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Abstract. A two-dimensional position sensitive neutron detector has been developed.
The detector is a 3 He + Kr filled multiwire proportional counter with charge division
position readout and has a sensitive area of 345 mm × 345 mm, pixel size 5 mm × 5 mm,
active depth 25 mm and is designed for efficiency of 70% for 4 Å neutrons. The detector
is tested with 0.5 bar 3 He + 1.5 bar krypton gas mixture in active chamber and 2 bar 4 He
in compensating chamber. The pulse height spectrum recorded at an anode potential of
2000 V shows energy resolution of ∼25% for the 764 keV peak. A spatial resolution of
8 mm × 6 mm is achieved. The detector is suitable for SANS studies in the Q range of
0.02–0.25 Å−1 .
Keywords. Multiwire proportional counters; gas filled proportional counters; position
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1. Introduction
The multiwire proportional counters (MWPC) introduced by Charpak and Sauli
[1] in 1968 drastically changed the field of gas filled detectors. The MWPC is not
only the most widely used detector in high energy experiments, but also plays an
important role in other fields of research such as X-ray crystallography, neutron
scattering, biomedicine, astrophysics etc. MWPCs can be built in large size, have
relatively good energy and position resolution, high efficiency, good uniformity over
sensitive volume and show no radiation damage as compared to the solid state and
scintillation detectors. A variety of neutron PSDs have been developed and used in
neutron research centres, such as ILL, BNL, ORNL, and Riso [2,3]. As a part of our
programme on development of position sensitive detector for X-rays and neutrons
[4–6], we have designed and built a 2D position sensitive neutron detector based on
multiwire geometry and resistive wire readout. The important points in our design
are the best compromise of accumulated knowledge on the design and performance
of detectors, simplicity in its making and maintainance. The detector is useful
for neutron scattering studies such as neutron diffraction and small-angle neutron
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Figure 1. Electrode configuration in 2D neutron PSD with pressure compensation dome.

scattering. The salient features of the design and the test results are described in
this paper.
2. Detector design
Figure 1 shows a schematic diagram of the multiwire proportional counter geometry. The detector consists basically of an aluminium pressure vessel containing
the electrode structure. The pressure vessel has two chamber architecture: a flat,
neutron sensitive chamber with 25 mm active gap filled with 3 He mixture backed
by a torispherical pressure compensating chamber containing 4 He at the same pressure of 3 He mixture. An intermediate window separates the two chambers and
serves as front cathode. The electrode assembly mounted on a 200 thick SS plate
and consisting of two position sensing, resistive and orthogonally placed X, Y wire
grids with an anode grid centered between them, lie inside the sensitive chamber.
The grids are connected to the external electronic modules using ceramic to metal
feedthroughs mounted on the SS plate. The detailed specifications of the design is
given in table 1.
3. Detector operation
The anode provides the high electric field required for proportional counter operation. When high voltage is applied to the anode grid, in the vicinity of each anode
wire, equipotential lines which are concentric to the wires are developed. Neutrons
enter through the aluminium window and most of them are stopped in the absorption and drift region. The reaction by which neutrons are stopped in 3 He is: 3 He +
n → 3 H + p + 764 keV. The energetic reaction products, a 191 keV triton and a 573
keV proton, are emitted in opposite directions. The primary ionization created by
the proton and triton, about 30000 electrons, drifts under the influence of electric
field through the upper cathode and an avalanche takes place on the nearest anode
wire, or wires. The anode avalanche induces positive charge on both upper and
466
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Table 1. Specifications of the 2D PSD.
Active area

345 mm × 345 mm

Active depth

25 mm

Window

∼18 mm thick

∼9 mm

Spatial resolution

69 × 69 pixels

Dome wall
thickness
Pixel size

Anode grid

25 µm Au–W wire,
pitch 5 mm

Fill gas

He + Kr (2 : 1)
inactive chamber
4
He (3 bar) in dome

X, Y readout grids

25 µm SS wire,
pitch 5 mm, R = 51 kΩ

Efficiency

70% for 4 Å neutrons

Anode–cathode spacing

6.4 mm

Sensitivity

185 cps/nv

Maximum count rate

5 mm × 5 mm
3

5

∼10 events/s

lower cathodes which gets divided in the inverse proportion of the resistances of
the two segments and flows towards the ends. The two signals from each cathode
are amplified, added and then fed to a pulse divider whose output is proportional
to the ratio, signal from one end to the sum of signals from both the ends. This
ratio is a measure of the position on the cathode plane where charge is induced.
The method is therefore, called as charge division method. Since the two cathode
readouts are orthogonal to each other, a coincidence between the two gives the X
and Y coordinates of the ionization event. A multichannel analyser can record the
complete scattered intensities over the whole area of the detector simultaneously.
A laboratory-built data acquisition system [7] and a 3D display graphics routine
[8] are used to acquire and analyse the data.
4. Detector performance
The detector is tested for its performance with neutrons at beam hole no. 9 of
Apsara reactor. The detector is filled with 0.5 bar 3 He + 1.5 bar krypton gas mixture in active chamber and 2 bar 4 He in compensating chamber for initial testing.
Collimated neutron beam of size 4 mm × 50 mm and λ ≥ 4 Å is incident at the
centre of the active area and anode pulse height spectrum is recorded using 1 K
MCA. The 764 keV spectrum (figure 2) shows energy resolution of ∼25% at an
anode potential of 2000 V.
The formation of electron avalanches results in gas amplification or gas gain. The
overall performance of a proportional counter is expressed in terms of its gain which
depends on adjustable parameters such as detector geometry, operating voltage, gas
pressure and its chemical composition. The gas gain, M at various anode voltages
is determined using the equation M = W Cf v/Xe, where X is the full energy of
3
He(n,p) reaction, i.e. 764 keV, v is the pre-amplifier output, Cf is the feed-back
capacitance of the pre-amplifier, e is the electron charge and W is the average
energy required to form an ion pair. A gas gain of 1.7 × 103 is obtained at an
anode voltage of 2300 V.
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Figure 2. Pulse height spectrum with neutron beam from Apsara reactor.
The 764 keV peak due to 3 He(n,p) reaction is well-resolved and discriminated
from that of accompanying γ-rays.

Figure 3. Position spectrum of direct beam at various positions on the active
area along X-direction (LHS) and that of a Cd–Pb-borated rubber mask with
7 holes (φ = 6 mm, pitch = 20 mm) (RHS). Six holes are clearly seen.

Position resolution along X-direction is determined by measuring the detector
response to direct neutron beam incident normally at various positions of the active
area by shifting the whole detector in horizontal direction. Figure 3 shows position
spectrum taken at three positions on the active area. At these positions spectrum
is also recorded by covering the detector with a Cd–Pb-borated rubber mask with
hole pattern of various dimensions in vertical plane (Y -direction). The spectrum
obtained at the centre is also shown in figure 3. Optimization of high voltage and
shaping time constant is carried out to get good position resolution and count rate.
The position resolution of 8 mm × 6 mm has been estimated from the position
spectrum recorded.
To test the detector for its application to small-angle scattering experiments,
scattering spectra are recorded with alumina, sandstone and CTAB micelle samples.
A broadening of the peak and significant increase in scattered intensity in the tail
region of the peak are observed in all the samples. Figure 4 shows the position
spectrum of the direct beam and that of scattered beam with alumina sample kept
in the path of direct beam at a distance of 1.5 m from the detector respectively.
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Pramana – J. Phys., Vol. 63, No. 2, August 2004

Two-dimensional position sensitive neutron detector

Figure 4. Position spectrum of 100 φ direct neutron beam (λ ≥ 4 Å) (LHS)
and that of scattered beam with alumina sample placed in direct beam (RHS).
Sample to detector distance ∼1.5 m.

The alumina spectrum shows isotropic angular distribution of scattered neutrons
as expected. This indicates that the detector is capable of giving good-quality
spectrum, and thus meets the intended requirement of the SANS experiment. The
present 2D PSD is suitable for SANS studies in the Q range of 0.02–0.25 Å−1 .
5. Conclusions
A 2D position sensitive detector with 34.5 cm × 34.5 cm active area is designed
and fabricated for neutron scattering studies and tested for its performance with
neutrons of λ ≥ 4 Å. The position information is obtained using charge division
method and recorded with a laboratory-built data acquisition system. A spatial
resolution of 8 mm × 6 mm (FWHM) is obtained which can be improved by filling
the detector with gas mixture at higher pressures. With the present design the detector can be used for SANS experiments in the Q range of 0.02–0.25 Å−1 . The test
results obtained are comparable to that of similar detectors developed elsewhere.
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