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;e, D. Mahbouba, D. Ni
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a dell'Universitá, Catania, Italyd INFN � Sezione di Milano e Dip.to di Fisi
a dell'Universitá, Milano, Italye Centro Si
iliano di Fisi
a Nu
leare e Strutt. della Materia, Catania, Italyf Physi
s Department, University of Silesia, Katowi
e, Poland(Re
eived Mar
h 15, 2000)The 
onstru
tion of the multidete
tor CHIMERA designed to dete
tand identify 
harged parti
les and fragments emitted in heavy ion rea
-tions at intermediate energy is in progress and is 
oming to an end. The
onstru
tion of this multidete
tor is presented in this paper as well as thestatus of the proje
t.PACS numbers: 25.70.�z 1. Introdu
tionThis talk will be devoted to present the new experimental fa
ility thatis in progress at LNS Catania and whose 
onstru
tion is 
oming to an end.This fa
ility is a 4� dete
tor for 
harged parti
les named CHIMERA [1℄.� Presented at the Kazimierz Grotowski 70th Birthday Symposium �Phases of Nu
learMatter�, Kraków, Poland, January 27�28, 2000.(1489)



1490 F. Porto et al.At the beginning of the proje
t when we de
ided to build the new devi
efor heavy ion studies, we �rst of all, answered the questions why and forwhat purpose it had to be 
onstru
ted. Then, we de
ided how to 
onstru
tthe dete
tor, that means we de�ned the spe
i�
 
hara
teristi
s of the devi
e.In our 
ase the answer to the �rst question was to study the rea
tionme
hanisms in the intermediate energy range. In fa
t, we know that inthis energy range several experiments have shown the presen
e of a 
omplexmultifragmentation pro
ess of a hot nu
lear system formed in the early stageof the 
ollision in several massive 
lusters (IMF) and light parti
les (LCP) [2℄.Su
h a me
hanism appeared to form a bridge between the evaporation��ssion regime and the vaporization or explosion �re ball regime and now, itseems to be deeply related to basi
 properties of unexplored regions of thenu
lear equation of state (EOS) [3�5℄.So, the topi
al aspe
ts of the heavy ion physi
s in this energy rangeare: (i) multifragmentation, (ii) nu
lear equation of state, and (iii) phasetransitions of �nite nu
lear system.I shall not dis
uss the physi
s underlying the 
onstru
tion of the dete
torbe
ause other speakers at this symposium have done so. I will limit myselfto answer to the se
ond question: how did we build the dete
tor for studyingthe above mentioned topi
s?Three innovative aspe
ts of the new devi
e are relevant for multifrag-mentation studies [6℄:(a) geometri
al e�
ien
y;(b) number of dete
tion 
ells (granularity);(
) energy threshold.In ea
h of them CHIMERA introdu
ed signi�
ant improvements withrespe
t to the major 4� dete
tors presently in use at nu
lear physi
s labo-ratories. 2. General des
riptionChimera is the name of a mythologi
al animal whi
h presented itself asa 
ombination of di�erent animals: lion, goat and snake. Today the word
himera also means an impossible or idle fan
y.The name for our multidete
tor is an a
ronym for �Charged Heavy IonsMass and Energy Resolving Array� and dates ba
k to 1992, when some re-sear
hers from Catania started to design this dete
tion system supportedalso by external 
ollaborators as R. Bassini (INFN Milan), B. Cahan (CEASa
lay), J. Ri
hard (IPN Orsay), mainly for solving ele
troni
 problems. Atthe end of 1994 we re
eived a grant from INFN and we began the 
onstru
-tion of the devi
e. Now, after 5 years, we 
an assert that CHIMERA hasbe
ome reality.



Status and Perspe
tives of the 4� Charged Parti
les : : : 1491CHIMERA is made of about 1200 dete
tion teles
opes arranged in 35rings in a 
ylindri
al geometry around the beam axis. An assonometri
 viewof the me
hani
al stru
ture supporting the teles
opes and a 
ross se
tion ofthe multidete
tor are shown respe
tively in Fig. 1 and 2.

Fig. 1. Assonometri
 drawing of the CHIMERA multidete
tor
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Fig. 2. Cross se
tion drawing of CHIMERA. The number of teles
opes pla
ed in9 wheels between 1Æ and 30Æ is 688. The remaining 504 teles
opes are pla
ed ina spheri
al 
on�guration around the target.



1492 F. Porto et al.The forward 18 rings are paired and are assembled in 9 wheels, pla
edat distan
es from the target variable from 350 
m and 100 
m with thein
reasing polar angle and 
over the angular range 1Æ�30Æ. The remaining17 rings are assembled in su
h a way that they form a sphere 40 
m in radiusand 
over the angular range 30Æ�176Æ.The shape and dimensions of CHIMERA make it suitable for TOF te
h-niques measurements and enable a mass identi�
ation of the dete
ted inter-mediate mass fragments (IMF).The dete
tion unit (basi
 element) is a two stage teles
ope made of a 300mi
rons thi
k sili
on dete
tor and a CsI tallium doped 
rystal whose thi
k-ness is varying from 12 to 3 
m and is read by a photodiode.The primary experimental quantities measured are: energy loss, residualenergy and velo
ity when the range of the fragment is larger than the sili
ondete
tor thi
kness, and the total energy and velo
ity when the fragmentis stopped in the �rst stage of the teles
ope. Obviously, the polar andazimuthal angles are also measured with an angular resolution 
orrespondingto a solid angle 
overed by a single dete
tion 
ell variable from 0.13 msr atvery forward angles to about 27 msr, around 90Æ.Great 
are in the design has been devoted to redu
e the dead surfa
eof the teles
opes. In parti
ular the wheels trapezoidal sili
on dete
tors (seeFig. 3) are divided into two pads, ea
h 
orresponding to one CsI 
rystal and
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  PCB mountingFig. 3. Sili
on dete
tor view. The proportionality of the real dimensions is notrespe
ted.



Status and Perspe
tives of the 4� Charged Parti
les : : : 1493have only one frame along the larger base of the trapezium to 
onne
t themto the supporting stru
ture. The sphere the sili
on dete
tors are 
onne
tedby means of a very thin PVC frame to metalli
 boxes, whose walls are 0.5mm thi
k , whi
h are supported by a spheri
al stru
ture 60 
m in radius.Along the border of ea
h pad 0.6 mm large, runs a guard ring in order towarrant good uniformity of the ele
tri
 �eld.Considering entran
e and exit beam holes and the shadow produ
ed bythe target frame an overall solid angle 
overing of about 94% is obtained.The geometri
al features of CHIMERA are summarized in Table 1 of Ref. [1℄.3. Dete
tion te
hnique and performan
esThe high dete
tion e�
ien
y and the low value of the multihit probabil-ity, due to the high granularity of the devi
e produ
e a lever e�e
t on thetotal re
onstru
tion probability of the 
ollision pattern. In fa
t, sto
hasti
simulations of the probability for a 
omplete dete
tion of the fragments, as-suming isotropi
al emission, gave a value about ten times higher with respe
tto the one 
al
ulated for the INDRA multidete
tor operating at present atGANIL, as we 
an see by looking at Fig. 4.

Fig. 4. Total re
onstru
tion probability of the 
ollision pattern versus the numberof dete
tion 
ells. Ea
h line 
orresponds to the geometri
al e�
ien
y value of thearray.An illustration of the way CHIMERA works on identifying the fragmentsdete
ted with a 300 
m path of �ight (wheel No 2) is roughly presented inFig. 5, where energy versus mass of fragments is reported and reasonableenergy and time resolutions of 1% and 1 nse
, respe
tively, have been as-sumed.
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Fig. 5. The way CHIMERA works. Explanation is given in the text.The growing 
urve from left to right represents the energy threshold dueto the sili
on dete
tors thi
kness. This means that only fragments falling inthe areas A and C 
an be identi�ed in respe
t to their 
harge.The lower de
reasing line represents the limit for whi
h the time of �ightte
hnique allows mass identi�
ation with a resolution better than 1 a.m.u.(M=DM > M): this means that fragments falling in the areas B and C 
anbe fully resolved in respe
t to their mass.It is worthwhile to stress that in the area C the fragments are identi�edboth in 
harge and in mass, and that in this area fall, on average, theintermediate mass fragments emitted in rea
tions between heavy ions atintermediate energy. Anyway, sin
e we measure the velo
ity, it is possibleto get mass information, by means of 
areful 
alibrations, also from largerareas like the D strip, where mass resolution varies between 1 and 2 a.m.u.(M >M=DM > M=2).Many tests had been performed on single CsI 
rystals [7℄ and sili
ondete
tors [8, 9℄ having similar 
hara
teristi
s of the �nal ones (large areasili
on dete
tors, for instan
e, giving 
apa
itan
e values as high as 1000 pF)prior to 
onstru
ting the devi
e.Spe
ial ele
troni
s modules have been designed to de�ne very stringentperforman
es, namely the time and energy resolution for 
harge and massidenti�
ation, and a very low dete
tion threshold assuring at the same timea dynami
al range as high as 4000, when 
oupled with our dete
tors.A data a
quisition system based on a VME ar
hite
ture [10�12℄, andsuitable 
ontrol and triggering methods [13℄ were spe
ially designed, devel-oped and 
arefully tested.



Status and Perspe
tives of the 4� Charged Parti
les : : : 1495The isotopi
 identi�
ation of the high energy light 
harged parti
les(LCP) was performed by means of pulse shape te
hnique using a two-gateintegration method whi
h takes advantage of the two 
omponents of thedisplay light emitted by the CsI(Tl) 
rystals.A more 
omplete test involving also the data a
quisition system was per-formed 
ollaborating with GANIL. In order to investigate energy dissipationin binary 
ollisions at intermediate energy the �rst wheel of CHIMERA was
oupled with INDRA dete
tor. Typi
al matrix giving heavy ion 
harge andmass identi�
ation relative to this experiment are shown in Fig. 6 and 7,respe
tively.

Fig. 6. Charge identi�
ation matrix obtained by a CHIMERA teles
ope in the E273experiment 
arried out at GANIL. Upper side: Ampl. X1. Lower side: Ampl. X8.
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Fig. 7. Mass identi�
ation matrix; time versus energy loss in the sili
on dete
tor(the �rst stage of a CHIMERA teles
ope) in the E273 experiment 
arried out atGANIL. 4. Status and perspe
tiveIn 1999 the nine wheels with their 688 teles
opes had been assembled in abig multipurpose va
uum 
hamber and 
onne
ted to the front end ele
troni
sand to the data a
quisition system. An internal and external view of theCHIMERA multidete
tor ready to run is shown in Fig. 8 and 9.Sili
on dete
tors and CsI(Tl) 
rystals 
alibrations had been performedby means of several Tandem and Cy
lotron heavy ion beams. Final energyand time resolutions using the RF ma
hine, were measured and, for sometypi
al beams and energies, are shown in Figs. 10, 11 and 12.Within the REVERSE experiment we s
heduled a set of measurements tostudy multifragmentation and the e�e
ts of isospin degree of freedom on thisme
hanism and the dynami
al �ssion in some heavy ion rea
tions in reversekinemati
s, su
h as 112;124Sn + 58;64Ni and 27Al at 25 and 35 MeV/A, and238U +Au and Al, where the parti
les and fragments produ
ed are fo
usedin the forward dire
tion 
overed by this part of the multidete
tor (1Æ�30Æ).
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Fig. 8. An external view of the 9 forward wheels of CHIMERA (688 teles
opes)assembled and 
abled inside the CICLOPE va
uum 
hamber at LNS.

Fig. 9. An internal view of the 9 forward wheels of CHIMERA (688 teles
opes)assembled and 
abled inside the CICLOPE va
uum 
hamber at LNS.
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Fig. 10. Sili
on dete
tor energy resolution measured for the elasti
 peak in the58Ni+197Au and 93Nb+197Au rea
tions at 15.5 MeV/A.A few of beam sheets have already been used for the program that shouldbe 
arried out in the �rst months of 2000. Some results showing heavy ion
harge identi�
ation and the LCP isotopi
 identi�
ation are presented inFig. 13 and 14, respe
tively.When the REVERSE experiment will be 
ompleted the whole dete
torwill be pla
ed in its own va
uum 
hamber.The perspe
tive of CHIMERA is to perform at LNS 
ru
ial experimentsthat will be planned next year in order to better understand the 
omplexphenomena o

urring in nu
lear rea
tions at intermediate energies and to
ontribute to solve important and still open questions in the �eld of theheavy ion physi
s.
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Fig. 11. CsI(Tl) s
intillator energy resolution measured for the elasti
 peak in therea
tion 93Nb+197Au at 15.5 MeV/A.
124Sn + 197Au 35 MeV/A

Ring 1 Mod. 01I

∆T = 1.0 ns

Time of flight (a.u.)

Y
ie

ld
 (

a.
u.

)

Fig. 12. Elasti
 peak time resolution measured for the rea
tion Sn+Au at35 MeV=A.
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Fig. 13. Charge identi�
ation matrix obtained in the �rst run of REVERSE exper-iment, 124Sn+64Ni at 25 MeV/A, 
arried out at LNS. Upper side Ampl. X1, lowerside Ampl. X8. TABLE IINDRA CHIMERAExperimental Method �E �E � E �E �E + TOFDete
tors Gas+Si+CsI Si+CsIGas+CsI�
 /A� 90% 94%Identi�
ation Charge (Z � 50) Charge (Z � 50)Mass � 25Number of modules 400 LCP 1200 LCP and HI180 HIThreshold 1 AMeV 0.5 AMeVAngular range 2Æ � 178Æ 1Æ � 176Æ
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Fig. 14. Isotopi
 identi�
ation of light 
harged parti
les (LCP) in the CsI(Tl) de-te
tor by using the pulse shape method of the photodiode signal, in the �rst run ofREVERSE experiment, 124Sn+64Ni at 25 MeV/A 
arried out at LNS. Lower sideis a zoom of the upper side.For su
h a program, we 
an reasonably assume that CHIMERA mightbe fully working at the end of summer 2001.I �nish the presentation of this powerful devi
e by resuming in Table I,its typi
al features and performan
es 
ompared with those of INDRA in usefor the time being in this �eld of resear
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