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INDRA�GSIA STUDY OF THE REACTION MECHANISMSOF COLLIDING NUCLEI FORA WIDE RANGE OF ENERGY AND MASS �Ketel TurzóGesells
haft für S
hwerionenfors
hung mbHPlan
kstr. 1, D-64291 Darmstadt, Germanyfor the ALADIN and INDRA 
ollaborationsInstitutions: DAPNIA Sa
lay, GANIL Caen, GSI Darmstadt, INFN Catania,IPN Lyon, IPN Orsay, LPC Caen, SINS Warsaw, Univ. Frankfurt(Re
eived November 22, 1999)The 4�-multidete
tor INDRA was installed in GSI for one and a halfyears, in
luding three experimental periods between June 1998 and Mar
h1999. The goal of the experiments was to extend the study of the multi-fragmentation, of the liquid-gas phase transition of nu
lear matter and ofthe produ
tion and de
ay modes of highly ex
ited nu
lei to energies beyondthose previously studied at GANIL. This experimental 
ampaign pro
eededsmoothly and the analysis of the data is in progress.PACS numbers: 25.70.Pq 1. Introdu
tionThe 4�-multidete
tor INDRA was developped at the GANIL (Caen,Fran
e) by a 
ollaboration of Fren
h laboratories. This dete
tor o�ers op-timum 
apabilities for the simultaneous dete
tion of the numerous light
harged parti
les and nu
lear fragments that are emitted from heavy-ion
ollisions. A total of 640 individual dete
tors (ionization 
hambers, Si de-te
tors and CsI 
rystals) 
over 95% of the 4� solid angle (�gure 1) [1℄.Three 
ampaigns of INDRA at GANIL have been devoted to the studyof the produ
tion and de
ay modes of ex
ited nu
lei produ
ed with inter-mediate-energy heavy-ion beams. The 
ontinuation of these measurementsand their extension to higher beam energies has been one of the motivations� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, PolandSeptember 1�11, 1999. (393)
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Fig. 1. INDRA: a dete
tor assembly 
onsisting of 96 ionization 
hambers, 192sili
on dete
tors and 336 
rystals of 
esium iodide.for the re
ent 
ampaign at GSI (Darmstadt, Germany). Moreover, previousexperiments performed at GSI with the ALADIN spe
trometer show inter-esting eviden
es of a phase transition of nu
lear matter for mid-peripheralrea
tions. It is the hope that experimental signals for this phase transition
an be obtained from multifragmentation data. The highly ex
ited nu
learsystems required for these studies 
an be produ
ed in heavy-ion rea
tionswithin the energy range a

essible with the heavy-ion syn
hrotron SIS atthe GSI. 2. First preliminary resultsSeveral systems over a wide range of energies were studied during thisexperiment, Au+Au between 40 and 150 AMeV in June 1998, Xe+Sn be-tween 20 and 200 AMeV in September 1998, and �nally, in February 1999,C+Au and C+Sn between 95 and 1800 AMeV. Enri
hed targets of 112;124Snwere used in order to study isotopi
 e�e
ts.At the present stage of the analysis, only preliminary data from the CsIarray alone are available. These dete
tors permit parti
le identi�
ation withthe te
hnique of pulse shape analysis [1℄. In parti
ular, 
harged parti
les andfragments 
an be distinguished from the neutrons and gamma rays with alow threshold. Charged-parti
le multipli
ities obtained in this way from theCsI array should be a good approximation to the total multipli
ities be
auseof the low multipli
ity of slow fragments that do not rea
h the CsI dete
tors.They are shown in Fig. 2 for all four systems that were studied in the presentexperiments. All multipli
ity distributions have very similar shapes withrather large 
ross se
tions for small multipli
ities 
orresponding to the moreperipheral 
ollisions and with wide distributions extending to rather largemultipli
ities for the most 
entral 
ollisions. The highest multipli
ities of up



INDRA�GSI... 395to about 80 are observed for the Au+Au system at 100 and 150 AMeV. Witha total of 158 
harges in the 
ollision system, they 
orrespond to an average
harge of hZi = 2 and indi
ate that a nearly total vaporization has beena
hieved. In the Xe+Sn system with multipli
ities of up to about 60 theaverage 
harge in these most violent 
ollisions is even smaller. We furtherobserve, at this rather qualitative level, that the maximum multipli
ities for
entral 
ollisions evolve more rapidly for Au+Au between 40 and 80 AMeVand, in parti
ular, for C+Au between 95 and 300 MeV while, for the Xe+Snsystem, a saturation seems to be rea
hed already at the lower bombardingenergies 
overed by the present study. These observations should �t wellinto the systemati
s obtained from earlier studies of these and 
omparablesystems [2, 3℄.

Fig. 2. Measured multipli
ities for various systems and energies.The elemental and isotopi
 identi�
ation of the dete
ted parti
les andfragments is based on the energy losses measured with the ionization 
ham-bers and Si dete
tors (�lab � 45Æ) and on the pulse shape analysis of the CsIsignals. Figure 3 illustrates the quality of the isotopi
 resolution obtainedwith the te
hnique of pulse-shape analysis of the s
intillation signals pro-vided by the CsI dete
tors. Isotopes are resolved for elements up to Z = 4.Boron and 
arbon ions are resolved in some 
ases. Heavier elements willhave to be resolved with the �E � E te
hnique by using the signals fromthe ionization 
hambers and, for �lab � 45Æ, from the Si dete
tors. For most



396 K. Turzósystems, the abundan
e of heavier fragments de
reases rapidly with angle,and mostly hydrogen and helium fragments are dete
ted in the ba
kwardhemisphere. identi�
ation for the �rst eight rings shows all isotopes fromprotons to 13C. This number of dete
ted isotopes de
reases in inverse fun
-tion of the angle: in the ba
kward rings, only light parti
les until 4He arevisible.

Fig. 3. Light parti
le isotopi
 identi�
ation with a 
rystal of Cesium Iodide at�lab = 10Æ ranging from protons to 13C (10B and 11B were not resolved).3. OutlookWith the 
alibration and parti
le identi�
ation near 
ompletion, it maybe expe
ted that �rst physi
s results from the analysis of this 
omprehensiveset of data will appear at the beginning of the year 2000. It should be possibleto address a variety of questions of high 
urrent interest. Among those arethe onset and evolution of 
olle
tive radial �ow with bombarding energy forthe symmetri
 Au+Au and Xe+Sn systems [4℄, the invarian
e properties ofthe spe
tator de
ay over a wide range of bombarding energies for the C+Ausystem [5℄ [6℄, and the question of transparen
y versus full stopping in 
entral
ollisions of Xe+Sn at 100 AMeV where te
hniques similar to those reportedin [7℄ may be applied.
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