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ABSTRACT

In recent years, there has been an increasing interest in finding new fast scintillating material or improve the
characteristics of known scintillators for the demand of high energy physics, industrial and nuclear medical ap-
plications. Divalent lead ions Pb2" built in some crystal structures are efficient emission centers and their appli-
cations in scintillators were and are still the reason of an intensive study of emission properties of different com-
pounds containing these ions. In this context, the crystals of Pb2* doped Csl matrix were grown by the vertical
Bridgman technique and subjected to annealing in vacuum of 10 mbar and constant temperature of 350°C, for
24 hours, and then they were employed. To evaluate the response of the Csl:Pb scintillator crystal to gamma
radiation, radioactive sources of ¥’Cs (662 keV), ®°Co (1173 keV and 1333 keV), ??Na (511 keV and 1275 keV)
and *°Ba (355 keV) were used. The operating voltage of the photomultiplier was 2700 V for the detection of
gamma rays and the accumulation time in the counting process was 600 s. The scintillator response to neutron
radiation from a radioactive source of AmBe with energy range of 1 to 12 MeV was available. The activity of the
AmBe source was 1 Ci Am. The emission rate was 2.2 x 10° neutrons / second. The operating voltage of the pho-
tomultiplier tube was 1300 V. The accumulation time in the counting process was 600 s. With the results obtai-

ned, it may be observed that the crystals are sensitive to these radiations.
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1. INTRODUCTION

The scintillation method is widely used for detection of various types of ionizing radiation. A scin-
tillator consists of material able to convert energy of absorber ionizing radiation into a flash light.
The flash light , usually visible or ultraviolet, emitted by a scintillator, is called scintillation. Any
scintillator should be transparent to the wavelength of its own emission. The use of scintillation to
detect radiation is a century old. The discovery of scintillator materials may be divided into three
periods. The first period included the earliest scintillators: CaWO, first used in the year following
Rontgen’s discovery for X-rays; uranyl salts used by Becquerel to discover radioactivity and by
Rutherford to study alpha particle scattering. The second period began with Hofstadter’s deve-
lopment of the thallium activated Nal. The third period, the past two decades, has witnessed a veri-
table renaissance in research and development of scintillator materials, prompted in large part by
the need for scintillators for precision calorimetry in high energy physics and for high light output
scintillators for medical imaging, geophysical exploration, tomography, astrophysics and numerous
other scientific and industrial applications.[1,2]

There is still considerable interest in finding inorganic materials with perfect scintillation properties
or improving the traditional scintillators, including alkali halides. In order to enhance the characte-
ristics of a known scintillator or to obtain a new crystal, it is necessary to solve many problems,
such as crystalline structure, chemical binding or impurity concentration, which is more advantage-
ous for high light output of a crystal.[3]

Scintillators based on cesium iodide are the leading ones among the materials available for radiation
detectors. Cesium iodide based scintillators have high luminescence yield accompanied by high
energy resolution and radiation stability. Cesium iodide has elements of ionic radius, namely: the
cesium ion (Cs*) radius is 1.652 A, electronegativity 0.7 eV and the iodine ion (I") radius is
2.256 A: electronegativity 2.5 eV the equilibrium value lattice separation is 4.512 A. This facilita-
tes the incorporation of a large number of cationic impurities. Various impurities have been inclu-
ded into alkali halides and their effects on electrical, magnetic and optical properties have been in-
vestigated. The Csl matrix is poorly hygroscopic, its constituents have a high atomic number, are

easy to handle and have relatively low cost.[4] Babin et al. [5] mention the interest in Csl: Pb crys-
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tals as possible materials for scintillators, since their luminescence is practically not studied. Some
data reported by different authors are quite contradictory. This indicates a complexity of this system
and a strong dependence on the optical characteristics of the crystals that may be related to the
method used for growth. According to Keszthelyi et al. [6], the scintillation characteristics of the
crystals are also influenced by the growth method used.

Divalent lead ions Pb?* in some crystal structures are efficient emission centers and their application
in scintillators was and is still the reason of an intensive study of emission properties of different
compounds containing these ions. The study of pure and doped cesium iodide has been the theme of
search in our laboratory. In continuation, a systematic investigation has been carried out in Pb2*
doped cesium iodide crystals under gamma and neutron excitations and the results are discussed in

this paper.

2. MATERIALS AND METHODS

Lead doped Csl crystals were grown using the vertical Bridgman technique. [7,8,9,10,11] The
grown crystals were subjected to annealing. In this procedure, vacuum of 10 mbar and constant
temperature of 350° C, for 24 hours, were employed. The crystals were cut into cylindrical form
and their faces were polished with ethylene glycol p.A. (C2HsOz). The side surfaces were left unpol-
ished to enhance internal reflection.

The luminescence decay time of each crystal was determined under excitation of 662 keVV gamma
rays from a *’Cs source. The scintillation photons were detected using a bi-alkaline photomultiplier
tube (model RCA 8575, 21 pins). The conformation of the signal from the photomultiplier tube was
obtained using the RC (resistor-capacitor) circuit having a time constant of approximately 5 ns and
fed directly to the oscilloscope (Philips PM3295A), resulting in the measurement of the decay of the
scintillation pulses. In Fig. 1 the electronic system used for luminescence decay time measurements

is schematically shown.
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Figure 1: Diagram of the electronic system used for luminescence decay time measurements.
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In the gamma ray response study, the crystals were cut with dimensions of 20 mm diameter and
20 mm high, polished and coupled directly to the bi-alkaline photomultiplier tube (model RCA
8575, 21-pin) using silicone grease (Dow Corning) of 0.5 McStokes viscosity as optical interface.
This ensures a uniform refractive index across the contact surface between crystal and photomulti-
plier tube. The sides of the crystal which were not in contact with the photosensor were covered
with several layers of polytetrafluoroethylene (PTFE) tape to assure good reflection of light. The
radioactive sources were positioned in the center of the upper face of the crystal. Conventinal OR-
TEC eletronic modules constitute the electronics for the treatment of the signals from the photomul-
tiplier tube. Gamma radiation sources with energies in the range of 335 keV to 1333 keV were used.
The operating voltage of the photomultiplier was 2700 V and the accumulation time in the counting

process was 600 s. In Fig. 2, the diagram of the measuring system is showed.
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Figure 2: Schematic representation of the electronics associated with the Csl:Pb scintillator crystal
coupled to the photomultiplier tube.
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The AmBe source with energy range of 1 to 12 MeV was used to study the neutron radiation res-
ponse. The activity of the AmBe source was 1Ci Am. The emission rate was 2.6 x 10° neu-
trons/second. The operating voltage of the photomultiplier tube was 1700 V; the accumulation time
in the counting process was 1800 s. The scintillator used was cut with dimensions of 20 mm diame-
ter and 10 mm high.

The detection efficiency of the scintillator crystal was measured with the AmBe source positioned
at a distance of 100 mm from the photomultiplier tube. A foil of cadmium (Cd) was placed around
the detector and the photomultiplier tube in order to avoid the scattered neutron contribution, as

showed in Fig.3. Paraffin shielding to protect the worker, was used.
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Figure 3: Exploded schematic representation of the array used for measurements.
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3. RESULTS AND DISCUSSION

In Fig. 5, the luminescence decay curves of the Csl:Pb crystals are presented. For comparison pur-

poses, the luminescence decay constant was determined for the pure Csl crystal, as shown in Fig. 4.

Figure 4: Luminescence decay time spectrum of pure Csl crystal.
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Figure 5: Luminescence decay time spectra of Csl: Pb crystals at various concentrations:
(@) 5x10* M, (b) 10 M, (c) 1,5x10* M and (d) 102 M.
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Fig. 5 and Fig.4 show the luminescence decay curves for the Csl:Pb and pure Csl crystals. As it
may be observed in these curves, there were no significant differences for the various
concentrations of lead in the crystals evaluated. The incorporation of the Pb into the Csl matrix, did
not, practically, change the luminescence decay time compared to that obtained for pure Csl, whose
values are between 13 ns and 17 ns. These results are very promising, i. g. to obtain crystals having
shorter decay time comparable to pure Csl scintillator crystal. The crystal of pure Csl produced in

this work, for comparison purposes showed a luminescence decay constant of 12 ns in accordance

with the literature [12,13,14].
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The luminescence decay time parameter is one aspect of crystal quality, especially for applications
requiring high radiation rates or high energy radiations. The luminescence decay time results found
in this work are encouraging since, with the introduction of dopant ions such as TI* or Na* in the
Csl matrix, it results in increased luminescence decay time for 1 s and 630 ns respectively. The
Csl:Tl crystal is one of the most efficient scintillators in gamma ray detection per unit volume, but
the long decay time, in the order of 1s, is one of its disadvantages, increasing the probability of oc-
currence of overlapping signals, when more intense radioactive sources are used. The decay time in
the order of 1s, practically makes it unfeasible rapid temporal studies, such as those of the decay
structure performed in nuclear physics. The Csl: Na crystal presents good light production, but the
luminescence decay time is still high for specific applications and its main disadvantage is the hy-
groscopy [1,2].

Fig. 6 to 9 show the gamma radiation spectroscopy results of **’Cs (662 keV), %°Co (1173 keV and
1333 keV), ?2Na (511 keV and 1275 keV) and *Ba (355 keV) obtained with the Csl:Pb crystals. It
may be observed that the crystals are sensitive to these radiations; however, the photopeak of these

radionuclides have not been identified.

Figure 6: Spectra obtained for the radiation of Figure 7: Spectra obtained for the radiation of
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Figure 8: Spectra obtained for the radiation of ~ Figure 9: Spectra obtained for the radiation of
137Cs, 89Co, ??Na and '*3Ba sources with Csl:Pb  3'Cs, 5°Co, ??Na and ***Ba sources with Csl:Pb
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From the curves obtained for the Csl:Pb crystals, using gamma radiation from the sources of 3'Cs,
9Co, 2Na and *Ba (Figs. 6-9) it was not possible to extract the resolution of these detectors. The
low resolution capacity of the crystals of Csl:Pb may be attributed to the self- absorption of the lu-
minescence in the crystals themselves, due to the presence of Pb in their structures. However, for
applications where the energy resolution is not a relevant item, the Csl:Pb crystals may be used
when a radiation detector with good mechanical resistance, relatively low cost of production and
different sizes and geometries is desired. In electromagnetic calorimeters, the need for large-scale
high-energy particle detectors has led to international collaboration to develop, optimize and pro-
duce scintillators for this purpose. The Compact Muon Solenoid (CMS) experiment in the Large
Hadron Collider (LHC) accelerator at CERN uses approximately 80,000 PbWO, (lead tungstate)
crystals, totalling approximately 100 tonnes [15]. Another project, ALICE, also in the accelerator
(LHC) will use 18,000 PbWO4 crystals, about 13 tons [16]. The crystal scintillator PbWO4 presents
light output of 250 photons / MeV and decay time of 5 to 15 ns [16,17].

Fig. 10 shows of measurements performed using the Csl:Pb crystals with concentrations 102 M,

10 M and 5x10* M and the neutron source.
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Figure 10: Results of the measurements using Csl:Pb crystal and neutron source.
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Csl:Pb crystals, when excited with radioactive source of AmBe with energy range of 1 to 12 MeV,

showed sensitivity to fast neutron, and the highest counting efficiency was obtained in the concen-

tration of 102 M.

4. CONCLUSION

The Csl: Pb crystals presented short decay time values, demonstrating the viability of their use for
measurements of high dose and high energy rates. These results have shown to be very promising
to obtain crystals having short decay time, when compared to the pure Csl scintillator crystal.

The crystals of Csl:Pb showed sensitivity to gamma radiation detecting the energies of the radioac-
tive sources used, although it was not possible to identify the corresponding photopeak.

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

In the dopant concentration range (Pb) studied, the best neutron detection efficiency was obtained

for the molar fraction 1072
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The results showed the feasibility of using the crystals developed in this work for application in
high energy physics. In our work environment, they may be applied as area of a neutron detector
and used in the personal dosimeter for the workers of the IEA-R1 and IPEN/MB-01 nuclear

research reactors.
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