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In two different phase transition models of nuclear fragmentation we show that the emission
of preequilibrium particles and mixing of events from different classes cannot be ignored in the
analysis of nuclear fragmentation data in terms of cri t ical  exponents,  and we show how the apparent
values of the extracted exponents are affected.
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The premier goal of medium and high energy heavy-ion reactions is  the exploration of the nuclear phase diagram.
On theoretical grounds we expect infinite nuclear matter to undergo at least two distinct phase transitions. One is
the deconfinement  or quark-gluon-plasma phase transition. The other is a “liquid-gas” type phase transition. It is
believed to be offirst  order, terminating at the critical point in asecond  order transition. In nuclear multifragmentation
reactions one attempts to map out the liquid-gas coexistence region and locate the critical point.

The first dataset  to be interpreted in terms of critical exponents resulted from proton-induced spectator-
fragmentation of krypton and xenon targets [1,2]. However, it was  later shown in the framework of the percolation
model [3] that value of the “critical” exponent r observed in [1,2]  WBB  predominantly a result of mixing of different
event classa  and integration over  impact parameter. In addition, similar power-law behavior was  seen in classical
reaction dynamics simulations, where it was  shown to be inconsistent with matter going through the critical point
[4-61.

A significant step forward was  then taken by performing event-by-event analysis of the moments of the nww-  or
charge-distributions of the fragments [i’,S].  The result of this analysis of emulsion data suggested that nuclei break
up similar to percolation clusters [7].

It was hoped that the problem of impact parameter selection would be leas severe and therefore the critical exponents
easier to extract for participant fragmentation in symmetric heavy ion collisions. By focussing on very central collisions
as a function of beam energy, a minimum of the fit parameter X,  with ~(2,)  cc  Z;”  was  observed [S]. Thii confirmed
similar observations obtained from reversekinematics reactions [lo].  It had been predicted that this minimum would
correspond to the actual value of the critical exponent r [3].  However, theoretical calculations showed that there may
be significant topology effects such aa  the formation of bubbles and toroids  [ll-131  at work, changing the values of
the measured exponents [14].

At present, significant effort is also directed at the study of the moments of the fragment charge distribution in
reverse-kinematics reactions, where the rise and fall of multifragmentation was observed [10,15,16].  Recently the EOS
TPC collaboration used the reaction 1 A GeV  Au + C in an  attempt to reach the critical point of nuclear matter and
determine the critical exponents in the spectator fragmentation of the residue of the gold nucleus [17,18].

It is  generally agreed that the fragmentation process in proton-induced or revem&inematics  reactions proceeds
in two steps - a first pre-equilibrium step in which the participants interact and deposit excitation energy into the
spectators, and a second equilibrium step in which the excited (and hopefully equilibrated!) spectator residue decays.
To this end we have constructed a hybrid model, in which the pre-equilibrium energy deposition and rdsulting residue
size are calculated in the framework of an intra-nuclear  cascade (INC) model [19], and in which we calculate the decay
of the residue within a percolation model [3,8] or statistical multifragmentation model (SMM) [20]  framework. For
any given impact parameter the INC provides the charge and mass as well aa  the excitation energy per nucleon of
the spectator residue by calculating a sequence of individual nucleon-nucleon collisions and singleparticle  removals
from the nuclear potential well. It is worth noting that in central collisions the average residue charge is less than 49,
implying the emission of 30 preequilibrium charges.

The excitation energy can be converted into a percolation bond-breaking probability via [9]
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