The Color Glass Condensate – universal form of QCD matter.

The issue of x and Q2 dependence of parton distributions at very small values of Bjorken x variable is one of the most interesting and challenging problems in QCD related to our understanding of hadrons. The essential feature of small x physics is that the gluon density is very large. This high density gluons exist in a very coherent configuration, the Color Glass Condensate (CGC). 

The gluon density can be thought of as a momentum scale squared at saturation, Q2s. Here, the saturation means that the density of gluons approaches a fixed limit as x goes toward smaller values. The gluon phase space density in hadron or nucleus of radius R is given for p2T (  Q2s  by 
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 . Because the strong interaction coupling, (s, is evaluated at Q2s (( (QCD , the coupling is small ((s (( 1). This means that the quantum mechanical states of the system are multiply occupied and share some properties of Bose condensates -hence the gluons are in a condensate. The gluons at small x are generated from gluons at larger values of x and in the infinite momentum frame their natural time scales are Lorentz time dilated. This time dilated scale is transferred to the small x degrees of freedom which therefore evolve very slowly as compared to natural time scale - this is the property  of the glass. The gluons which make up this glass condensate are colored and now the Color Glass Condensate phrase has been explained.

The CGC is considered as an universal form of QCD matter which describes high energy strongly interacting particles and nuclei. While the QGP is the incoherent thermal limit of QCD matter at high temperature (see sec. 2.), the CGC is the coherent limit of QCD matter at high energies. If the QGP has been created at RHIC from the interaction of initial nuclear matter than the CGC has to be present also at RHIC collisions.

 The first observation  of the CGC signals was recently reported by the BRAHMS experiment group.  The BRAHMS experiment has studied the production of charged particles in d+Au collisions and compared their yields to those produced in p+p collisions scaled by the number of binary collisions. It was found that the particle production in this reaction evolve clearly from mid- to forward rapidity regions. In the mid-rapidity region  a Cronin type enhancement is observed above momentum of 2 GeV/c and in forward-rapidity an increasing suppression of particle production is seen as the pseudo-rapidity changes to 1, 2.2 and 3.2. Figure ?? shows the nuclear modification factors obtained at those four psedo-rapidities for d+Au collisions. This observation is in line with the CGC model prediction.  Another important BRAHMS experiment observation which is in accord with the CGC hypothesis is that the yield of positive charged hadrons exceeds the yield of negative charged hadrons at moderate pT .  Most recently the BRAHMS group showed a preliminary results of the analysis for the Au+Au collisions from the 2004 RHIC run. These results seems to be consistent with the persistence of high pT suppression into the pseudo-rapidity range  ( = 2.9 – 3.5. Thus, there may be two competing mechanisms responsible for the observed high pT suppression in energetic Au+Au collisions, each active in its particular rapidity window.

Besides the recent BRAHMS experiment findings the CGC hypothesis describes remarkably well generic properties of proton at small x measured in electron-proton collisions at HERA. Moreover, the unexpected slow growth of produced particle multiplicities with increasing (s and collision centrality is also well predicted by the CGC.  

In order to made the CGC hypothesis more solid the optimal region  for the suppression study (3 (  pT  ( 6 GeV at  0 (  (  ( 4) should be carefully analyzed by all four experiment.
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