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Introduction
  Developmental  activities  in  charge 

particle  detector  array  (CPDA)  for  discrete 
gamma  ray  spectrometry  is  presented.  The 
multi-detector  array  has  been  designed  and 
developed  for  the  detection  of  light  charge 
particles  such  as  protons and  -particles 
generated in a heavy ion induced reaction in 
coincidence with  -  rays.  The array currently 
consists  of   32  CsI(TI)  detectors  coupled  to 
photo-diode  and has been developed to serve 
as  an  ancillary  detector  system  for  Indian 
National Gamma Array (INGA)[1].  

Description of the detector system

The  present  detector  array  has  been 
fabricated using  CsI(TI) detectors coupled to 
photo-diodes. The capacity of full array is 80 
detectors  which  will  have  a  solid  angle 
coverage  of  nearly  80% of  4π. Each  crystal 
has a thickness of 3 mm with an active area of 
20 mm x 20 mm, coupled to a 10 mm x 10 mm 
photo-diode via a 7 mm thick plexi-glass light 
guide.  The  assembled  detector  has  been 
procured  from  Scionix,  Netherland.  This 
design of  the detector  is compatible with the 
present  TIFR charge  particle  array  [2].   The 
entire  detector  system  is  housed  inside  a 
hollow  spherical  aluminum  scattering 
chamber.  The  chamber  has  been  machined 
from a solid aluminum cylinder at the IUAC 
mechanical workshop with an outer diameter ~ 
230 mm, so as to fit inside the INGA array. The 
wall thickness of the chamber is kept 5 mm to 
reduce attenuation of low energy gamma rays. 
The  chamber  has  four  ports,  one  each   for 
beam exit  and  entrance.  The other  two ports 
(orthogonal  to  beam  axis)  are  used  for 
inserting  target  ladder  and  routing  the signal 
cables from detector. The detectors are placed 
in  a  rhombicuboctahedron  geometry  around 

the target. This arrangement is inspired by the 
DIAMANT [2] light charged particle detector 
array at GANIL. The mounting frame is made 
out  of  plastic  using  the  Rapid  Prototyping 
Technology (Fig.1). As shown, each face will 
have four CsI crystals. There is a provision to 
mount triangular crystal of each side 30 mm on 
the  8  corners  of  this  structure.  The target  to 
detector distance is ~ 65 mm. 

Fig.1: Plastic  mount  for  CPDA  (left)  and 
mounting arrangement of CsI crystals (right).

Detector Instrumentation

One  of  the  main  characteristics  of 
CsI(TI)  detectors  is  its  intrinsic  ability  to 
discriminate  between  different  light  charged 
particles  such  as  protons,  -particles and  - 
rays etc.  according  to  their   different  decay 
time constants in the light output for different 
particles.  Thus  instrumentation  for  this  array 
needs  to  be  competent  to  exploit  these 
features. The photo-diodes coupled to CsI(TI) 
detectors  are  read  by  conventional  charge 
sensitive  pre-amplifiers  (CSPA).  Since  the 
charge generated in photo-diodes is extremely 
low, it is desirable for the CSPA to have a high 
gain,  good  timing  features  (ability  to 
distinguish between different decay times from 
CsI), and low power consumption so that it can 
be  placed  next  to  photo-diode  in  vacuum  to 
avoid degradation of  signal.  A preamp board 
has  been  developed in-house  with  the above 
requirements  in  mind.  The  board  has  four 
CSPA units [3] arranged in a square 2x2 matrix 
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compatible  with  the  arrangement  of  CsI 
detectors.  Each  CSPA unit  has  a  gain  of  2 
V/pC (Si equi.) with a power consumption of 
30  mW. This preamp has been realized in the 
form of  a  hybrid,  with  SMD components  of 
0402 package, with a dimension of 55  mm x 
55  mm.  Photo-diodes  with  CsI  crystals  are 
plugged  on the opposite side (fig. 2).

Fig. 2: Assembled 4-channel CSPA board (left) 
with 4 CsI crystals plugged on the other side 
(right).

Fig. 3: Block diagram for signal processing.

Fig.  3 shows  the  signal  processing 
scheme. CSPA signals are extracted through a 
custom designed feed-through flange via 100 
 twisted pair cable. These signals are fed to 
an in-house designed 16-channel NIM module 
which  has  an  active  differential  receiver 
followed  by  differential  driver  circuit.  The 
differential  analog  signals  are  driven  via 
shielded twisted pair cables (from Amphenol) 
to  Mesytec  spectroscopy  amplifiers.  Particle 
identification has been realized using ballistic 
deficit (BD) technique using short (0.5 µs) and 
long  shaping  time  (3  µs).  Thereafter  the 
signals are fed to the newly developed VME 
data acquisition. 

Performance  test 

Fig. 4 shows the spherical aluminum 
chamber housing CPDA mounted in the INGA 
facility at IUAC.

Fig.  4:  Scattering  chamber  housing  CPDA 
mounted at INGA facility of IUAC.

Fig. 5: Plot between long (x-axis) and short (y-
axis) shaping time from the system 12C+28Si. 

 Off-line  test  of  CsI  detector  was 
carried  out  using  radioactive  sources  Cs137, 
Co60, Am241 and Th229. Energy resolution of 250 
keV (for  8.37  MeV -particles)  and  70  keV 
(1332  keV -  rays) were observed. The array 
was tested for  light-charged particle  –  -  ray 
coincidence  for  the system  12C +  28Si at  30 
MeV.  Fig. 5 shows the plot between short and 
long  shaping  time  for  one  of  the  crystals 
displaying  separate  contours  of  proton,  -
particles and  -  rays. Detailed test results and 
activities on instrumentation development and 
design will be presented.
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