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PROJECTILE FRAGMENTATION AT RELATIVISTICENERGIES: A POSSIBILITY TO DETERMINE THEVISCOSITY OF NUCLEAR MATTER�B. Juradoa, K.-H. S
hmidta, F. Fargeta, T. Enqvista, F. Ameila,P. Armbrustera, J. Benlliureb, M. Bernas
, B. Mustapha
,L. Tassan-Got
, C. Stephan
, A. Boudardd, S. Lerayd,R. Legraind, C. Volantd, S. Czajkowskie and M. PravikoffeaGSI, D-64291 Darmstadt, GermanybUniversity Santiago de Compostela
IPN OrsaydCEA Sa
layeCEN Bordeaux-Gradignon(Re
eived De
ember 7, 1999)Up to now, the results on nu
lear vis
osity are rather 
ontradi
tory.Values of the dissipation 
oe�
ient between � � 0:5 � 1021s�1 and� � 20 � 1021s�1 have been dedu
ed from previous experiments. A new ex-perimental a

ess to the dynami
s of �ssion is given by peripheral nu
lear
ollisions at relativisti
 energies. This method has important advantageswith respe
t to the traditional ones, sin
e highly ex
ited nu
lei are pro-du
ed with low angular momenta and small shape distortions. Preliminaryresults of applying this pro
edure at GSI Darmstadt are presented.PACS numbers: 25.70.Mn 1. Introdu
tionIn the deex
itation pro
ess of a heavy ex
ited 
ompound nu
leus, parti
leevaporation 
ompetes with disintegration by �ssion. The mean evaporationtime is determined by the statisti
al model. Fission is the result of a di�usionpro
ess to large deformation, hen
e the system needs a time � to buildthe quasistationary �ow over the �ssion barrier. � depends on the nu
learvis
osity whi
h is expressed by �, the dissipation 
oe�
ient [2℄.Up to now, a large variety of experimental methods has been appliedto the study of the vis
osity: fusion [3℄ and fast �ssion [4℄, spallation [5℄,� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, PolandSeptember 1�11, 1999. (367)



368 B. Jurado et al.annihilation of anti protons [6℄, peripheral nu
lear 
ollisions in the Fermi-energy regime [7℄, et
. The main observables involved in these pro
eduresare the �ssion 
ross se
tions the pre- and post-s
ission neutrons [1℄, and thepre-s
ission GDR radiation [8℄.A new experimental approa
h to this subje
t is given by fragmenta-tion rea
tions at relativisti
 energies. Proje
tile fragments have parti
ularlywell de�ned properties sin
e they are produ
ed with low angular momenta(L< 20~ [9℄) and small shape distortions. This is the me
hanism we use toprepare highly ex
ited �ssile nu
lei in our experiment at GSI. By measur-ing the �ssion 
ross se
tions of these nu
lei and 
omparing them with thepredi
tions obtained by the statisti
al model, we determine the vis
osity forhigh ex
itation energies and small deformations.2. ExperimentFigure 1 shows the experimental set up.

Fig. 1. Experimental setup. Fission events produ
ed in the lead target are sele
tedby 
omparing the values of the energy-loss measured in the ICs pla
ed before andafter the target. The nu
lear 
harges of the two �ssion fragments are measuredby the double IC. The s
intillator and the TOF wall give the time of �ight of thefragments.A beam of 238U ions at 1 AGeV impinges on a lead target. Severaldete
tors are installed to register the �ssion of proje
tile fragments.The target is surrounded by two ionisation 
hambers (ICs). When �ssionis indu
ed in the target, the energy-loss in the se
ond 
hamber is redu
edby about a fa
tor of two. Be
ause of the relativisti
 energy of the �ssion-
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leus, the two �ssion fragments are eje
ted in forward dire
tion anddete
ted simultaneously in the double ionisation 
hamber with an e�
ien
y
lose to 100%. Measuring the energy-loss signals of both �ssion fragmentsin the double ionisation 
hamber we determine their nu
lear 
harges. How-ever, in order to improve the 
harge resolution, the energy-loss signal mustbe 
orre
ted for its dependen
e on the velo
ity. The velo
ity is obtained bymeasuring the time of �ight of the �ssion fragments with the s
intillator andthe TOF wall.On
e the nu
lear 
harges Z1 and Z2 of the �ssion fragments are obtained,the partial �ssion 
ross se
tions 
an be dedu
ed. These are de�ned by the�ssion yield measured for a spe
i�
 value of Z1+Z2 divided by the numberof ions in the in
ident beam and the number of target atoms per unit area.3. Preliminary resultsIn �gure 2, the preliminary partial �ssion 
ross se
tions are given in
omparison with theoreti
al predi
tions obtained by the Monte-Carlo 
odeABRABLA [2, 10, 11℄ for di�erent values of �.

Fig. 2. Partial �ssion 
ross se
tions as a fun
tion of the sum of the nu
lear 
harges ofthe �ssion fragments. The preliminary experimental values (full line) whi
h are notyet 
orre
ted for the 
harge resolution are 
ompared with theoreti
al predi
tionsfor di�erent values of �.Obviously, the data are very sensitive to the magnitude of nu
lear vis
os-ity. The Bohr�Wheeler assumption whi
h is based on the statisti
al modeloverestimates the �ssion 
ross se
tions. The in
lusion of vis
osity e�e
tsgives a better des
ription, espe
ially for � 
lose to 2 � 1021s�1.We �nally want to remark that this quantitative 
on
lusion is prelimi-nary, sin
e the data must still be 
orre
ted for parasiti
 rea
tions. Further-more, the in�uen
e of other model parameters on the theoreti
al 
al
ulation



370 B. Jurado et al.has to be studied, and the des
ription of the time dependen
e of the �ssionprobability, whi
h is now roughly represented in the 
ode by a step fun
tion,that means by a sudden in
rease from zero to the stationary value at time� , should be repla
ed by a more realisti
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