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Abstract 
A 100 MS/s 14-bit Sampling Analog-to-Digital converter has been used to perform digital pulse-

shape acquisition of signals collected from CHIMERA telescopes. The signals from a typical 
CHIMERA detection cell have been collected using both a standard CHIMERA electronic chain up 
to the amplifier, and a very simple analog front end, basically reduced to the preamplifier. The 
preliminary on-beam results are presented. 

 

1 INTRODUCTION 
New AZ−4π detector projects have, among 

their main R&D aims, the design and 
construction of digital signal processing 
electronics and the development of fast and 
efficient algorithms for pulse-shape analysis, 
tailored to the characteristics of the detector 
system. To reach this goal we carried out some 
preliminary tests to digitally process the output 
signals from a typical CHIMERA cell, that is a 
Si-CsI(Tl) telescope. This work was motivated 
by both the increasing employment of digital 
pulse shape analysis in γ-spectroscopy and our 
previous experience in on-line digital signal 
processing [1],[2]. 

2  SIGNAL PROCESSING 
In view of new 4π-Detector Array projects [3], 

[4] we have implemented an ad hoc system to 
digitally process data collected from a typical 
CHIMERA detection cell. In particular 
(Fast,Slow) and (∆E,E) scatter plots have been 
reconstructed. To date only few results obtained 
off-line with radioactive sources and small 
crystals (1 cm3) have been reported on digital 
processing of CsI(Tl) signals [5]. 

2.1 Analog Processing 
For CHIMERA, the classical two-gate method 

[6] based on the comparison between Fast and 
Slow components is applied to collect Fast and 
Slow signals. In Fig. 1 the typical electronic 
chain of a CHIMERA CsI(Tl) scintillator is 
shown. In the following we will call “analog 
way” this pulse processing performed with the 
standard chain. The scintillator is coupled to a 
Hamamatsu photodiode, connected to a charge 
preamplifier, and to a Silena 761F amplifier [7]. 
Its two output pulses, one shaped (Slow) and the 
other stretched at maximum value (Fast), are 
simultaneously converted by the QDCs with a 
delay of 8 µs from the beginning of the pulse, to 
obtain Fast and Slow components. The gate 
pulse used for the conversion is 2 µs wide. 
 

 
 
Fig.1: CHIMERA standard analog chain for Fast and 
Slow acquisition. 



2.1 Digital Processing 
The advantages of using digital techniques in 

gamma-spectroscopy have been extensively 
proved. Digital pulse shape acquisition, among 
many other possibilities, can be used for 
correction of pulse distortion due to electronic 
noise and pulse pile-up [8], for efficient baseline 
correction, allowed by post-triggering of the 
pulse, spurious pulse discrimination based on 
their shape analysis and pulse energy evaluation 
[9], or for pulse height analysis.  

For our sampling data acquisition system we 
have chosen to use commercial Sampling ADCs 
to save manpower. The only constraints we have 
complied in the choice have been that the 
digitizer resolution was good enough to cover 
the full reaction dynamics (up to GeVs) and its 
sampling rate satisfied the Nyquist frequency. 

The ADC used is a SIS3301 [10], an 8-channel 
6U VME digitizer/transient recorder with a 
sampling rate of up to 105 MHz for the 
individual channel and 14-bit resolution. SADC 
was located in a VME crate, together with an 
embedded CPU module, a VP7 by SBS 
Technologies [11], used as manager CPU for 
SADC. A host PC was connected to VP7 via 
Ethernet 100 Mb/s as workstation for presenting 
and recording on tape the results. 

The digital samples are collected via VME bus 
and stored in a buffer. An overall data 
acquisition rate of 300 events/s has been 
reached. 

3 EXPERIMENTAL RESULTS  
The aim of the experiment was to test the 

feasibility of digital signal processing using 
typical detection cells of a multidetector with 
emphasis on achieving good identification over 
a very large dynamic range such as that of an 
experiment in the intermediate energy regime. 
The tests have been carried out in two steps. 

Firstly a typical CHIMERA CsI(Tl) scintillator 
was located in the 2000 reaction chamber of the 
Laboratori Nazionali del Sud (LNS) of INFN. 
Different ion beams from the Tandem 
accelerator have been used for testing the 
apparatus, using the electronic chain shown in 
fig. 2. 

As in the analog way, we have used the two-
gate method to construct the (Fast,Slow) scatter 
plot. Fast and Slow components have been 
computed by integrating the acquired signal 
within gates practically corresponding to those 
of the analog way (Fast from 5 µs to 8 µs, Slow 
from 11 µs to 14 µs). 
 

 
 

Fig.2: Electronic chain used for Fast and Slow acquisition 
in Test 1. The dashed square indicates that the amplifier 
was taken out in the second test. 
 

The results obtained for the 16O + 12C reaction 
at 102 MeV incident energy are shown in Fig. 3. 
Isotopes with charge Z = 1 and Z = 2 are clearly 
identified. 
 

 
 

Fig.3: Results obtained for the 16O + 12C reaction at 102 
MeV incident energy. 
 

For the second test a simple analog front end 
(the same of fig.2 without the amplifier) has 
been used and digital pulse processing of data 
directly collected from the preamplifiers has 
been carried out with different ion beams at 
Superconducting Cyclotron of LNS. To this 
purpose a two-stage preamplifier [12], 
developed by the Electronic Laboratory of the 
Sezione di Milano of the Istituto Nazionale di 
Fisica Nucleare, has been used instead of the 
standard CHIMERA preamplifier. Its first stage 



is a charge preamplifier; the second one an 
output buffer. Different sensitivities have been 
used for silicon detector (2.5 mV/MeV, gain 2) 
and CsI(Tl) scintillator (90 mV/MeV, gain 2).  

The measurements have been done as parasitic 
tests during Intermediate Energy experiments 
with the multidetector CHIMERA in its final 4π 
configuration (1192 telescopes). Some 
telescopes (in the 3rd and 6th wheels) have been 
equipped for digital acquisition. Reaction 
products from 197Au + 197Au at 15 AMeV, 58Ni 
+ 27Al and 58Ni + 40Ca at 25 AMeV incident 
energy have been collected.  

Waveforms of 2048 consecutive ADC samples 
have been collected at 10 ns time intervals and 
stored in the SADC memory banks in 
wraparound mode, using a post-trigger to  
reconstruct and store the pulse-form for each 
event parameter. 

Each signal has been filtered digitally with a 
simple triangular filter [13]. The use of post-
trigger allowed for an accurate baseline 
restoring of each pulse, before the computation 
of pulse height and of Fast and Slow 
components. 

Digital constant fraction timing was used to 
compute the beginning of pulses and 
corresponds to the time at which the pulse-form 
cross 10% of the full pulse height relative to 
baseline. 

To reconstruct the (Fast,Slow) scatter plots in 
order to perform LCP-Id we had to find a proper 
algorithm to apply the comparison method. 
Firstly, we tried to apply the two-gate method to 
the signals properly modifying width and 
position of the gates. The results were not fully 
satisfactory.  

In fact, while the whole Fast information is 
still contained in the rising edge, the Slow 
component is spread out on both rising edge and 
beginning of the tail. Thus we decided to work 
on the numerical derivative of the pulse and 
apply to it the two-gate method.  

In Fig. 4 the shape of a typical output signal 
from the preamplifier of CsI(Tl) scintillator 
(shape-a) is shown together with the obtained 
shape of the pulse-derivative (shape-b). The two 
gates employed to calculate P1 and P2, the gated 
areas used for LCP-Id, are also shown. 

 
 

Fig.4: Shapes of: a) unfiltered output signal from CsI(Tl); 
b) numerical derivative of the filtered signal, with 
highlighted the two gates used to calculate the P1 and P2 
components (see text). 
 

In Fig. 5 the (P1, P1+P2) scatter plot obtained 
for the reaction 58Ni + 27Al at 25 AMeV incident 
energy and θlab= 6°, is shown. The CsI(Tl) was 
used without Silicon in front. 

A good identification is reached for Hydrogen, 
Helium and Lithium isotopes (up to Z=3). 

To perform PHA of the signals coming from 
the telescope in order to reconstruct the (∆E,E) 
scatter plot, the full pulse height (Maximum) of 
the signals from both Silicon and CsI(Tl) has 
been used as “true” signal-value. A typical ∆E 
vs Maximum of Light Pulse (MLP) scatter plot 
is shown in Fig. 10 for the reaction 58Ni + 27Al 
at 25 AMeV incident energy and θlab= 3°. 

In the same figure the back-trace of the pulses 
for different charges and energies is shown. In 
this way, specially in case of “debugging” of a 
multidetector, the digital pulse shape acquisition 
is a powerful tool that allows for a full control 
of the working mode of the array. 

The done tests demonstrate the feasibility of a 
full digital processing of multidetector signals, 
directly collected from the preamplifiers.  

The followed approach has proved to be 
competitive with the standard analog one and 
allows LCP and charge identification over a 
very large energy range (up to ~3 GeV in case of 
197Au incident beam). The use of very high 
capacitance (1 nF) silicon detectors and CsI(Tl) 
scintillators of very large volume (> 400 cm3) 
during a typical Intermediate Energy Nuclear 
Physics Experiment is also to be noted. 

Moreover this method implies simplified 
electronic chains and big cost reductions, 
compared to the standard analog way. 



 
 

Fig.5: (P1, P1+P2) scatter plot obtained for the  58Ni + 27Al reaction (see text). 
 
 

 

 
 

Fig.6: (∆E,MLP) scatter plot for the 58Ni + 27Al reaction. The back-trace of the pulses for different charges is also 
shown. 
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