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In this work we present the results of the application of the “light attenuation” method to extract position information out of a large bi-

dimensional scintillating plate, to be used as a neutron detector.
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En este trabajo se detalla el método de extraccién de la informacién en posicién para la deteccidn de neutrones por una placa bidimensional

grande de material centelleador por atenuacién de luz.
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1. Introduction

The motivation of this work comes from the recent interest
in the precise measurement of angular distribution of mono-
energetic neutron elastic scattering on heavy targets at small
angles (< 10 deg) [1-4].

A nice review of the past and present status of “neutron
spectrometry” can be found in [5].

It is well known that mono-energetic neutron fluxes are
produced as a product of a primary nuclear reaction (typically
d(d, n) or d(t, n)) [6], with intensities around a few hundred
and up to a few thousand neutrons per second. It is then of
paramount importance, in order to proceed successfully with
a study of neutron scattering off any target, using a flux as
low as those, to have the largest solid angle coverage to de-
tect every scattered neutron.

Large detector arrays highly segmented, known as “ho-
doscopes” have been used, but in this work we develop a de-
vice that is much simpler in its implementation, much less ex-
pensive in its construction, and requires less associated elec-
tronics (for further information on position sensitive detectors
see [7]).

As a particle traverses a scintillating material, a spark of
light is produced at that spot. This light is “viewed” by an
array of photomultipliers placed at different locations around
the active scintillating material. However, the amount of light
reaching each detector is different. This “attenuation” is a
function of the distance from the spark to each photomul-
tiplier, a combination of the intrinsic light attenuation (ab-
sorption) and the variation with distance of the solid angle
presented by each photomultiplier.

In this work we present a careful study of such distance
dependent light attenuation, for two different scintillating

material geometries, with the goal of developing a two di-
mensional position sensitive detector for neutrons.

Although we will not deal in this work with the “spectro-
metric” information (energy deposition or pulse height), it is
worth at this point mentioning that all position reconstruction
algorithms rely on the knowledge of the initial amplitude of
the signal, which has to be recovered as well. In that sense,
the spectroscopic information is part of the information pro-
vided by the detection system we are proposing here.

2. Experimental procedure

Although the detector we aim to build is intended for neu-
tron detection, it is much easier for developing and testing
purposes to work with gamma rays, since low activity com-
mercial sources are available. At a latter stage, the uniform
cosmic ray (mainly muons) and neutrons will be used.

The data we are presenting in this work was obtained with
the gamma radiation from a %°Co source. It is well known
that this isotope emits two photons in cascade (that is one
after the other in the same event). The first one of energy
1.1732 MeV and the second one of 1.3325 MeV.

The scintillating material we used is a commercial plas-
tic by Bicron (BC-416). Some of its main characteristics,
relevant for this work are (see [8] for full details): Poly-
vinyl Toluene based, 1.032 g/cm? density, 4 ns light pulse
decay time, 5.25 and 4.73 (x10??) Hydrogen and Carbon
atoms/cm3 respectively, intrinsic light attenuation coefficient
(down to Io/e) 210 cm.

Because of the low atomic number of this material, the
probability of photoelectric interaction is very small, since
it goes approximately like Z"/E3® [9] (Z being the atomic
number of the material and E, the photon energy, the light
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produced in the detector will come from molecular excita-
tions induced by moving electrons from Compton Scattering
of the two gamma rays in the material.

Figure 2 (see below) shows a collection of such “typical”
Compton Scattering spectra.

Light produced by the interaction of charged particles
(“Compton electrons” in our case) with the scintillating ma-
terial is converted into a current (or voltage) pulse by one or
several photomultipliers (RCA 4523 in our study), that are
optically coupled to the active detecting volume usually with
the help of a light guide, or just optical grease or glue.

Figure 1 shows schematically the setup used along our
measurements. The electric pulses from the photomultipli-
ers are handled by standard NIM electronics (also shown
schematically in Fig. 1), and by a CAMAC-based data acqui-
sition system developed by our group at IFUNAM [10]. The
scintillating material was shaped in two ways; i) an hexago-
nal prism 30 cm long, 10 cm apothem (a geometry we have
already studied [11, 12], and ii) a plate 150 long, 60 cm wide
and 5 cm high. In both cases one single photomultiplier is
coupled to them.

The %°Co radioactive source is placed in a small lead col-
limator on top of each detector at different distances from the
photomultiplier. In the results we show below, a larger value
of this distance means further away from the photomultiplier.

3. Results

Figure 2 shows the spectra obtained by the hexagonal geom-
etry. The well known form of the Compton scattering ap-
pears. And as expected, the spectrum “moves” towards the
lower channels as the source moves away from the photo-
multiplier. Because the intrinsic attenuation length (210 cm)
is larger than the distances measured and shown in Fig. 2,
this position dependence has to be qualitatively understood
in terms of the change in solid angle presented by the photo-
cathode to the light spot. Due to light reflections in the plastic
walls, the specific form of this dependence is complicated. A
full simulation (Geant-4) is required to understand this phe-
nomenon. Such work is currently underway and results will
be published soon elsewhere.
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FIGURE 1. Schematic representation of the experimental setup
used in this work. Frame (a) the hexagonal prism, (b) the plate.
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FIGURE 2. Energy spectrum from the detection of gamma rays
from a %°Co source by the hexagonal configuration. All spectra
were taken by counting a constant time (300 s). Each curve cor-

responds to a different distance between the source and the photo-
multiplier as shown in the insert.

Figure 3 shows a summary of this measurement where
the channel corresponding to the “Compton edge” of each
spectrum, is plotted against the distance of the gamma source
to the photomultiplier. The smooth curve corresponds to an
exponential function fitted to the data.

It is never enough stressing of the importance of geomet-
rical details. The results just shown correspond to the case
where the faces of the prism are not well polished, in order
to disrupt large internal reflection patterns. If, on the other
hand, the surfaces of the prism are well polished, reflections
set up internally and the position information is totally de-
stroyed. Figure 4 shows the equivalent to Fig. 3, but with
polished faces.
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FIGURE 3. For the hexagonal prism configuration, this plot shows
the channel number corresponding to the “Compton Edge” for each
spectrum as a function of the distance between the 5°Co source to
the photomultiplier. The fit corresponds to a pure exponential de-
cay law.
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FIGURE 4. For the hexagonal prism configuration, WITH POL-
ISHED FACES, this plot is the equivalent to that in figure 3 for a
prism whose faces have been “sanded out”.

A similar procedure is carried out with the large plate
configuration. The gamma source is placed on top of the scin-
tillating plate along a line perpendicular to the photocathode
of the photomultiplier at different distances. Pulse high spec-
tra are taken for each distance.

Figure 5 corresponds to the plot of the total integral of the
spectrum of each distance (proportional to the total number
of photons detected) versus that distance.

Similarly to the hexagonal prism case, a strong, position
dependence is observed.

4. Discussion

The data presented above shows strong position dependence
in the response of our detection system in both geometries
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FIGURE 5. For the large plate configuration, this plot shows the
integral of each spectrum as a function of the distance between the
50Co source to the photomultiplier. The two fits correspond to a
pure exponential and an inverse square law.

studied. An attempt to fit of this dependence with a single ex-
ponential decay yields “attenuation coefficients” (80 cm for
the prism and 6.4 cm for the large plate) inconsistent with
each other and with the intrinsic attenuation length value (210
cm), a clear indication that the main factor in the position de-
pendence of our signals is NOT the intrinsic absorption.

In Fig. 5, besides the fit to an exponential function, two
other curves are shown corresponding to fits to (A+Bx"™) for
“n” equals -1 (hyperbola) and -2 (inverse square law). In the
case we consider the intrinsic attenuation negligible, those
curves represent the approximated functional dependence of
the solid angle with distance for two dimensions (negligible
thickness plate) and three dimensions (volume) propagation
of light within the plastic scintillator.

An interesting feature is that the position dependence ob-
tained is stronger for the large plate than it is for the hexago-
nal prism, a fact that can very well be put to practice in order
to obtain good position resolution in a two dimensional de-
tector, as planed.

Figure 6, shows the result of a calculation where the large
plate has 4 photomultipliers optically coupled to the corners
cut at 45 angle. Most of the active area of the detector
is shown to provide position resolution better than £ 1 cm,
other regions with worst resolution (near each corner) are also
shown, in the darkest areas the resolution is quite poor (up to
+ 5 cm).

This situation can be significantly improved by adding
more photomultipliers to the configuration.

Ambiguities arising from multi-hit events (more than one
particle being detected simultaneously), are also solved with
more photomultipliers “viewing” the plate.

5. Conclusions

Position information out of a large scintillating piece of ma-
terial can be obtained through the attenuation suffered by the
light as it travels from the spot it is produced to the detecting
(photomultiplier) device.
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FIGURE 6. Calculation. For the large plate configuration hypothet-
ically viewed by 4 photomultipliers placed in the corners cut at 45
deg. A 1% pulse high resolution is assumed. Position information
with a sensitivity better than 1 cm is obtained throughout most of
the active area, near the photomultipliers, it degrades to better than
2, 3 and 5 cm as we move closer to the Photomultipliers and the
edge of the detector.
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The main attenuation factor is not the intrinsic absorption,
but instead losses by solid angle coverage of the detecting de-
vice (photomultiplier).

Care must be taken in all specific geometric details. In
particular polishing or not the surfaces of the faces of the
active detection material is critical. It has been shown how
much this position information can be destroyed in one case.

Bi-dimensional information (x, y) can be extracted from
a rectangular large plate, provided sufficient number of pho-

tomultipliers are viewing the active volume from different di-
rections.
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