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The gluon density in the nucleon has been measured at HERA over a very broad range in the momentum fraction x.  At small x, parton splitting causes the gluon density to grow rapidly.  This growth can not continue indefinitely due to unitarity limits.  Thus, it has long been recognized that the gluon density in the nucleon must saturate at some scale, but the momentum fraction where this occurs is not yet experimentally well determined.

Heavy nuclei provide an ideal laboratory to explore gluon saturation.  The gluon density per unit transverse area is amplified by a factor of ~A1/3 relative to that in the nucleon, so saturation effects should become apparent at larger x in nuclei than in the nucleon.  This is best studied with d(p)+A collisions at forward rapidity, where the low-x gluons in the heavy nucleus are probed using the high-x partons in the proton or deuteron.  Data from all four RHIC experiments demonstrate that inclusive particle yields in d+Au collisions are strongly suppressed at forward rapidity relative to those in p+p collisions.  The likely explanation for these results is that the onset of gluon saturation in the Au nucleus occurs in the region x = 0.001~0.01 that is probed at RHIC.  However, several other mechanisms have been proposed that are also consistent with the measurements to date.  Thus, more detailed studies are required to elucidate the underlying dynamics.  Multi-particle correlation measurements will be particularly informative.  In conventional perturbative QCD, hard scattering processes are dominated by di-jets from 2→2 parton elastic scattering.  In contrast, gluon saturation models predict that forward particle production will be dominated by multiple scattering of energetic partons off the gluon field of the nucleus, leading to the appearance of mono-jets.  Detector upgrades to PHENIX and STAR will facilitate a search for mono-jets in d+Au collisions and direct measurements of the gluon density in the Au nucleus within the next few years.  Depending on what is learned, follow-up studies will include direct photon and di-lepton measurements.  These rare probes, which will permit more precise, quantitative comparisons to theory, will require RHIC II luminosities.
It is essential for us to determine if gluon saturation is the correct explanation for the existing RHIC data.  The saturation scale represents a fundamental property of hadrons and nuclei.  Indeed, one saturation theory that has been quite successful, the color glass condensate, predicts that there exists a universal wave function for hadronic matter at sufficiently high energy or small x.  Even if gluon saturation does not prove to be the correct explanation, it is nonetheless crucial to determine the gluon density at small x in the Au nucleus if one hopes to understand the initial state in Au+Au collisions at RHIC and its rapid evolution from a highly non-equilibrated system to a thermalized one.
RHIC is uniquely situated to explore this phenomenon.  We know that the gluon density ultimately must saturate, but a fundamental question is:  When does it occur?  For example, the gluon density at the saturation momentum controls such basic properties of heavy-ion collisions as the multiplicity.  To observe the onset of saturation, it’s essential to be able to turn it on and off.  This will likely be possible at RHIC.  This would also make RHIC the ideal laboratory to explore the underlying mechanism for saturation.  In contrast, particle production in heavy-ion collisions may occur deep within the saturation regime over most of the kinematic region that will be accessible at the LHC.  If that proves to be the case, then (a) it will be very difficult to turn saturation effects off at the LHC, and (b) it will be essential to quantify the saturation effects independently in order to distinguish between initial-state saturation effects vs. final-state plasma effects in Pb+Pb collisions at the LHC.
