometric scaling from DGLAP

From F. Caola, in arXiv 0901.2504



Nucleus-nucleus collisions
Proton-nucleus collision 



Particle multiplicities



600   1200

PHOBOS Central Au+Au (200 GeV)

Compilation by K. Eskola

Total multiplicities 





(Albacete)



(Dumitru)



(Dumitru)



Limiting fragmentation



« Extended longitudinal scaling » 
(Busza)



(Stasto)



(Stasto)







The Glasma and rapidity correlations



(Ray)



Rapidity correlations are established at early times

(Gelis)

The glasma has such correlations 
(but other models also - Pajares/Milhano) 



(Gavin)



(Lappi)



(Alver)



(Dumitru)



Forward rapidity



(Albacete)



Forward di-jet production

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

pQCD q → qg 
wavefunction

b: quark in the amplitude
x: gluon in the amplitude
b’: quark in the conj. amplitude
x’: gluon in the conj. amplitude

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

computed with JIMWLK evolution at NLO (in the large-Nc limit),
and MV initial conditions no parameters

(Marquet)



Monojets in central d+Au
• in central collisions where QS is the biggest

there is a very good agreement of the
saturation predictions with STAR data

suppressed away-side peak

an offset is needed to
account for the background

• the focus is on the away-side peak

where non-linearities have the biggest effect

to calculate the near-side peak, one
needs di-pion fragmentation functions

standard (DGLAP-like) QCD calculations cannot reproduce this

Albacete and C.M., to appear

(Marquet)



(Strikman)



J/Psi



(Kopeliovich)



(Qiu)



(Tuchin)



Summary


