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The construction of the multidetector CHIMERA designed to  detect 
and identify charged particles and fragments emitted in heavy ion reac
tions at intermediate energy is in progress and is coming to  an end. The 
construction of this multidetector is presented in this paper as well as the 
status of the project.

PACS numbers: 25.70.-z

1. Introduction

T his ta lk  will be  devoted to  present th e  new experim ental facility  th a t  
is in progress a t LNS C atan ia  and whose construc tion  is com ing to  an end. 
T his facility  is a 4 7r de tec to r for charged partic les nam ed C H IM ER A  [1].

* Presented a t the Kazimierz Grotowski 70th Birthday Symposium “Phases of Nuclear 
M atter”, Kraków, Poland, January  27-28, 2000.



At th e  beginning of th e  p ro jec t w hen we decided to  build  th e  new device 
for heavy ion studies, we first of all, answered th e  questions why and  for 
w hat purpose it had  to  be construc ted . T hen , we decided how to  construc t 
th e  detecto r, th a t  m eans we defined th e  specific characteristics of th e  device.

In our case th e  answ er to  th e  first question  was to  s tu d y  th e  reaction 
m echanism s in th e  in term ed iate  energy range. In fact, we know th a t  in 
th is  energy range several experim ents have shown th e  presence of a com plex 
m ultifragm entation  process of a ho t nuclear system  form ed in th e  early  stage 
of th e  collision in several m assive clusters (IM F) and light partic les (LC P) [2]. 
Such a m echanism  appeared  to  form  a bridge betw een th e  ev ap o ra tio n - 
fission regim e and th e  vaporization  or explosion fire ball regim e and now, it 
seems to  be  deeply re la ted  to  basic properties of unexplored regions of the  
nuclear equation  of s ta te  (EOS) [3-5].

So, th e  top ical aspects of th e  heavy ion physics in th is energy range 
are: (%) m ultifragm entation , (ii) nuclear equation  of s ta te , and (iii) phase 
tran sitio n s of finite nuclear system .

I shall no t discuss th e  physics underly ing th e  construc tion  of th e  detec to r 
because o ther speakers a t th is  sym posium  have done so. I will lim it m yself 
to  answ er to  th e  second question: how did  we build  th e  de tec to r for s tudying  
th e  above m entioned topics?

T hree innovative aspects of th e  new device are relevant for m ultifrag
m en tation  stud ies [6 ]:

(a) geom etrical efficiency;
(b) num ber of detection  cells (granularity);
(c) energy threshold .

In each of them  C H IM ER A  in troduced  significant im provem ents w ith 
respect to  th e  m ajo r 4 7r detec to rs presen tly  in use a t nuclear physics labo
ratories.

2. General description

Chimera is th e  nam e of a m ythological anim al which presented itself as 
a com bination of different anim als: lion, goat and  snake. Today th e  word 
chimera also m eans an  im possible or idle fancy.

T he nam e for our m u ltidetecto r is an  acronym  for “C harged H eavy Ions 
M ass and Energy Resolving A rray” and d ates back to  1992, w hen som e re
searchers from  C atan ia  s ta rted  to  design th is  detection  system  supported  
also by ex ternal co llaborators as R. Bassini (IN FN  M ilan), B. C ahan  (CEA 
Saclav), J . R ichard  (IPN  O rsav), m ainly  for solving electronic problem s. At 
th e  end of 1994 we received a g ran t from  IN FN  and we began  th e  construc
tion  of th e  device. Now, after 5 years, we can assert th a t  C H IM ER A  has 
becom e reality.



C H IM ER A  is m ade of ab o u t 1200 detection  telescopes arranged  in 35 
rings in a cylindrical geom etry around th e  beam  axis. An assonom etric view 
of th e  m echanical s tru c tu re  su p porting  th e  telescopes and a cross section of 
th e  m u ltidetecto r are shown respectively in Fig. 1 and 2.

Fig. 1. Assonometric drawing of the CHIMERA multidetector

Fig. 2. Cross section drawing of CHIMERA. The number of telescopes placed in 
9 wheels between 1° and 30° is 6 8 8 . The remaining 504 telescopes are placed in 
a spherical configuration around the target.



T he forw ard 18 rings are paired  and  are assem bled in 9 wheels, placed 
a t d istances from  th e  ta rg e t variable from  350 cm and 100 cm  w ith  the  
increasing po lar angle and cover th e  angular range l° -3 0 ° . T he rem aining 
17 rings are assem bled in such a way th a t  th ey  form  a sphere 40 cm  in radius 
and  cover th e  angular range 30°-176°.

T he shape and  dim ensions of C H IM ER A  m ake it su itab le  for T O F  tech
niques m easurem ents and enable a m ass identification of th e  detec ted  in ter
m ediate  m ass fragm ents (IM F).

T he detection  u n it (basic elem ent) is a two stage telescope m ade of a 300 
m icrons th ick  silicon detec to r and a C sl ta llium  doped crysta l whose th ick
ness is varying from  12 to  3 cm  and  is read  by a photodiode.

T he p rim ary  experim ental quan tities  m easured are: energy loss, residual 
energy and  velocity when th e  range of th e  fragm ent is larger th a n  th e  silicon 
d e tec to r thickness, and  th e  to ta l energy and  velocity when th e  fragm ent 
is s topped  in th e  first s tage of th e  telescope. Obviously, th e  po lar and 
azim uthal angles are also m easured w ith  an  angular resolution corresponding 
to  a solid angle covered by a single detection  cell variable from  0.13 m sr a t 
very forw ard angles to  ab o u t 27 m sr, around 90°.

G reat care in th e  design has been devoted to  reduce th e  dead  surface 
of th e  telescopes. In p articu la r th e  wheels trapezo idal silicon detec to rs (see 
Fig. 3) are divided in to  two pads, each corresponding to  one C sl crysta l and

63 mm-

Fig. 3. Silicon detector view. The proportionality of the real dimensions is not 
respected.



have only one frame along the larger base of the trapezium  to connect them  
to the supporting structure. The sphere the silicon detectors are connected 
by means of a very th in  PVC frame to metallic boxes, whose walls are 0.5 
mm thick , which are supported by a spherical structure 60 cm in radius. 
Along the border of each pad 0.6 mm large, runs a guard ring in order to 
w arrant good uniformity of the electric field.

Considering entrance and exit beam  holes and the shadow produced by 
the target frame an overall solid angle covering of about 94% is obtained. 
The geometrical features of CHIM ERA are summarized in Table 1 of Ref. [1].

3. D etection  technique and perform ances

The high detection efficiency and the low value of the m ultihit probabil
ity, due to  the high granularity of the device produce a lever effect on the 
to ta l reconstruction probability of the collision pattern . In fact, stochastic 
simulations of the probability for a complete detection of the fragments, as
suming isotropieal emission, gave a value about ten times higher with respect 
to  the one calculated for the INDRA m ultidctcctor operating at present at 
GANIL, as we can see by looking at Fig. 4.

Fig. 4. Total reconstruction probability of the collision pattern versus the number 
of detection cells. Each line corresponds to the geometrical efficiency value of the 
array.

An illustration of the way CHIM ERA works on identifying the fragments 
detected with a 300 cm path  of flight (wheel No 2) is roughly presented in 
Fig. 5, where energy versus mass of fragments is reported and reasonable 
energy and tim e resolutions of 1% and 1 nscc, respectively, have been as
sumed.



MASS se p a ra tio n  vs E/A

M A S S

Fig. 5. The way CHIMERA works. Explanation is given in the text.

T h e  growing curve from  left to  righ t represents th e  energy th resho ld  due 
to  th e  silicon detecto rs thickness. T h is  m eans th a t  only fragm ents falling in 
th e  areas A and C can be identified in respect to  th e ir charge.

T h e  lower decreasing line represen ts th e  lim it for which th e  tim e of flight 
technique allows m ass identification w ith  a  resolution b e tte r  th an  1 a.m .u . 
( M / D M  > M):  th is  m eans th a t  fragm ents falling in th e  areas B and C can 
be fully resolved in respect to  th e ir m ass.

I t  is w orthw hile to  stress th a t  in th e  area  C th e  fragm ents are identified 
b o th  in charge and in m ass, and th a t  in th is area  fall, on average, th e  
in term ed iate  m ass fragm ents em itted  in reactions betw een heavy ions a t 
in term ed iate  energy. Anyway, since we m easure th e  velocity, it  is possible 
to  get m ass inform ation , by m eans of careful ca lib rations, also from  larger 
areas like th e  D strip , where m ass resolution varies betw een 1 and 2 a.m .u . 
( M  >  M / D M  >  M /2 ) .

M any tes ts  had  been perform ed on single C sl c rysta ls [7] and silicon 
d etec to rs [8 , 9] having sim ilar characteristics of th e  final ones (large area  
silicon detec to rs, for instance, giving capacitance values as high as 1 0 0 0  pF ) 
p rior to  co nstruc ting  th e  device.

Special electronics m odules have been designed to  define very stringen t 
perform ances, nam ely  th e  tim e and energy resolution for charge and m ass 
identification, and a  very low detection  th resho ld  assuring a t th e  sam e tim e 
a  dynam ical range as high as 4000, w hen coupled w ith our detectors.

A d a ta  acquisition system  based on a  V M E arch itectu re  [10-12], and 
su itab le  control and triggering  m ethods [13] were specially  designed, devel
oped and carefully tested .



The isotopic identification of the high energy light charged particles 
(LCP) was performed by means of pulse shape technique using a two-gate 
integration m ethod which takes advantage of the two components of the 
display light em itted by the CsI(Tl) crystals.

A more complete test involving also the da ta  acquisition system was per
formed collaborating with GANIL. In order to investigate energy dissipation 
in binary collisions at interm ediate energy the first wheel of CHIM ERA was 
coupled with INDRA detector. Typical m atrix  giving heavy ion charge and 
mass identification relative to  this experiment are shown in Fig. 6 and 7, 
respectively.
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Fig. 6 . Charge identification matrix obtained by a CHIMERA telescope in the E273 
experiment carried out at GANIL. Upper side: Arnpl. XI. Lower side: Arnpl. X8 .



Ag + Ni 52 A.MeV
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Fig. 7. Mass identification matrix: time versus energy loss in the silicon detector 
(the first stage of a CHIMERA telescope) in the E273 experiment carried out at 
GANIL.

4. Status and perspective

In 1999 the nine wheels with their 688 telescopes had been assembled in a 
big m ultipurpose vacuum chamber and connected to  the front end electronics 
and to the d a ta  aeciuisition system. An internal and external view of the 
CHIM ERA m ultidctcctor ready to run is shown in Fig. 8 and 9.

Silicon detectors and CsI(Tl) crystals calibrations had been performed 
by means of several Tandem and Cyclotron heavy ion beams. Final energy 
and tim e resolutions using the RF machine, were m easured and, for some 
typical beams and energies, are shown in Figs. 10, 11 and 12.

W ithin the REVERSE experiment we scheduled a set of measurements to 
study m ultifragm entation and the effects of isospin degree of freedom on this 
mechanism and the dynamical fission in some heavy ion reactions in reverse 
kinematics, such as 112924 Sn +  o8-64Ni and 2 'A1 at 25 and 35 MeV/A, and 
238U +  An and Al, where the particles and fragments produced are focused 
in the forward direction covered by this part of the m ultidctcctor (1° 30°).



Fig. 8 . An external view of the 9 forward wheels of CHIMERA ( 6 8 8  telescopes) 
assembled and cabled inside the CICLOPE vacuum chamber at LNS.

Fig. 9. An internal view of the 9 forward wheels of CHIMERA ( 6 8 8  telescopes) 
assembled and cabled inside the CICLOPE vacuum chamber at LNS.
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Fig. 10. Silicon detector energy resolution measured for the elastic peak in the 
58Ni+1B7Au and B3N b+1B7Au reactions at 15.5 MeV/A.

Ni + Au 15.5 MeV/A

93Nb + 197Au 15.5 MeV/A

A few of beam  sheets have already been used for the program th a t should 
be carried out in the first months of 2000. Some results showing heavy ion 
charge identification and the LCP isotopic identification are presented in 
Fig. 13 and 14, respectively.

W hen the REVERSE experiment will be completed the whole detector 
will be placed in its own vacuum chamber.

The perspective of CHIMERA is to  perform at LNS crucial experiments 
th a t will be planned next year in order to be tter understand the complex 
phenomena occurring in nuclear reactions at interm ediate energies and to 
contribute to  solve im portant and still open questions in the field of the 
heavy ion physics.
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Fig. 11. CsI(Tl) scintillator energy resolution measured for the elastic peak in the 
reaction 9 3N b+ 197Au at 15.5 MeV/A.
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Fig. 12. Elastic peak time resolution measured for the reaction Sn+Au at 
35 MeY/.l.



124Sn + 64Ni 25 MeV/A Tel. Ring 5 mod. 4I
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Fig. 13. Charge identification m atrix obtained in the first run of REVERSE exper
iment, 124Sn+64Ni at 25 MeV /A , carried out at LNS. Upper side Arnpl. X I, lower 
side Arnpl. X8 .

TABLE I

INDRA CHIMERA
Experimental Method A E  -  E E A E  -  E  -  TOF
Detectors Gas—Si—CsI 

G as-C sI
Si—CsI

A ß  /A n 90% 94%
Identification Charge (Z < 50) Charge (Z < 50) 

M iss < 25
Number of modules 400 LCP 

180 HI
1200 LCP and HI

Threshold 1 TMoV 0.5 TMoV
Angular range 2° +  178° 1° +  176°



124Sn + 64Ni 25 M eV/A Tel. R ing 5 mod. 4I

Slow CsI

Fig. 14. Isotopic identification of light charged particles (LCP) in the CsI(Tl) de
tector by using the pulse shape method of the photodiode signal, in the first run of 
REVERSE experiment. 1 2 4Sn+64Ni at 25 MoV/T carried out at LNS. Lower side 
is a zoom of the upper side.

For such a program, we can reasonably assume th a t CHIMERA might 
be fully working at the end of summer 2001.

I finish the presentation of this powerful device by resuming in Table I, 
its typical features and performances compared with those of INDRA in use 
for the tim e being in this field of research.
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