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446 B. Zwieglinski et al.There is an inreasing amount of evidene [1,2℄ that multifragmentation(MF) in peripheral to semientral relativisti heavy-ion ollisions is a three-stage proess. A residue with an average exitation energy hE0i and massnumber hA0i is formed in the initial ontat stage of projetile-target inter-ation. A fration of hE0i and hA0i are then removed in the seond stage bylight-partile (LP; A = 1 � 4) emission. A breakup into intermediate-massfragments and LP's ourring on a short-time sale terminates the third stageand the residue's history. The appliability of thermodynamial onepts,suh as liquid-gas phase transition, to MF requires that the residue is inthermal and hemial equilibrium at the instant of its disassembly. Impliitto this requirement is an assumption that the residue's lifetime, throughoutwhih the onstituent nuleons form a self-bound system, is su�ient forequilibration to our.In the present ontribution we examine the validity of this assumptionin the three domains of residue exitation energy per nuleon hE0i/hA0i,orresponding to the liquid (hE0i/hA0i � 3 MeV), liquid-gas oexistene(3 � hE0i/hA0i � 10 MeV), and the gas (hE0i/hA0i � 10 MeV) branhesof the alori urve [3℄. The notion of a self-bound system is partiularlydi�ult to reonile with the residue deaying predominantly into LP's, thesituation enountered at exitation energies orresponding to the gas branhof the alori urve.The spetra of LP's used to draw the onlusions presented below origi-nate from the deays of target residues exited in 197Au + 197Au ollisionsat 1 GeV/u. They have been measured at �lab=150Æ to the beam diretionfor di�erent exitation energy bins quanti�ed with the aid of Zbound=�iZivalue, where the sum extends over atomi numbers Zi (Zi � 2) of the prod-uts of projetile fragmentation, simultaneously deteted with the ALADINforward spetrometer [2℄. Symmetry of the system with respet to the im-pat parameter, stemming from identity of the olliding nulei permits toassume that exitation energies of both the target and projetile are equalon the average.A omparison of the measured LP spetra with preditions of the Copen-hagen�Mosow Statistial Multifragmentation Model (SMM) [4℄ revealedsystematially inreasing deviations from the model spetra with dereasingZbound, i.e. inreasing exitation energy of the residue and with dereasingpartile mass [2℄. These trends suggested that surplus of LP yield over theequilibrium SMM referene originates from the seond (prebreakup) stagedue to preequilibrium emission proesses. A onlusion on their importanein 197Au + C ollisions at 1 GeV/u was previously reahed [1℄ based on thepresene of two distint omponents of proton distributions in the trans-verse momentum (pt)-rapidity plane, with the preequilibrium one extendingtowards muh larger pt.



Nonequilibrium Features of the Nulear Liquid-Gas Phase Transition 447Here we follow an approah alternative to [2℄. The spetra of pro-tons �ex(Ep) (see Fig. 1, left panel, open points) are �tted with a sumof two Maxwell-Boltzmann distributions with di�erent slopes, typi�ed bythe inverse-slope parameters, Tslope. An advantage of this proedure is thepreise quantitative determination of the relative ontributions of both om-ponents to the measured spetra. The low temperature omponent �lo, or-responding to the equilibrium proton emission, is indiated with the dottedline, while the high temperature omponent �hi, orresponding to the pree-quilibrium one, with the dashed line for the spetrum in bin 70 � Zbound� 80. Solid lines represent their sum for this and the remaining Zbound binsin Fig. 1. The total yields Ylo;hi, disussed below, result from integration of�lo;hi(Ep) over Ep. The three panels on the right-hand side of Fig. 1 sum-
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ZboundFig. 1. Energy spetra of protons for di�erent Zbound bins (left panel) and temper-atures, mean kineti energies and yield ratios (right panels).marize the parameters derived from the �ts for the low- (solid points) andhigh-temperature (open points) omponents, respetively. The temperatureparameters Tslope (upper panel) hange very little with Zbound, while the rel-ative intensity of the low-temperature omponent Ylo/Yhi+lo (lower panel)dereases rapidly with dereasing Zbound, to beome hardly disernible inthe experimental spetra with Zbound� 30. The average mass number hA0iof a residue with whih one deals for 0 � Zbound � 10 is about 40 and theaverage exitation energy per nuleon therein hE0i/hA0i � 24 MeV [5, 6℄.



448 B. Zwieglinski et al.The latter exeeds substantially the maximum energy hE0i/hA0i � 16 MeVattained in [3℄ at the lower projetile energy of 600 MeV/u, thus extendingthe gas branh of the alori urve towards higher exitation energies. Themagnitude of the �tted ratio Ylo/Yhi+lo at these low Zbound values, where thesignature of the evaporative events gradually disappears, ritially dependson the assumed shape of �hi(Ep) at low Ep. In order to keep at minimumthe number of free parameters in the �t, we have assumed that the latter isgoverned by the Coulomb barrier of the same height as the one for �lo(Ep).With this assumption we get approximately fourfold derease of Ylo/Yhi+lo(see the lower panel on the right-hand side of Fig. 1) from � 0.6 for 70� Zbound � 80 to � 0.15 for 0 � Zbound � 10. This apparently does notontradit an equilibrium emission from the above soure with hA0i � 40,ontaining about four times less protons than the target nuleus 197Au. Suhan interpretation for the derease of the evaporative proton yield is o�eredby SMM [2, 6℄. However, the e�et of the Coulomb barrier may well beattenuated in the preequilibrium proesses, beause of their diret nature.These will allow protons to be emitted into the sub-Coulomb region, thusleaving less or no room in the �t for �lo(Ep) at low Ep.A disappearane of the evaporative omponent from the proton spetramay indiate, therefore, that the residue lifetime beomes too short to reahthermalization as soon as some limiting exitation energy within the gasphase of the alori urve is exeeded. This might be a natural onsequeneof disappearane of a multifragmentation barrier, reated at lower exitationenergies by the attrative interfragment interations. Duration of the ontatand preequilibrium stages is � 50 fm/ aording to di�erent dynamialalulations, among whih Ref. [7℄ is a representative example. We onludetherefore that above this ritial energy the reated systems disassemble ona shorted time sale.In onlusion, the proton spetra emitted by the target residue in Au +Au ollisions at 1 GeV/u show two omponents with di�erent slopes, sup-porting the idea that multifragmentation proeeds in three stages at exita-tions overing the liquid and liquid-gas oexistene branhes of the aloriurve. The observed trend of dereasing relative ontribution of the evapo-rative omponent with inreasing exitation energy an be understood as aonsequene of dereasing size of the thermalized residue. Its disappearaneabove hE0i/hA0i � 15 MeV presents an alternative - either its magnitudebeomes too small to be resolved from the inreasing preequilibrium om-ponent or the residue lifetime beomes too short to ahieve thermalization.A similar study of neutrons should shed more light on this question.
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