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Abstract

Existing and planned spallation neutron sources require two-dimensional detectors for many experiments. Unlike the
requirements for steady-state neutron sources, it is essential that these detectors possess good time resolution to
determine neutron energy. A range of detectors based on gas proportional chambers, with low-noise encoding
electronics, has been fabricated at this laboratory, with properties well suited for use at spallation sources. These
high-performance detectors possess outstanding qualities in terms of dynamic range and stability of both recorded
neutron positions and response (efficiency), in addition to normal attributes such as good position resolution, high
detection efficiency and insensitivity to y-rays. We review here some of the major characteristics of the detectors, describe
recent advances, and illustrate their high level of performance with neutron scattering results. While relatively few such
detectors are required world wide, specialized efforts are required for their development. The additional opportunities
provided by new spallation sources will need continued advances in detector performance. © 1998 Published by

Elsevier Science B.V. All rights reserved.
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1. Introduction

Determination of molecular and crystal structure
in biology, solid state physics and polymer chem-
istry is an important application of the neutron
scattering technique. For example, in structural bi-
ology, hydrogen atoms are critical to structural
stability and enzymatic function; neutron diffrac-
tion provides a unique approach to the study of
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biological systems by allowing for determination of
hydrogen atoms, which are largely unobservable by
X-rays. The European Spallation Source and the
Spallation Neutron Source in the US are two of the
planned, next generation, thermal neutron sources.
These new, and existing, spallation sources, require
detectors with the usual characteristics of good
efficiency, low gamma sensitivity, high rate capabil-
ity, high position accuracy and stable response. An
additional requirement, compared with detectors
for steady-state sources, is timing resolution to per-
mit determination of neutron energy. At Brook-
haven, we have been developing, for some years,
thermal neutron detectors based on wire chambers
with *He, for reactor-based experiments. They are
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equally well suited for spallation sources; here we
describe some of their important features.

2. Two-dimensional proportional chambers
2.1. Operating principles

We have designed and fabricated two-dimen-
sional detectors with a wide range of collecting
areas, from 5cm x Scm to 50 cm x 50 cm. Common
features are an absorption and drift region, fol-
lowed by the multiwire chamber proper, with posi-
tion-encoding on each of the two cathodes.
Fig. 1 shows a cross-section of the electrode struc-
ture, the total gas depth from window to lower
cathode typically being about 15 mm. After neutron
conversion in the absorption region, primary ioniz-
ation drifts through the upper cathode wires and
creates an avalanche on the anode plane. Induced
charge is created on both cathodes, whose interpo-
lating characteristics permit determination of the
center of gravity of the anode avalanche with good
linearity [1]. A centroid finding technique [2]
achieves a high absolute position accuracy and
a high position resolution with small avalanche size
because of the number of signal nodes on each axis
of the detector. With node spacings of order 1cm,
and anode avalanche size of about 0.1 pC (mea-
sured in 1 ps), electronic position line widths of well

below 1 mm are easily achievable. This most impor-
tant attribute is not possible in global encoding
methods with only two outputs per axis. The rela-
tively small avalanche size is a major reason that
this class of detector will operate, with no servicing,
for years at a time.

2.2. Position resolution and efficiency

The gas mixture used in these devices comprises
3He and C;Hg; the ratio is determined by the
efficiency and position resolution required. *He has
a very high cross-section for thermal neutron ab-
sorption (about 5500b at 2A, 24000b at 8 A), the
reaction products being given by

He + n—>H + p + 0.764 MeV.

The kinetic energy of the products results in the
creation of about 30000 primary electrons at the
neutron conversion point. Because of the finite
range of the triton and proton, the centroid of this
ionization is displaced from the actual interaction
position by about 0.4 of the range of the proton [3].
To achieve resolutions in the millimeter range,
a gas with significant stopping power is required for
the proton, such as propane. While other gases can
accomplish this task, propane is chosen because it
has a low sensitivity to y-rays, and is also compat-
ible with the gas purifier used for these detectors
[4]. Fig. 2 shows the calculated position resolution
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Fig. 1. Schematic diagram of proportional chamber geometry.
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