


~MSUCL-845
June, 1992

Color transparency and color opacity in nucleus-nucleus
collisions

G. Baym,”  L. l%ankfurt$”  and M: Strikman”*’

8) Department of Physics, University of Dlinois,  Urbana, IL 61801
b) Current address: Cyclotron Laboratory, Michigan  State University, E. Lansing, MI 48824
c) Current address: Department of Physics, Pennsylvania State University, University Park, PA
16802

~June  19,1992

What  dynamical roles do color degrees of freedom play in strong interactions? On the one
hand, color forces produce confinement of quarks and gluons in individual hadrons, spon-
taneously break chiral symmetry in nuclear and particle physics, and determine the stronz
interactions among hadrons. The existence of gluons is now well confirmed  in studies of hard
processes, which can be described by perturbative &CD.  On the other hand, the implications
of color degrees of freedom for the dynamics of hadrons, as  well as in the deconfinement  and
chiral restoration phase transitions, remains an open and important question. Color dy-
namics of nucleons,  and nuclei, can in fact be revealed in central nucleus-nucleus collisions.
The first way is through the phenomenon of color transparency in which a nucleon in a
small-size color configuration can propagate through nuclear matter with little scattering.[l]
The second is the effect of fluctuations of the internal color degrees of freedom on the global
properties of central collisions.[2]

The idea of ,color  transparency has its origins in the discovery by Perkins in 1955 of the
(D8litz)  decays in emulsion of cosmic-ray-produced neutral pions of mean energy of order 200
GeV  into an electron-positron pair and a photon.[3]  Remarkably, the ionization produced by
the pairs was small near the decay point, increasing with distance from the vertex. These
events confirmed 8n earlier suggestion of D. T. King that when the e-e+ pair is made, the
two particles are very close together on an atomic scale, so that they essentially neutralize
each other and influence the emulsion only through a tiny ,electric  dipole moment. Only
when the pair separates to atomic dimensions, which for a high energy pair takes a long
time owing to Lorentz time dilation, does the ionization from the pair become that of the
individual electron and positron.

The direct analog of the Perkins experiment in QCD is in deep inelastic electron-hadron
scattering, in which the electron produces a virtual photon which in turn produces a quark-
antiquark pair. Such pair processes dominate the scattering at small Bjorken I; the existence
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