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In heavy ion reactions detection of light particles has been found to be of importance. 
This is demonstrated by designing and operating 4TT detectors in recent experiments for 
light particle identification. The large number of light particle detectors in that type of 
devices leads to a tremendous cost. A substantial improvement in reducing the costs has 
been obtained by the phoswich technique which has been used for designing the plastic ball 
[1]. Recently J, Alarja et al. [2] effected improvements by demonstrating that combining a 
single CsI(Tl) crystal to a photomuUîplier was sufficient to identify and measure the energy 
of light particles. An improvement can still be effected by replacing the photomultiplier 
by a photodiode. 

That has the following advantages : 

- the spectral response of the photodiode is well matched to the emission spectrum of 
the CsI(Tl) crystal [3]. 

- the photodiodes have an excellent linearity and temperature stability [4) and can 
operate in magnetic fields. 

- the small size of the photodiodes allows to design compact and cheap detectors. 
One still had to demonstrate that the performances of the CsI(Tl) + photodiode com

bination were as good as the performances of the CsI(Tl) + photomultiplier combination. 
A first study has been done by P. Kreutz et al. [5] who showed that a 7, n and charged 
particles identification was possible by using the zero crossing point method. 

In that paper we report results obtained in an experience performed at the S.A.R.A. 
facility in Grenoble with a detector combining a CsI(Tl) and a photodiode but using 
another pulse analysis technique. 

The l x l cm2 photodiode we used was of S-1790-02 type (manufactured by Hama-
matsu). Its caracteristics will not be developed here as it has already been widely studied 
(3|. The 1 x 1 x 2.5 cmz CsI(Tl) crystal has also already been described by some authors 
[2], we will therefore only recall .here the feature we are mainly interested in, i.e. the 
dependence of the light response on the type and energy of the impinging particle. 

The amplification of the diode signal is achieved by a charge preamplifier designed by 
the laboratory of microelectronics of the Institut de Physique Nucléaire de Lyon. Its general 
characteristics are described in reference [6]. The main advantage of this preamplifier is 
that it can be directly coupled to the photodiode. This minimizes the noise sources thus 
improving substantially the signal to noise ratio. 

We used a beam of 30 MeV/nucleon a particles delivered by the Système Accélérateur 
Rhône-Alpes and impinging on self-supporting targets of Au and Al 300 fig/cm2 and 
810 fig/cm7 thick, respectively. 

Figure 1 shows the layout of the electronics used for the experiment. AH the modules 
are conventional ones. The amplifier A is used to give to the pulses delivered by the charge 
preamplifier a sufficient height to trigger the CFD. The outputs of the CFD are used 
to produce the two gate signals which are needed to discriminate the different incident 
particles, as will be detailed further. Then the two gate signals are sent together with the 
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analogic onrs cither to a charge-tension converter and then directly to the computer via 
an ADCSII or directly to the computer via a QDC. 

The discrimination technique used in that work is similar to the technique used in 
reference (2] but with different gates and delays as can be seen from figure 2. The charge 
preamplifier which integrates the charges from the photodiode produces a signal having a 
shape different from the one observed out of a multiplier set behind the CsI(Tl) as done in 
reference [2], Consequently we tried to find out new values of gate widths and delays. The 
configuration given in figure 2 gives a good mass discrimination for particles of charge Z = l 
and Z=2. This can be observed in figure 3 which gives the two-dimensional map obtained 
in bombarding a particles (120 MeV) on an Al target. The detector was set at 10° with 
respect to the beam axis. The Z = l Z=2 discrimination threshold is of the order of 12 
MeV which is rather good for a very first teat. This threshold can certainly be lowered by 
optimizing the gate widths and delays. 

As far as the theoretical aspect is concerned, recent measurements [6] corroborate the 
following interpretation. The decay of the light emitted by the CsI(Tl) is given by a sura 
of two exponential functions : 

L(t) = -exp{-t/Tf) + -exp{-tfrt) 
Tf T, 

where T/ and T, denote the corresponding decay constants. 
Tliis decay law has the following characteristics : 

a) Tf increases as the stopping power of the incident particle decreases. 
b) the ratio B/A increases as the stopping power decreases. 
c) r , has a constant value of 4 fis regardless of the particle exciting the crystal. 

Recent measurements performed by B. Chambon et al. |7] show that the technique 
we use is an efficient combination of a) and b) properties in getting a good chnjge and 
mass identification. 

This experiment demonstrates the feasibility of discriminating light charged particles 
in charge and mass using the CsI(Tl) 4- photodiode combination. 

This is particularly interesting in view of designing large sets of detectors for which 
the cost of each individual module is a major problem. This combination is also of interest 
for its compacity. Other tests will be done in the near future with a larger crystal and a 
3 x 3 cm2 photodiode. 
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Figures captions. 

Figure 1 : Layout of the electronics. 

Figure 2 : The time shape signal coming from the amplifier A is indicated here. We 
have also indicated the widths and the positions of the two gates used for the particles 
identification. 

Figure 3 ; Two dimensional plot obtained with the two gates method, one can see the good 
identification of the light particles.The arrows indicate the beam energy and the energy 
threshold of the Z identification. 
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