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RESPONSE OF CsI:Pb SCINTILLATOR
CRYSTAL TO NEUTRON RADIATION

Maria da Conceicao Costa Pereira, Tufic Madi Filho, José Roberto Berretta, José Patricio Nahuel
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Abstract - The helium-3 world crisis requires a development
of new methods of neutron detection to replace commonly
used 3He proportional counters. In the past decades, great
effort was made to developed efficient and fast scintillators to
detect radiation. The inorganic scintillator may be an
alternative. Inorganic scintillators with much higher density
should be selected for optimal neutron detection efficiency
taking into consideration the relevant reactions leading to light
emission. These detectors should, then, be carefully
characterized both experimentally and by means of advanced
simulation code. Ideally, the detector should have the
capability to separate neutron and gamma induced events
either by amplitude or through pulse shape differences. As
neutron sources also generate gamma radiation, which can
interfere with the measurement, it is necessary that the
detector be able to discriminate the presence of such radiation.
Considerable progress has been achieved to develop new
inorganic scintillators, in particular increasing the light output
and decreasing the decay time by optimized doping. Crystals
may be found to suit neutron detection. In this report, we will
present the results of the study of lead doped cesium iodide
crystals (CsI:Pb) grown in our laboratory, using the vertical
Bridgman technique. The concentration of the lead doping
element (Pb) was studied in the range 5x10*M to 102 M . The
crystals grown were subjected to annealing (heat treatment). In
this procedure, vacuum of 10° mbar and continuous
temperature of 350°C, for 24 hours, were employed. In
response to neutron radiation, an AmBe source with energy
range of 1 MeV to 12 MeV was used. The activity of the
AmBe source was 1Ci Am. The fluency was
2.6 x 10° neutrons/second. The operating voltage of the
photomultiplier tube was 1700 V; the accumulation time in the
counting process was 600 s and 1800 s. The scintillator
crystals used were cut with dimensions of 20 mm diameter
and 10 mm height.
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I. INTRODUCTION

The disappearing inventory and minute natural abundance of
SHe gas necessitate the adoption of new technologies for the
detection of neutrons. The exclusive source of *He on Earth is
derived from the tritium stockpile, which decays to *He at a
rate of 5.5% per year. Despite the low *He supply, and
uncertain production rate in the future, this medium remains
by far, the most attractive for many applications. The desired
world deployment of the large area monitors to intercept the
smuggling of nuclear materials, alone, could consume the
entire 3He supply, limiting the prospects of nuclear science
and other applications that rely very heavily on 3He-based
detectors. Clearly, alternate neutron detection technologies
have to be developed. The inorganic scintillator crystal may be
an alternative.[1]

Scintillators are materials that convert the energy of ionizing
radiation into a flash of light. Scintillation material can be
gaseous, liquid, glass-like, organic (plastics), or inorganic. In
each case the material should be transparent to its own
scintillation light. Inorganic wide band gap ionic crystals are
the most widely used scintillators for detection of X-rays,
gamma rays, and thermal neutrons. The scintillation method is
widely used for detection of various kinds of ionizing
radiation. The modern physics of scintillators is a broad field
of fundamental and applied research dealing with a large
variety materials and applications.[2] Every year, the
scintillation method finds new applications in rapidly
developing fields of high energy physics, nuclear medicine,
geophysics, the monitoring of environmental, in devices and
systems for security inspection.

There are many different luminescence species and
scintillation mechanisms possible in inorganic materials. The
luminescence may be intrinsic to material and involve
electron-hole recombination; free, self trapped, and defect-
trapped exciton luminescence; constituent transition group per
post transition group ion fluorescence; core-valence band
transitions; or charge transfer transitions within a molecular
complex. Or it may be extrinsic, such as luminescence
associated with impurities or defects and additive dopant ions.
In the role of an activator, the dopant ion may be the
luminescence species or may promote luminescence as in the
case of defect bound exciton emission. [3,2]

Scintillators based on cesium iodide are the leading, among
materials available for solid-state detectors. Cesium iodide
based scintillators have high luminescence yield accompanied
by high energy resolution and radiation stability. Various
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impurities have benn incorporated into alkali halides and their
effects on optical properties and radiation detection have been
investigated. Ions such as Tl+, Br,, Li*, Pb?>" has been the
theme of pursuit in our laboratory, in the last years. In
continuation, a systematic investigation has been carried out in
Pb*" doped cesium iodide crystal to neutron response and the
results are discussed in this article.

II. MATERIAL AND METHODS
Lead doped cesium iodine crystals (Csl:Pb) were grown in our
laboratory, using the vertical Bridgman technique. [4,5,6] The
concentration of the lead doping was in the range 102M to
5x10*M. The crystal grown were subjected to annealing (heat
treatment). In this procedure, vacuum of 10 mbar and
continuous temperature of 350°C, for 24 hours, were
employed. Others details on the detector fabrication and
characteristics may be found in our previous publication [7 ].
In the study of response to neutron radiation, the crystals were
directly coupled to the photomultiplier tube using silicone
grease viscosity of 0.5 McStokes, as optical interface. This
ensured uniform refractive index across the contact surface
between the crystal and photomultiplier tube. Sides of the
crystals, which were not in contact with the photo-sensor,
were covered with several layers of polytetrafluoroethylene
(PTFE) tape to ensure good reflection of light. The electronic
modules used for the processing of signals from the
photomultiplier tube were constituted by conventional
ORTEC electronics. The detection efficiency of the
scintillator crystal was measured in two different positions: in
the first (position I), the AmBe source was positioned at a
distance of 100 mm from the photomultiplier tube. In the
second (position II), the AmBe source was positioned at a
distance of 100 mm from the photomultiplier tube, using
70 mm paraffin block as the interface. A foil of Cd was placed
around the detector and the photomultiplier tube was used to
avoid the scattered neutron contribution, as shown in Fig.1.
The fluency was 2.6 x 10° neutrons/second. The operating
voltage of the photomultiplier tube was 1700 V; the
accumulation time in the counting process was 600 s and
1800 s. The scintillator crystals used were cut with dimensions
of 20 mm diameter and 10 mm height.

Photomultiplier tube

CsI:Pb crystal

Paraffin wall

Paraffin block

AmBe source

Fig.1 - Exploded schematic representation of the array used
for measurements, (position II).

III. RESULTS
Figure 2 shows the Csl: Pb crystal grown by the vertical

Bridgman technique in our laboratory.
Csl; Csl;
L‘Sﬁ’? Cs['?h.%'

= ZsI:Pb  CsI:

(a) (b)

CsI:Pb CsI:Pb

Fig. 2 - CsI:Pb crystal with molar fraction 10> grown by the
vertical Bridgman technique. (a) before the heat treatment;
(b) after heat treatment and polishing.

The curve shown in Fig. 3 illustrates the experimental
results for the neutron radiation from an AmBe source using
the CsI:Pb 1072 M scintillator crystal. In order to verify the the
response to fast and thermal neutrons, a block of 70 mm of
paraffin was used. A Cd foil was placed around the detector
and the photomultiplier tube, to avoid the scattered neutrons
contribution.
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Fig. 3 - Results of the measurements using CsI:Pb crystal
102 M and neutron source, with paraffin, without paraffin,
with Cd foil and without Cd foil.

Fig. 4 shows the experimental results using CsI:Pb with
concentration 102 M, 10*M and 5x10* M, without paraffin
and without Cd foil.
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Fig. 4 - Results of the measurements using CsI:Pb crystal and
neutron source, without paraffin, with Cd foil.

III. CONCLUSION

The addition of the lead ions (Pb*") to the CsI matrix resulted
in crystals with promising results, when excited with neutron
radiation. The crystal showed sensitive to fast and thermal
neutron.

In the dopant concentration range (Pb) studied, the best
neutron detection efficiency was obtained for the molar
fraction 102, without the use of paraffin between the source
and the crystal and using cadmium.

In the experiment with the crystals at various concentrations of
the dopant, without the paraffin block between the detector
and the neutron source, a slight increase was observed in the
counts as a function of the increase in the concentration of
dopant Pb.
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