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Abstract

A detector system has been developed for the focal plane of the HIRA. It consists of two independent detectors, a
low-pressure multiwire proportional counter (LP-MWPC) followed by a split-anode ionization detector. Details of the design
and test results are presented. Using slow preamplifiers, the position resolution is =1 mm and the time resolution is
estimated to be 1.5 ns for the LP-MWPC. The ionization detector gives 2.4% energy resolution for 150 MeV **Si scattered
off a gold target and the AZ/Z obtained for **Si+>"Al is 1/42 for Z=14. Some results for fusion and transfer studies for the
**Ti+*Ni and **Si+°*Zn systems, respectively, at energies around the Coulomb barrier, are presented to highlight the

performance of the detector system.

1. Introduction

Recoil mass spectrometers (RMS) are versatile tools for
heavy ion reaction studies [1,2]. Coupled to a high
rejection for beam-like particles is the excellent mass
resolution with large solid angle, and space and energy
focusing. They are ideally suited for studying reactions
which are forward peaked and have found good application
in the study of fusion and transfer reactions around the
Coulomb barrier, spectroscopy by residue tagging, etc. The
heavy ion reaction analyzer (HIRA) at the Nuclear Science
Centre is a large solid angle RMS, details of which are
presented elsewhere [3]. An important part of such spec-
trometers is the focal plane detector system (see Refs. [4,5]
and references therein). At the focal plane, the HIRA
brings to focus particles of varying values of ‘“‘M/q” at
different positions, with the length of the focal plane being
=150 mm. The energy acceptance is =20% and the mass
acceptance is *5%, with a variable dispersion ranging
from 10 to 40 mm/%. For the kind of focal plane
described above, a detector system with the following
features would be desirable:

1. cover the full focal plane area,
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2. provide X and Y position with 1 mm resolution,

3. give a fast time signal for time-of-flight measure-
ments, which can be used to extract energy and also to
remove the (M/q) ambiguity,

4. give a reasonably good AE signal,

5. measure total energy,

6. measure Z whenever possible,

7. have a reasonably large dynamic range, and

8. have minimum material in the path of the incoming
particle.

Since a detector system of this type would have to be a
combination of detectors, it would be desirable to have it
modular to increase its versatility and make it easier to
handle. We have designed, fabricated and tested a detector
system satisfying the above requirements. It consists of a
2-D position sensitive low-pressure multiwire proportional
counter [6] and a split-anode transverse ionization detector.
The system is designed so that each of the detectors can be
operated independently or as a composite system.

2. Test detector

Before undertaking the fabrication of the MWPC for
HIRA, it was decided to fabricate a smaller prototype
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detector of the same type. A test detector with an active
area of 45 mmiX45 mim was fabricated for this purpose.
The detector is a parallel grid avalanche detector. The
electrodes are two grids of 0.5 mm spaced 25 pm wires,
soldered to two sides of a 1.6 mm thick double sided G-10

PCB. The windows are 2 pm plain mylar foils. One of the

electrodes is lzpnt at I‘nuh vr\]taop whereas the other ig

grounded through a 50 Q resistor, across which the signal
is observed.

The detector was tested with 3-8 Torr isobutane at
voltages varying from 350 to 600 V. Using a fast preamp,
signals of the order of 3—5 ns rise time were observed. In
combination with a partially depleted F-series surface
barrier detector, 1 ns time resolution was obtained. The
detector gave similar performance with fission fragmenis
obtained by bombarding oxygen ions onto a bismuth
target. An energy signal was also extracted from the
detector in order to study its ability to discriminate
between the heavy fission fragments and the lighter beam-

lika narticlag The anactrmim ohtainad i chawn in FHio 1
KO Paiicies. 10 Spoiliuin Oo0uainea 1s sadwil 1n rig. 1.

The detector was designed such that it can be made
position sensitive by replacing the PCB with another one
where the wires can be connected to a resistor chain or to
the taps of a delay line chip. This was done by fabricating
a PCB which consisted of three grids of 1 mm spaced 25
pm wires. The interelectrode spacing is 1.6 mm. The wires
on the central and one of the outer electrodes are con-
nected to stripes, centre to centre spacing 3 mm, with the
two grids running orthogonally to each other. These give
the X and Y position. The third electrode can be used for
timing and/or AE. Connections to the electrodes are made
such that high voltage and ground electrodes can be chosen
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as desired. The stripes are comnected to a resistor chain,
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Fig. 1. Multiparameter plot of energy deposited in the MWPC
versus energy deposited in the surface barrier detector.
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Fig. 2. Software processed spectrum obtained by masking the
MWPC with aluminium foil with “NSC” cut out and using a
»2Cf source. Width of the opening for the letters is 1 mm.

one end of which is capacitively coupled to ground and the
signal is observed from the other end.
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voltage of —450 V on the outer electrode and —225 V on
the central electrode. Using a ***Cf source and a mask with
1 mm wide slits, the FWHM obtained was 1.3 mm. Using
a mask with “NSC” cut out, the software processed
spectrum obtained is shown in Fig. 2.

The design of the detector is modular. Each frame is an
electrode or a window frame, making the detector quite
compact. However, this design restricted ease of replace-
ment of the electrodes or windows and also restricted
modifications. As the detector was to adapt to the outlet
flange at the focal plane, where there is sufficient space
and it is not essential that the detector be compact, for the

ldlgﬂ arca UCLCK/LUI, LllC UCblgll was lIlUUlllCU.

3. Large area MWPC

A cchematic diaoram of the detector i chown in Fie. 3
A senematc giagram O (ne GeleCior 1§ snown 1n rg. 2.

The housing is a 350 mmX300 mm, rectangular SS flange,

.30 mm thick, with a 245 mm diameter step cut out. The

step is sufficient to accommodate rectangular electrode
frames which provide an active area of 190 mmX60 mm.
The larger dimensions for the flange are required so that it
can couple to a rectangular chamber of matching dimen-
sions, 50 cm deep, following the MWPC. A pumping
station is provided between the exit flange of the HIRA
and the MWPC. The entrance window is a2 1.5 pum thick
aluminized mylar foil, glued onto a 6 mm thick G-10
frame with a 190 mmX60 mm slot cut out. The window

frame is attached to the exit of the pumping station. 70 wm
tungsten wires cnacgd 10 mm apart, verucallv as well as
horizontally, glued along with the foil, provide support to
the window to withstand pressure. The exit window frame
has identical dimensions but is made of 15 mm thick SS
and the slot is 135 mmX35 mm. It also forms the entrance
window to the ionization detector following the MWPC.
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Fig. 3. Schematic diagram of the detector system.

The MWPC is electrically isolated from the pumping
station with the help of a 15 mm thick G-10 frame.

The active volume consists of three electrodes, an anode
sandwiched between two cathodes. The electrode frames
are 1.6 mm thick G-10 PCBs. Grids of 25 um gold plated
tungsten wires, spaced 1 mm apart, are soldered to the
frames. A spacing of 3.2 mm is maintained between the
electrodes by using 1.6 mm thick unclad PCBs as spacers.
The central electrode, the anode, has all the wires inter-

connected and nrovides the time and AE sienal. The
COMICCea anad proviaes the tux anG 4o §Signdi. 1o

detector is made position sensitive usmg the delay line
technique. The delay lines used are chips from Peizo
Electric, model PE 21173, having nine taps, 40 ns delay
per chip and with 100 ) characteristic impedance.

On the X-sensing cathode, each wire is connected to the
tap of a delay line. A double sided printed circuit board,
with plated through holes, had to be used in order to
accommodate the high density of lines. The aim was to
minimize the differential nonlinearity and achieve better
than 1 mm position resolution. Requirements for position
resolution in the Y-direction are not that stringent and,
hence, on the Y-sensing cathode, three wires were inter-
connected and then connected to a delay line tap. Signals
can be taken from the two ends of the delay line chain. 100
) resistances are connected to ground at the two ends of
the chain for impedance matching.

4. Ionization detector

A schematic representation of the detector is shown in
Fig. 3. The detector housing is a 150 mm diameter

o Spre

cylinder The entrance ﬂausc has been described earlier.
Two 6 mm thick G-10 bars, 37 mmX200 mm, are
mounted along their breadth onto the back flange using
aluminium L-channels. The electrodes, made of 1.6 mm
thick G-10 PCBs, are 135 mm wide and 185 mm deep, and

are mounted lenothwise onte the G-10 bars. The orid—-
are mounied :enginwise onte i iU Dars. 1€ grid

cathode and grid—anode spacings are 40 and 6 mm,
respectively. The grid is a nickel mesh with 89.5%
transmission, soldered to the PCB frame. The anode is split
into two sections along the depth of the detector. The
mounting is such that it is possible to change the depths
without much difficulty. For initial tests, the depths were 9
cm for the AE and 9.5 cm for the E,. These were later
changed to 5 and 13.5 cm, respectively.

There is provision to mount PCBs along the side faces
of the bars and at the front as well as the back of the
detector active volume. Using these mountings, either a
Faraday cage arrangement or field shaping can be pro-
vided. The former arrangement was used in the initial tests.
However, since this does not provide a uniform field over
the full active area and could lead to degradation of the
resolution at the edges, we changed to the latter. BNC and
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Lemo vacuum feedthroughs are provided on the back
uange to cairy the mguam out and there is also a pluvmu}u
for gas inlet and outlet on the back flange. Additionally, a
mounting arrangement is provided on the back flange for

mounting a 2-D position sensitive surface barrier detector.

5. Electronics

The electronics block diagram is shown in Fig. 4. For
the LP-MWPC, positive HV is supplied to the central
electrode, the anode, while the outer electrodes are
grounded. The anode is connected to a charge sensitive
preamplifier (EG&G Ortec 142A, which gives a timing as
well as energy signal). On the cathodes, one end is
connected to the 142A, while the other end is terminated
through a 50 ) resistor. Fast timing preamplifiers, like the
VT 120 from EG&G Ortec, have also been used to obtain
the optimum timing (<5 ns rise time), but it was not then

noggihle to oghtain o qional fron o gamn nrasmanl

AL +h
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The time signals are fed to CFDs (EG&G Ortec 935). For
the position measurement, the time signal from the anode
is used to start the TAC while the stop signal comes from
the cathode through a delay. A TAC range of 1 ws and 100

ns i used for the measurement of the X and Y nnclhnn

respectively. The AE signal is fed to a spectroscopy
amplifier. The TAC and amplifier signals are carried to the
ADC (EG&G Ortec ADS11) and the strobe to the ADC is
derived from the anode CFD output.

The preamplifiers for the ionization detector were
fabricated at NSC using the CS507 [7] preamplifier chip.
They were then mounted inside the detector volume in
order to minimize the cable length from the elecirodes to
the preamplifier input. This gave a better signal-to-noise
ratio. However, possibly due to improper heat dissipation,
some of the resistors burnt off, which caused the noise to
worsen. Under these conditions, the signal-to-noise ratio
far the B3 Ortac TA2A nraamn  whan nlacad antgide
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Fig. 4. Block diagram of the electronics for the detector system.

the detector, turned out to be better and so the CS507
imiam i li G ane xsramn avrardiialle; smmencrad Tlha olcimale Femian
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the preamplifiers were fed to spectroscopy amplifiers, with
a shaping time of 2 ps, and subsequently to the ADC. The
gating is provided by the PPAC anode signal as described
earlier.

6. Test and performance

6.1. MWPC

The detector was initially tested with a >>>Cf source at 6
Torr and 520 V on the anode. The anode signals observed
from EG&G Ortec VT120 preampiifiers showed approxi-
mately 5 ns rise time. In order to obtain an energy signal in
addition to the time signal, we eventually used a charge
sensitive preamplifier, the EG&G Ortec 142A. The rise
time observed with this was approximately 20 ns.

The detector was then masked by a slit structure
consisting of 1 mm wide slits, 10 mm long, running
horizontally as well as vertically. The response of the
detector has been found to be quite linear in position with
a position resolution =1 mm. A rigorous test for time
resolution has not been carried out using a source. How-
ever, an estimate is obtained from the >*Si+%Zn experi-
ment, described in Section 7. After correcting for target
thickness, kinematic broadening and width of the pulsed
beam, the resolution was estimated to be less than 1.5 ns,
assuming the time spread through the spectrometer to be
around 0.5 ns. Both the time and position resolution can be
improved by using fast preamplifiers.

Assuming 100% efficiency for the ionization detector
mounted behind the MWPC, which was independently
verified as described in Section 6.2, the efficiency for the
MWPC can be determined. For the ***Cf source, 100%
efficiency for the fission fragments is obtained by oper-

atino the detactar at § Torr and 550 V Thig ic the oneratino
aung ne GeleCior at 3 1017 andG 20U V. 1118 15 e gperaung

pressure for most of the beam runs where it is additionally
checked online to ensure 100% efficiency.

Beam ftests

The detector was used in an experiment to study sub-
barrier fusion cross-sections for the reaction **Ti+
88084\, at energies around the Coulomb barrier. The
HIRA was set for the recoiling evaporation residues and
the detector was operated at 4 Torr, with 450 V on the
anode. The beam-like particles which do make it to the
focal plane have to be separated out from the particles of
interest. This can be achieved by doing a time-of-flight

measurement with a start detector at the entrance of the

HIRA or by using a pulsed beam. However, in some cases
this can also be achieved by extracting a AE signal from
the MWPC. In our case, we could obtain efficient sepa-
ration by using the AFE signal. Fig. 5 is a multi-parameter
plot of AE vs X-position for fusion-evaporation residues
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Fig. 5. Multi-parameter plot of energy deposited in the MWPC
versus X-position at the focal plane for evaporation residues from
(160 MeV) “°Ti+""Ni.
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of the recoiling evaporation residues from the beam-like
particles.

6.2. Ionization detector

After masking the detector with a PCB with a 10 mm

hole in the centre, it wag tested with a 252(‘1: source, using

hole in the centre, it wag tested with a ource, using
isobutane gas. The operating voltage was maintained at
1.25 V/Torrcm for the grid—cathode region and 2.5 V/
Torr cm for the grid—anode region [8]. The tests were
carried out at different gas pressures. At 64 Torr and with
the CS507 preamplifiers, the best resolution observed was
4%. With the EG&G Ortec 142A, the best resolution
obtained was 2.7%. The efficiency was found to be 100%
by comparing with a surface barrier detector subtending
the same solid angle.

6.2.1. Beam tests

The detector has also been tested with a 150 MeV ®Si
beam. For this test, the anode was split into two sections, 9
and 9.5 cm deep, providing AE, and AE,, and a 2-D

nosition sensitive girin detector TQ] was mounted at the

position sensitive strip detector vas mounted at th
back providing E,. The detector was mounted on the 20°
port of the general purpose scattering chamber at NSC
[10]. An aluminium sheet, with a 20 mm hole in the centre,
was mounted on a movable arm in front of the detector to
mask the detector and allow scanning of different regions.
Using a gold target, the energy resolution, for operating
parameters the same as for the source test, was 2.4%. No
corrections have been made for target thickness, kinematic
broadening or entrance foil thickness. The detection ef-
ficiency for the heavy ions was verified to be 100% by
comparing with counts in the strip detector at the back. For
Z identification, an aluminium and a nickel target were
used. The spectrum obtained with the aluminium target is

Sy 285 (150MeV) + 274

AE;
(arb.units)

AEy+ Eg (arb. units) 78

Fig. 6. AE, vs (AE,+E,) spectrum for (150 MeV) **Si+?*’ Al with
the detector placed at 20°. Symbols are described in the text.

shown in Fig. 6. The AZ/Z obtained is around 1/42 for

Z_1A

= 14.

7. Detector system in conjunction with the HIRA

A nino ofation hac haan nravidad at tha facal nlana
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chamber, the exit of which is a rectangular flange compat-
ible with the dimensions of the MWPC. The window
frame is mounted on this flange. At the exit of the MWPC,
an identical frame provides the exit window. The ioniza-
tion detector entrance window ﬂanoe also has the same
dimensions. Hence, whenever both the detectors are to be
used in conjunction, the MWPC exit window frame is
replaced by the ionization detector. This eliminates an
extra window in the path of the ions. In some applications,
the second window may also be removed and both the
detectors could be operated at the same pressure.

This configuration has been used to study fusion prod-
ucts from *>*S on ****°°Ty, at energies around the
barrier, using a 3 ns wide pulsed beam. The flight time of
the recoils is of the order of 600 ns. We have used a beam
pulse interval of 250 ns as well as 1 ps. The energy vs

time-of-flight spectrum obtained for the latter is shown in
Fig 7 where it can be seen that with the heln of the

Iig. WwACIC Lo Ladl OC SCCIH ulal Wil UlC gCip G ull

ionization detector, a clean separation can be obtained
between the recoils of interest and beam-like particles
reaching the focal plane. A similar separation can also be
obtained by using the energy signal from the MWPC, but
this is not as clean. No separation is possible, however,
using the ionization detector AE vs E information.

In another experiment, a pulsed, 78 MeV, >*Si beam was
bombarded onio a **Zn target. For this case, the energy of
the Zn-like recoils may be high enough for Z-identifica-
tion. However, due to energy losses in the two mylar foils
and the target, the final energy is much lower. Hence, Z is
not determined, although separation between beam-like
and recoils is obtained. In addition, using the pulsing
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Fig. 7. Energy versus time-of-flight spectrum for the particles
produced in the fusion-evaporation reaction of an 80 MeV, pulsed,
*’S beam incident on a “*Ti target.

system RF and the timing signal from the MWPC, the
TOF of the recoils is recorded. A multi-parameter spec-
trum displaying TOF vs position at the focal plane, gated
for the recoils using the TOF vs energy information, is
shown in Fig. 8. The M/q ambiguity is clearly resolved
using the TOF information obtained from the MWPC and
pulsing system,

‘One of the problems encountered with the system is the
smaller size of the ionization detector, whereby all the
recoils do not go into the back detector. The active area of
the ionization detector is 120 mmX35 mm, whereas the
HIRA can disperse recoils up to 150 mmX40 mm. About
15% of the recoils have been found to be missed in some
experiments due to this. Another limitation is the depth of
the detector, due to which the ion counter has to be
operated at higher pressures. Since the MWPC timing
performance deteriorates at higher pressures, this does not

128
285;(78 MeV) +582n

TOF (arb.units) —

° X~ position (mm) —» 256

Fig. 8. Time-of-flight versus X-position at the focal plane, gated
for recoil particles, for the transfer reaction of 78 MeV 85
incident on a °®Zn target. The TOF is obtained using the pulsing
system RF and timing from the MWPC.

allow operation of the two detectors in the same gas
volume.

8. Summary

A focal plane detector system has been fabricated and
used in a number of experiments with the HIRA. It
consists of a low-pressure multiwire proportional counter
and a split-anode ionization detector. Using slower charge
sensitive preamplifiers, the time and position resolution of
the MWPC has been estimated to be <1.5 ns and =1 mm,
respectively, which has been found to be sufficient for
most applications with the HIRA. The resolutions can be
improved by going back to fast preamplifiers. The energy
resolution has been found to be 2.4% for **Si scattered off
a gold target, without any corrections incorporated. With
products from **Si+7’Al, the AZ/Z is 1/42 for Z=14.

Using the detector system with the HIRA no Z-identifi-
cation has been possible for the systems studied, due to the
low specific energies of the ions. However, the energy
information from the ionization detector is used, in con-
junction with time-of-flight, for beam rejection and for
resolving the M/g ambiguity. Also, in some cases, the
AE-E information is used for beam rejection. Separation
of the beam-like particles from particles of interest has also
been quite effective by using the AE signal from MWPC,
in particular for the fusion studies carried out at NSC.

Due to the smaller size of the ion counter, some recoils
are missed. Also, due to the smaller depth, operation at low
pressures is not possible. To overcome these problems, a
larger ionization detector is being fabricated which is 450
mm deep and has an active area equivalent to the MWPC.
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