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Introduction
  Hybrid telescopes,  having combination 

of gas (∆E)  and silicon detectors (stopping), 
have been developed for  heavy ion detection 
&  particle  identification  in  nuclear  physics 
experiments  in GPSC facility at  IUAC.  The 
detector  telescope  has been  used for  studying 
the angular distributions of fission fragments. 
The  detector  system  can  also  be  used   to 
identify projectile like fragments and thus can 
be  used   for  studying  transfer  and  breakup 
reactions.  As  a  standard  practice  silicon 
telescopes  with  very  thin  (~10  µm)  silicon 
detectors  as  ∆E and  thick  (100-300  µm) are 
used  for  particle  identification.  Thin  silicon 
detectors have  a very poor  energy resolution 
owing to large capacitive noise and at the same 
time have a very short life being very prone to 
radiation damage. Also the ∆E-E identification 
technique is threshold dependent governed by 
the thickness of the  ∆E detector.  The 10  µm 
thick detectors are opaque to low energy heavy 
ions  such  as  fission  fragments  and heavy 
projectiles at backward angles. In such cases a 
gas detector is extremely useful since its active 
thickness can be varied by simply adjusting the 
gas pressure and thus making it transmission 
type  for low energy heavy ions.  

Description of the  detector 

 Fig.1: Schematic of hybrid detector

Fig.1  shows  the  schematic  of  the 

hybrid telescope. It consists of a gas ionization 
chamber,  operating  in  axial  field  geometry 
mode,  followed  by  a  Silicon  surface  barrier 
detector  (100  μm thick) from Canberra.  The 
ionization chamber  (IC)  is composed of three 
wire frames of active diameter 1cm. The wire 
frames are a cathode,   a central anode frame, 
and another  cathode wire frame. The distance 
between adjacent wire frames is 10 mm.   All 
wire  frames  are  made  from  gold  plated 
tungsten wires of 20 μm diameter  stretched on 
a  3.2 mm  thick  printed  circuit  board.  The 
separation  between  adjacent  wires  is  1  mm. 
The two cathodes are grounded  whereas the 
anode   operates in  ionization  region  with  a 
typical reduced field of about 2 V cm-1 mbar-1. 
The electrodes are  housed inside a cylindrical 
SS  tube.  The  detector  is  operated  with 
Isobutane  gas  at  pressures  10-200 mbar.  To 
avoid  straggling, entrance  foil used  is 1 μm 
mylar. Anode is read using in-house fabricated 
charge  sensitive  preamplifier  with  charge 
sensitivity of 90 mV/MeV (Si equivalent) and 
the SSBD has a charge sensitive preamplifier 
of  sensitivity  20  mV/MeV.  For  improved 
resolutions, the preamplifier were placed next 
to detector inside the vacuum chamber [1].

Performance
The detector was tested off-line with 

241Am  alpha  source.  The detector  was 
operated at  100 mbar gas pressure with a bias 
voltage of +200 V . 

Fig.2: Alpha spectrum of IC
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A shaping time of  3  µs was applied 
on the spectroscopy amplifier for gas detector 
and 1  µs for Silicon detector.  A resolution of 
80 keV (fwhm) was observed for 600 keV loss 
in the active area of the IC (fig.2). A detection 
efficiency of 100 % was observed for the IC 
with  respect  to  Silicon  detector  following it. 
The detector was thoroughly tested at different 
gas pressures . At pressures as low as 14 mbar, 
alphas  with  energy  loss  80  keV  in  active 
region were detectable with 100 % efficiency 
with an energy resolution of about 10 keV. 

Fig.3: Detector setup inside GPSC

Fig.  3  shows  the detector  setup for 
investigating the fission anisotropy of systems 
19F  +  194,196,198Pt  and 16,18O  +  194,198Pt.  Three 
hybrid telescopes were placed at a distance of 
30 cm  from the target with angular separation 
of  12  degrees.  Each  detector  had  an  angular 
coverage  of  about  ±  1 degree.   The detector 
was operated at 100 mbar gas pressure which 
corresponds to an equivalent Silicon thickness 
of 2.5  µm. Fig.4 shows  two dimensional plot 
of  ∆E  against  E from  the  19F  +  194,196,198Pt 
system.  Fission  fragments  are  well  separated 
from projectile like particles. Various transfer 
channels of the the projectile like particles are 
shown in the inset. Two silicon telescopes  (∆E 
~ 10 µm and E – 300 µm) were placed on the 
other  arm of  GPSC.  Both  sets  of  telescopes 
yielded  identical  results  in  terms  of  cross 
section  measurements.  Z  identification  was 
better  for  the  hybrid  telescopes.  Fig.5 shows 
the  2D plot from the  reaction  40Ca +  70Zn. A 
clear  separation in nuclear charge is observed 
in  Z ~ 20 region as well.  
 

 
Fig.4: DE-E Plot 

Fig.5: DE – E plot from 40Ca+70Zn

Future Perspective

In future we plan to have an array of 
such  telescopes covering  angles  from 170 to 
70  degree  for  investigating  fission  angular 
distributions.  Custom  made  high  density 
electronics is currently under development for 
the same.  As explained  earlier,  sensitivity  of 
gas  detector  to  weakly  ionizing  particles 
enables its usage for detection of light charged 
particles such as He, Li, Be etc. 
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