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Abstract 

The CHIMERA detector was designed to significantly contribute to multifragmentation studies in 
the field of heavy ion collisions at intermediate energies. The device has been used at Laboratori 
Nazionali del Sud (LNS) in Catania to study different aspects of the relevant nuclear reaction 
mechanism, in two different campaigns: the first one in 2000, by using the forward part (1°-30°) of 
the device, and the second one in 2003, by using the 4π geometry. The experimental results have 
confirmed the capability of the apparatus for good isotopic identification of light charged particles 
and light fragments (3<Z<10) in a wide angular detection range. The data analysis relative to the 
first 2000 campaign (REVERSE) is presently aimed to disentangle dynamical and equilibrium 
emission components in multifragmentation reactions and to learn more about the role of the 
isospin degree of freedom in asymmetric nuclear matter. Reduction of the data of the second 
campaign is still in progress. 



1 INTRODUCTION 
  The CHIMERA detector was designed in order 
to study the  reaction mechanism in heavy ion 
collisions at intermediate energy by measuring, 
in an event-by-event mode, the Light Charged 
Particles (LCP) as well as the heavy fragments 
produced in the nuclear collision [1].  
 During the 2000 campaign the forward part (1°-
30°) of CHIMERA was used at the LNS in the 
mainframe of  the INFN REVERSE experiment, 
to study some heavy ion collisions in reverse 
kinematics [2]. This experimental program was 
completed and extended in 2002 by assembling 
CHIMERA in its full 4π configuration inside 
the CICLOPE vacuum chamber, in the 
framework of the INFN ISOSPIN collaboration. 
Different experiments ran efficiently in the first 
half of 2003. At the same time, besides the 
ISOSPIN program, other interesting 
investigations, promptly proposed by scientists 
of international collaborations, were carried on. 
  Finally, over the last three years a R&D 
program was taken up in order to study a 
possible improvement of the device 
performances in the field of signal digitalization 
[3] and the pulse shape method [4]. In the 
following, we report on the status of the device 
and  the data analysis of the REVERSE 
experiment.  
 

2 DEVICE CAPABILITY 

2.1 General characteristics 
  The CHIMERA detector is an array of 1192 Si 
- CsI(Tl)/Photodiode telescopes covering 94% 
of the total polar angle. In the forward part (1°-
30°) 688 telescopes are assembled in nine rings 
placed at a distance from the target going from 
350 to 100 cm with increasing angle. The 
remaining 504 telescopes are assembled in a 40 
cm radius sphere covering the angular range 
30°-176°.  

A picture of the whole apparatus, installed in 
the CICLOPE vacuum chamber of the LNS, is 
presented in fig. 1. The high granularity and the 
large detection efficiency gives a good angular 
resolution and a high probability of total event 

reconstruction, even for the highest expected  
multiplicity. 

 The combination of the different 
identification techniques, presented in the 
following, allows the charge and/or mass 
identification of the detected charged particles, 
with a low threshold and a wide dynamical 
range. 

 
 

 
 

Fig. 1: CHIMERA in the LNS - CICLOPE vacuum 
chamber. From right to left it is possible to distinguish the 
nine rings and the sphere, centered on the target.  
 

2.2 ∆E-E technique 

Particles punching through the 300 µm Si 
detector can be identified in charge by means of 
the usual energy loss – residual energy (∆E-E) 
technique: atomic number as large as Z=50 have 
been easily identified. For lighter particles, 
namely Z<10, isotopic identification was 
achieved and an identification function, based 
on the Bethe-Bloch formula, was very 
efficiently applied to fit the uncalibrated ∆E-E 
plot, in order to determine the charge and the 
mass of the detected particle [5]. 

 

2.3 E-TOF technique 
  The timing signal obtained from the silicon 
detector used in coincidence with a good quality 
pulsed beam gives direct access to a velocity 
measurement for all the heavy detected 
particles, lowering thus the detection threshold 
to an energy value of a few MeV. The shape of 
the detector is conceived for the application of 



time of flight technique (TOF) and therefore for 
mass measurement. The Si detector 
performances and the distances of flight in 
CHIMERA allow us for mass identification of 
IMF up to A ≤ 30 amu in  the forward direction.  
Examples of the obtained mass resolution in the 
region are presented in [2]. Particular care has 
to be taken in the time calibration, as the 
calibration constant t0 for each detector shows 
Pulse Shape dependence on the charge and mass 
of the detected particle [4,6].   
 

2.4 PSD technique 
  High energy light charged particles crossing 
the silicon detector and loosing in it a too small 
amount of energy can be identified by using the 
time and amplitude dependence of the CsI(Tl) 
light pulse on the detected particle. This pulse 
shape discrimination technique, commonly used 
with PMT, was applied in CHIMERA for the 
first time [7] to very large (2500 cm3) CsI(Tl) 
crystals coupled to photodiodes, with very good 
results [2]. 

The fast versus slow plots are 
linearizedhttp://mutuionline.24oreborsaonline.il
sole24ore.com/guida/osservatorio.asp and 
projected to easily discriminate the different 
charges and masses: isotopic identification is 
obtained up to Z=4, charge identification up to 
Z=5 [8].  

 

3 GLOBAL RESULTS 

3.1 The experimental campaigns 
The REVERSE scientific program proposed 

three different lines of research, in order to 
study the isospin dependence of the neck 
formation in the semi-peripheral collision, the 
cluster production in central collisions and the 
dynamical fission  phenomena. The 1999-2000 
campaign, performed with only the forward part 
(1°-30°) of the detector, studied thus the 
fo lowing reactions: l

  
124Sn+ 27Al, 64Ni, 112Sn+58Ni @ 35 MeV/A  (1) 
 

This scientific program was completed and 
extended at lower energies and with different 

beam/target combination in the 2002 campaign, 
y studying the systems:  b

 
124Sn+64Ni,58Ni,27Al @ 25MeV/A,  
124Sn+ 58Ni,124Sn @ 35 MeV/A, 
112Sn+64Ni,58Ni, 112Sn  @ 35 MeV/A  
197Au + 197Au, 12C @ 15 MeV/A  

 
with the detector in its complete 4π 
configuration. At the same time various other 
systems, proposed by different international 
collaborations, were studied.  
  All the data shown in the following sections, 
refer to the first REVERSE campaign, as the 
reduction of the second one  has just began. 

 

3.2 Charge and Multiplicity distribution 
The charge spectrum, the total  particle 

multiplicity (Ntot), the intermediate mass 
fragment (IMF) multiplicity (NIMF)  
distributions for the three studied systems are 
presented in fig. 2. Yields are normalized in 
order to have to the same total integral and the 
events have no selection apart from the total 
charge reconstruction (see 3.3) and the 
multiplicity in the trigger selections ( Ntot ≥ 2 for 
112Sn induced reactions and Ntot ≥ 3 for 124Sn 
induced reactions)  

 

 
 
 



Fig.2: Charge (up), total multiplicity (left) and IMF 
multiplicity (right) distributions for the three studied 
systems. 

3.3 Event reconstruction and global variables 
The high detection capability of the device 

allows a good reconstruction of the events, in 
particular for the forward peaked products. 

As an example, in fig 3 (left) are presented the 
plots of total detected charge and total detected 
mass vs total multiplicity, showing the good 
reconstruction of the quasi-projectile in a large 
number of events. These events are identified by 
the square in the total detected charge vs 
relative total detected momentum (bottom 
right), within the conditions 30<Ztot<80 and 
0.5<p/ptot<1. 

  
Fig. 3: Global variables for the 124Sn+64Ni @ 35 MeV/A 
system: total detected charge and mass vs total 
multiplicity (left), total charge spectrum (right up) and 
total detected charge vs relative total detected momentum 
(right bottom). 
 

Events can be sorted according to the 
centrality by means of different cut in the total 
charged particle multiplicity Ntot, as shown in 
fig. 4. From top to bottom, the violence of the 
collision increases, as confirmed by the Dalitz 
plot (right), populating more and more in the 
central - the three equal size fragments – region. 
The fragment charge vs parallel velocity (left) 
shows the passage from an essentially three 
body mechanism (PLF, TLF and mid-rapidity 

IMF) towards the production of more lighter 
intermediate velocity fragments.    

 
 
 

 
 
Fig. 4: Fragment charge vs parallel velocity (left) and 
Dalitz plot (right) for three different total multiplicity cuts 
in the 124Sn+64Ni @ 35 MeV/A system. 
 

4 ISOTOPIC EFFECTS 
  The experimental isotopic resolution for Z<10 
IMF allows the investigation of  the isospin 
degree of freedom. In fig.5, the average neutron 
over proton ratio <N>/Z is reported as a 
function of the atomic number of the fragments, 
for the three different systems of the REVERSE 
experiment (1). The experimental N/Z for IMFs 
with Z>3 are significantly larger than the ones 
of the stability line, as evaluated by the N/Z of 
the  stable natural isotope, and they show a 
systematic tendency to keep memory of the 
entrance channel (N/Z)projectile ∼ (N/Z)target 
neutron over proton ratio.  
The results [9] are also compared to the 
expectation values of two transport theoretical 
models, a Constraint Molecular Dynamics 
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(CoMD) [10] and a stochastic BNV [11], for the 
neutron rich and neutron poor Sn + Ni systems.  
 

 

 
Fig. 5: Average neutron number over Z as a function of Z 
for light fragments produced in the three studied systems. 
Data  from Sn + Ni reactions are compared to two 
theoretical calculations, BNV and CoMD (the errors 
related to the statistic of simulation are about 10%). N/Z 
of the stability line and of the three entrance channels are 
also reported.   

5 PERIPHERAL COLLISIONS 
  Semi-peripheral reactions were investigated 
mainly by fragment-fragment relative velocity 
correlation applied to complete events involving 
coincidences in which a projectile like fragment  
(PLF), a target like fragments (TLF) and at least  
one intermediate mass fragment (IMF) were 
detected [12]. Data were compared with the 
results of the CoMD code [10,13] and of a BNV 
code [11], as reported for example in fig. 6, for 
the 124Sn+64Ni @ 35 MeV/A system. In the 
upper part the thick contour lines present the 
BNV calculations compared to the experimental 
charge vs parallel velocity (left) and parallel vs 
perpendicular velocity (right) plots. In the 
bottom the theoretical and experimental velocity 
(left) and charge (right) distribution are 
presented: the theoretical expectation is limited 
to the lightest fragments with Z<12 promptly 
emitted by the neck region (∼100fm/c) and it 
does not include sequential emission from the 
projectile or target like nuclei,  due to present 

limitations in the code. The agreement between 
data and theoretical prediction is impressive in 
the region of IMFs of intermediate velocity 
(2.5cm/ns<Vpar<5cm/ns).      

 
Fig. 6: Theoretical predictions compared to experimental 
data for different variables of the 124Sn+64Ni @ 35 MeV/A 
system: particle charge vs parallel velocity (up left), IMF 
parallel vs perpendicular velocity (up right), IMF parallel 
velocity (bottom left), charge distribution (bottom right). 

 
For these IMFs the relative velocities between 
the sub-systems IMF-TLF and IMF-PLF were 
constructed and compared to the values 
expected for pure sequential Coulomb repulsion 
as given by the Viola systematics [12]. The 
results are shown in fig. 7. 
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Fig. 7: Fragment relative velocities, normalized to the 
Viola systematic, for IMFs selected in the centre of the 
intermediate velocity region. Values deviating from the 
two unitary lines show a non-sequential prompt emission 
of the fragments.   
 
Notice that relative velocities deviate 
significantly from the sequential mechanism 
(Vrelative/VViola∼1) showing a prompt dynamical 
effect in their production mechanism [12]. Fast 
IMFs emitted in the region of the PLFs 
(Vpar>VCM, see bottom left of fig. 6) were also 
extensively investigated in our dynamical 
fission experimental program and important 
progress in understanding the IMF production 
mechanism was done. A detailed analysis of this 
important aspect of the reaction is given in [14].  
 

6 CENTRAL COLLISIONS 
Central collisions of the 124,112Sn+64,58Ni  @ 35 

MeV/A systems were studied in order to search 
of possible signs of a phase transition [15].  

The well detected most central events, 
amounting to about 1% of the total reaction 
cross section,  were selected by means of a 
multidimensional analysis of the experimental 
observables. 

The isotopic identification of the light 
fragments provided information on the break up 
temperature of the emitting sources, whose 
space-time structure and excitation energy were 
deduced from fragment-fragment correlations 
and statistical model calculations, respectively.  

The study of the isotope yield ratio and of the 
mirror nuclei yield ratio gave access to the 
neutron-to-proton density for both reactions: 
results indicated a possible isospin distillation 
mechanism related to liquid-gas phase transition 
in asymmetric systems. 

  

7 FUTURE DEVELOPMENTS 
The already good identification capability of 

the device can be implemented by using 
different techniques based on hardware and 
software methods.  The electronic chains can be 
thus modified in a way to be at the same time 
simpler and with higher performances. In this 
framework, different tests were performed at 
Tandem and Cyclotron energies at LNS in 

Catania, on the Si detectors [4] and on the 
CsI(Tl)/Photodiode [3].  

In the present configuration of CHIMERA the 
Si detector gives access only to the mass of the 
totally stopped particles, via the TOF 
measurement. It is however well known that 
current pulses of the detector, beside the energy,  
are also dependent on the mass and charge of 
the detected particles, on the detector 
characteristics and on the detection side 
injection. The analysis of this current shape in 
order to discriminate the detected particles, 
named Pulse Shape Discrimination (PSD), has 
been widely developed in these late years [16].   

 
 

 
 
Fig. 8: Electronic chain used for rise time and energy 
measurement. 

 
A new hardware PSD method to be used with  

the CHIMERA silicon detectors were thus 
studied for future implementations. The charge 
identification was obtained by looking at the 
rise time of the detector signals as a function of 
the particle energy.  

The rise time was measured by the time delay 
between two Constant Fraction Discrimination 
(CFD) CHIMERA modules, having respectively 
30% and 90% of fraction and 20 ns internal 
delay, processing two copies of the fast timing 
signal of the amplifier. A scheme of the 
electronic chain is shown in fig. 8. 

An example of the results obtained with the 
LNS Tandem beam, for particle impinging from 
the junction side (Front side injection), is shown 
in fig 9.  

The identification threshold obtained with this 
PSD method is about 4.5 MeV/nucleon. This 
value can be lowered by coupling the TOF 
technique. On this light, different tests at higher 
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Cyclotron energies have been planned and 
partially performed [3].  

 

 
 
Fig. 9: Energy vs Rise time ( 100 chs ≈ 3ns )  for particles 
produced in the 16O+12C reaction and impinging on the 
junction side of  a Chimera Si detector. 
 

8 CONCLUSIONS 
The data collected in the two experimental 

campaigns demonstrated the very good 
performances of the CHIMERA device for the 
study of heavy ion collisions in the intermediate 
energy regime. The analysis of the REVERSE 
campaign is in progress and the results, 
concerning the isospin effects, the dynamic of 
the peripheral collisions and the characterization  
of the central reactions, seem very interesting. 
Data reduction of the second campaign, that will 
benefit of the experience cumulated in the first 
one, is in progress. New proposals have been 
presented for the 2004, showing the interest of 
the community for the device. The studies 
carried on to upgrade the device identification 
capability are progressing towards a specific 
proposition to be possibly realized in the next 
future.  

The authors appreciate the encouragement and 
the support of the MEDEA group during the 
assembly of CHIMERA in its full configuration 
and in starting the ISOSPIN collaboration, in 
which it is involved.   
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