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Introduction

       Study of charged particles and neutrons
emitted from evaporation residues (ERs) plays
a  vital  role  to  understand  the  initial  stage  of
nuclear-nuclear  interaction  and  fusion–fission
dynamics. In some cases, it has been observed
that the energy spectra of charged particles and
neutrons  are  inconsistent  with  statistical
model’s predictions.  Exclusive energy spectra
are  needed  to  understand  the  all  reaction
channels causing this discrepancy [1]. ER gated
charged  particles  and  neutrons  study  can  be
explored  if  a  detector  with  high  counting
capability is placed in forward angles (0°˗15°)
to the incident beam. We report the design and
performance  of  2-D  MWPCs,  which  are
capable in handling the high count rate (2MHz)
due to elastic particles. It’s compact design and
timing  characteristics  allow  us  to  detect  the
particles come in forward angles. The detector
performance  was  tested  in  three  and  four
electrode  geometry  configuration.  Three
electrode geometry configuration was found to
be more suitable for ER detection experiments.
Separation of ERs from elastics flux was done
using time of flight and energy loss signal of
the detectors.  
       These detectors  were  first  tested with
standard radioactive sources (241Am, 252Cf) and
then  used  in  online  experiments  for  systems
16O + 64Zn, 32S + 48Ti and 16O + 197Au.

Design of the detectors

        The detector has three electrodes (X–A–
Y),  where  central  anode is  for  master  timing
and sandwiched between two cathodes, which
gives delayed signal for X and Y positions of
the  incident  particles.  X–position  and  central
electrodes were fabricated using 3.2 mm thick
PCB.  Gold  plated  tungsten  wires  of  20  μm
(diameter) first stretched with a tension of 60
cN on an aluminium frame and then soldered
onto the PCB with an adjacent wire spacing of
1.27  mm.   Y–position  electrode  is  a  PCB

consisting orthogonal gold plated 1 mm wide
copper strips. The copper strips help to form a
uniform electric  field  between  the  electrodes
and improve the charge collection resulting in
better  signal  strength.  Position  signals  were
extracted using delay line technique. Rhombus
delay chip (TZB12–5) with 2 ns delay per tap
and 50 Ohm impedance were used. Wires of X
electrodes  were  first  interconnected  in  pairs
and then linked to one tap of TZB12–5 chip,
the same was done for all strips of Y electrode.
Signals were taken from two opposite ends of
the position electrodes, resulting 80 ns and 40
ns  end  to  end  delay  in  X  and  Y electrodes
respectively.

Fig. 1 Two MWPCs, mirror imaged in design
are shown. left picture shows the inside view of
the detector consisting electrodes.

All PCBs were stacked together with a 3.2 mm
inter-electrode  spacing  and  placed  in  a  small
chamber made up of aluminium (145×176×30
mm) [Fig. 1]. A thin entrance window of Mylar
foil (0.5μm) was   used to minimize the energy
loss of the ERs. This detector has an active area
of  2"×4" and  can  cover  2°–10°  in  General
Purpose Scattering Chamber (GPSC) of IUAC
when placed at 68 cm distance from the target.
As shown in Fig. 1, a half circular cut on one
edge  of  both  the  detectors  was  made,  which
allowed high elastic flux to pass at zero degree.
 
Signal processing and performance

              The detectors were tested with alpha
(241Am) and fission source (252Cf). All the five
signals  (positions and master  timing) of  each
detector  were  processed  using  fast  timing
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amplifier  (FTA)  units  [2].  Detectors  were
operated at 8 mbar of Isobutane gas for alpha
source  whereas  4  mbar  for  fission  source.  A
rise  time  of  3.5  ns  was  measured  for  alpha
particles  and  3  ns  for  fission  particles  when
operated  at  +600  V  and  +440  V  anode
electrode, respectively. The position resolution
was found to be  1.5 mm using a rectangular
mask  having  1  mm diameter  holes  at  5  mm
separation [Fig. 2]. The pulse height of cathode
signal was 60 mV for alpha and 150 mV for
fission fragments.

Fig. 2 Position spectrum of the detector  with
mask having 1 mm (diameter) holes.  

        These  detectors  were  also  tested  in
Breskin’s four electrode geometry (C–X–A–Y)
[3]. An additional electrode was placed at the
entrance of all the other electrodes, which act
as a premplification stage.  While operating at
-210 V cathode and +490 V anode respectively,
a better signal of 2.5 V was achieved with an
inferior rise time of 7 ns as compared to 3ns in
three  electrode  geometry.  The  energy  signal
was also extracted from cathode using charge
sensitive preamplifier units [2]. 

Fig.  3 Experimental  setup  showing  two
MWPCs  mounted  near  to  beam path  and  16
CsI crystal covering 45°–115°.

      MWPCs were used to perform charged
particles and neutrons gated ER measurements
for systems 16O + 64Zn and 32S + 48Ti in GPSC.
These systems were studied at near and above
barrier  energies.  Both  the  MWPCs  were
mounted in GPSC as shown in Fig. 3. 16 CsI
crystal  were installed  in  group of  4  covering

45°–115°  to  detect  light  charged  particles
emitted by ERs. Four neutron detectors at 30°,
60°, 90° and 120° were also placed to detect
neutrons. In four electrode geometry MWPCs,
the charge sensitive preamplifiers were not able
to handle the high count rate of elastics coming
in  very  forward  direction.  During  the
experiment, three electrode geometry was used.
MWPCs  were  operated  at  3  mbar  of  gas
pressure  and  at  +430V  bias.  MWPCs  could
handle  a  high  count  rate  as  high  as  2  MHz.
Anode  signal  was  split  into  two,  one  fed  to
MPD-4 (Mesytec module [4]) for  energy and
other to CFD module (Phillips 715) for timing.
The data was collected in coincidence between
MWPCs and neutron as well as MWPCs and
CsI detectors. A 2-D plot of Time of Flight  vs
Energy of MWPC gated with neutrons for the
system  16O +  64Zn at 89 MeV (lab. energy) is
shown in Fig.  4. A clear separation is visible
between evaporation residues and elastics.

Fig.  4 Energy  (x–axis)  and  TOF  (y–axis)
spectrum of MWPCs for 16O + 64Zn at 89 MeV,
detected ERs are mentioned in the spectrum.

Summary & conclusions

       Design  and  performance  of  MWPCs
fabricated for reaction products coming in very
forward direction has been described. Detector
having 3-electrode geometry was successfully
able to separate ERs from elastic flux at near
and  above  barrier  energies  for  the  above
mentioned systems. The detector could handle
a high count rate (2 MHz). More results will be
presented during the symposium. 

References

[1] Ajay kumar, et at. PRC 70, 44607 (2004)
[2] A. Jhingan, Pramana J. Phys., 85 (2015) 

483.
[3] A. Breskin, et al., NIM A 221, 363 (1984)
[4] https://www.mesytec.com/products/nuclear

-physics/MPD-4.html

Evaporation residues

Proceedings of the DAE Symp. on Nucl. Phys. 64 (2019) 855

Available online at www.sympnp.org/proceedings


