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Abstract: Inorganic scintillators play an important role in the
detection and spectroscopy of gamma and X-rays, agell as in
neutrons and charged particles. For a variety of aplications,
new inorganic scintillation materials are being stdied. New
scintillation detector applications arise continuosly and,
consequently, the interest in the introduction of Bw fast
scintillators becomes relevant. Scintillation crystls based on
cesium iodide (Csl) have relatively low hygroscop&asy handling
and low cost, features that favor their use as radtion detectors.
In this work, lithium and bromine doped Csl crystals were grown
using the vertical Bridgman technique. In this techique, the
charge is maintained at high temperature for 10 h dr the
material melting and complete reaction. The temperare
gradient 21° C/cm and 1 mm/h descending velocity archosen as
technique parameters. After growth is finished, thefurnace is
cooled at a rate of 20° C/h to room temperature. T
concentration of the lithium doping element (Li) stidied was 1G°
M and the concentration of the bromine was 18 M. Analyses
were carried out to evaluate the scintillators deveped
concerning the neutron from the AmBe source, with mergy
range of 1MeV to 12 MeV. Lithium can capture neutrms without
gamma-ray emission, thus, reducing the back-ground.The
neutron detection reaction is®Li(n, a)®H with a thermal neutron
cross section of 940 barns. In this paper, it wasivestigated the
feasibility of the Csl:Li and Csl:Br crystals as reutron detectors
for monitoring, due to the fact that in our work environment
there are two nuclear research reactors and calibfgon systems.
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I. INTRODUCTION

The need to detect radiation appeared soorr dlfte
discovery of X-rays and radioactivity and it istatienge that
has extended to the twenty-first century. The taulia
detection and measurement of properties are refjuireall
facets of nuclear technology, i.e., the scientfiedies in the
operation of reactors for energy production, radat
protection, in industry and in the medical fielcheldiversity
of physical interactions between radiation and emat such
that it can be assumed that no detector may béeapipl the.

All Authors: Nuclear and Energy Research InstitiREN-CNEN/SP
Instituto de Pesquisas Energéticas e NucleareEN-IPNEN/SP

Av. Prof. Lineu Prestes 2242 Cidade UniversitafiP€05508-000 —

Sé&o Paulo-SP - Brazil

Maria da Conceigdo Costa Pereirmacoper@ipen.brorrespondent author
Tufic Madi Filho - tmfilho@ipen.br

José Patricio Nahuel Cardenaahiru@ipen.br

measurement of all types of radiation, even theegen
application of only one type of radiation, so teath detector
has limited applicability to particular cases.

The type of detector used depends on several fagiarticles
to be observed, the energy of the particle ancethéronment
in which the detector is used. So it is clear thechto develop
processes and tools to make perceptible the preseifc
particles and their properties.

Neutron detectors are essential in all fields oflear energy.
Devices that are placed in an environment whereetle a
radiation field are able to indicate its presenbkutron
detectors are constituted of a radiation-senséleenent and a
system that transform these radioactive effects mtvalue
related to a measured quantity of this radiaticmiing
radiation covers a broad spectrum of energy anterdift
types of interactions with matter. Consequentlghedetector
has its field of use defined by the type of radiatienergy
range and characteristics of the physical respohs®ng the
types of detectors, scintillators meet the divarseds in the
field of radiation detectionScintillators are materials capable
of producing light when ionizing radiation dissipsat its
energy in their midst.[1]

The scintillation method is still one of theostly used for
the detection of ionizing radiation. The universalof this
method is considered to be its main advantageantbe used
for registration of almost all types of radiationd wide range
of energy (varying from several eV to tens GeV).

Neutron detection with spatial, temporal aedergy
resolutions is important to the improvement of higtergy
physics, neutron forensics, non-proliferation of@pl nuclear
materials, nuclear energy, oil-well logging, tharsé for dark
matter, inelastic neutron scattering, astrophysstsictural
biology and it is fundamental to the advancemenhwflear
medicine, nuclear chemistry and magnetism.

In this work, the feasibility of the Csl:Li and CBF
crystals, as neutron detectors to be used for momi in
nuclear research reactors and in calibration systewas
investigatedThe pure Csl was used for comparison.

Il. MATERIALS AND METHODS

Lithium and bromine doped Csl crystals werevgr using
the vertical Bridgman technique in the Instituto Resquisas
Energéticas e Nucleares IPEN/CNEN-SP. In this tecln
the charge is maintained at high temperature foh I6r the
material melting and complete reaction, using a rtgua
crucible in vacuum atmosphere. The temperature ignad
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21° C/cm and 1 mm/h descending velocity were chasen natural radioactive sources in the environment nreasent.
technique parameters. After the growth had finish#te The measurement conditions were the same for witals,
furnace was cooled at a rate of 20° C/h to roonptature. namely, the distance between the source crystal taed
The starting material used with a purity of 99.99%&s counting time, the photomultiplier tube voltageg tkignal
obtained from Metal Gesellschalt K.K. The concetidraof amplification and the volume of crystala Fig. 2, the result
the lithium doping element (Li) studied was®® and the of the laboratory background radiation spectrushiswn.
concentration of the bromine (Br) was™1#I.

The grown crystals were subjected to heatrireat. In this
procedure, vacuum of fOmbar and continuous temperature
of 350° C, for 24 hours, were employed.

In the study of the response to neutron radiatibe,crystals
were polishedvith ethylene glycol and directly coupled to the

[. without CsILi crystal |

photomultiplier tube (RCA Model 8575, 21 pins) usin 'g o b
silicone grease (Dow Corning) viscosity of 0.5 Mui&ts, as 3

optical interface. This ensured uniform refractindex across 11
the contact surface between the crystal and phdtimiier 1 ‘

tube. Sides of the crystal, which was not in conteith the

photo-sensor, were covered with several layersefifom tape =
to ensure good reflection of light. The electromiodules used I T A e e e T T T e e
for the processing of signals from the photomukiptube are Channel

shown in Fig. 1.The detection efficiency of the scintillator

crystal was measured in two different positionsithe first Fig. 2 — Spectrum of the background radiation labmry
(position 1), the AmBe source was positioned aistatice of

(position 11), the AmBe source was positioned alistance of when excited by neutron radiation from an AmBs,source

5 cm from the photomultiplier tube, using paraffis the absorbs neutrons, resulting ifH and alpha particles;
interface. n +°Li (7,5%) — *H(2.75 MeV) +a ,as shown in Fig. 3. One

In response to neutron radiation AmBe source with Major attractive feature of Liis its very low csosection for
energy range of 1 MeV to 12 MeV was us@tie aclvity of ~gamma interactions; however, with a natural abuoeaof
neutrons/second. The operating voltage of the pholiiplier ~Magnitude more intensei enriched material is used.
tube was 1900 V; the accumulation time in the cimgnt
process was 1800 s. The scintillator crystals usete cut

with dimensions of 2 cm diameter and 2 cm high.
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Fig. 3 — Pulse height spectrum of the Csl:Li inaiga

Fig. 1 —Schematic representation of the electronics as®atia scintillator from the AmBe neutron Source.

with Csl: Li and Csl:Br scintillator crystals.

The curve shown in Fig. 4 illustrates the resdtir the
neutron radiation from an AmBe source using the:lCsl
scintillator crystal. Paraffin was used for therthalized of

IIl. RESULTSAND DISCUSSIONS fast neutrons. It can be observed that the Cstrystal shows
Before starting the measurements of neutrons wiggh 0, good discrimination for gamma radiation and newrdnmay,
Csl: Br and pure Csl crystals, the spectrum ofl#i®ratory therefore, be used to detect neutrons in envirotsneith the
background radiation was obtained. This measureme® presence of gamma radiation.[3,4,5]
carried out to evaluate the strength and influesicpossible
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Fig. 6 — Pulse height spectrum of the Csl:Br inoiga

Fig. 4 — Pulse height spectra of the Csl:Li inoigan scintillator, with paraffin.

scintillator, from radiation of°Co and AmBe sources.

In Fig. 5, the radiation of the neutron spectusing Csl:Li
and pure Csl crystals, under the excitation of amBg&
neutron source, is shown.
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Fig. 5 — Pulse height spectrum of the Csl:Li inaiga
scintillator and the pure Csl.

The largest number of counts obtained with tgstal
Csl: Li, when excited with radiation from a neutrémBe
source, compared to the number of counts obtairitdd pure
Csl crystal, demonstrates the incorporation ofidith in the
crystal structure.

In Fig. 6 and 7, the neutron radiation speasing Csl:Br
crystals, with and without paraffin, are shown.
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Fig. 7 — Pulse height spectrum of the Csl:Br inoiga
scintillator, without paraffin.

It should be noted that Br containing scintillatoaterials
become radioactive under neutron irradiation duethe
neutron capture iri°Br, resulting in®*™Br, which decays to
8Br with half-life of 17.6 min. The main decay pradis a
beta continuum of 2 MeV endpoint. [6,7,8]

In Fig. 8 and 9, the neutron radiation spectragipiure Csl
crystals, with and without paraffin, are shown.
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