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1.0 Introduction, Who we are...

This tutorial of SCIONIX scintillation detectors is meant for users of radiation detection
instruments to provide information on the different possibilities of scintillation materials
and readout methods.

For the detection of radiation a great number of possibilities exist. Scintillators are often
used for efficient detection of alpha- and beta-particles or electromagnetic radiation like
gamma-rays or X-rays. For each application, a choice must be made for the type of
scintillation material, its required size and the readout method. Also for the physical
realization of the instrument numerous possibilities exist. The optimum choice often
depends on the conditions in which your instrument should be used.

This tutorial provide you with some basic information about the physical properties of
different scintillation materials and their typical applications. A limited number of standard
detector configurations is presented. In practice, a scintillation detector is often "tailor
made" for a specific application and the presented range is only a selection.

The SCIONIX philosophy is that the final detector is the result of close cooperation
between us and you, the user of the instrument.

SCIONIX is a company producing equipment and components for radiation detection
instruments employing scintillation crystals and materials. We are located near
Utrecht in the center of the Netherlands, a 40 min drive from Amsterdam airport.

Scintillation detectors are being manufactured in The Netherlands since the 1960s. The
design and fabrication of high quality scintillation detectors require a vast amount of
expertise and experience. The long term presence of these qualities in the Netherlands
forms the foundation on which SCIONIX was established in 1992.

Our product range consists of scintillation detection instruments with associated front-
end electronics, often incorporated into the detector assembly. Key themes are: quick
interaction on new scientific developments regarding materials and detection techniques;
and close collaboration with end users.

We would like to invite you to learn more about SCIONIX and our products. Please feel
free to call us for additional information, prices, and our exact capabilities.



2.0 Scintillation detectors

In this section, a short overview of the use and general principle of scintillation detectors
is presented. Scintillation crystal parameters in relation to the application are discussed.

A scintillator is a material that converts energy lost by ionizing radiation into pulses of
light. In most scintillation counting applications, the ionizing radiation is in the form of
X-rays.,ays -amgdtidlesranginginenergy from a few thousand electron Volts
to several million electron Volts (keVs to MeVs).

2.1 General

Pulses of light emitted by the scintillating material can be detected by a sensitive light
detector, often a photomultiplier tube (PMT). The photocathode of the PMT, which is
situated on the backside of the entrance window, converts the light (photons) into
so-called photoelectrons. The photoelectrons are then accelerated by an electric field
towards the dynodes of the PMT where the multiplication process takes place. The result
is that each light pulse (scintillation) produces a charge pulse on the anode of the PMT
that can subsequently be detected by other electronic equipment, analyzed or counted
with a scaler or a rate meter.

Alternative ways to convert scintillation light into an electrical signal are Silicon
photodiodes (PDs) or Silicon Photomultipliers (SiPms). The operation principles and
different characteristics of these are discussed in a separate section. The combination of
a scintillator and a light detector is called a scintillation detector.

Since the intensity of the light pulse emitted by a scintillator is proportional to the energy
of the absorbed radiation, the latter can be determined by measuring the pulse height
spectrum.

To detect nuclear radiation with a certain efficiency, the dimension of the scintillator
should be chosen such that the desired fraction of the radiation is absorbed. For
penetrating r ad-oagst a material with @ highadensity is required.
Furthermore, the light pulses produced somewhere in the scintillator must pass the
material to reach the light detector. This imposes constraints on the optical transparency
of the scintillation material.

When increasing the diameter of the scintillator, the solid angle under which the detector
"sees" the source increases. This increases the detection efficiency. The ultimate
detection efficiency is obtained with so-called "well counters" where the sample is
placed inside a well in the actual scintillation crystal.

The thickness of the scintillator is the other important factor that determines the
detection efficiency. For electromagnetic radiation, the thickness to stop say 90% of the

incoming radiation dependsonthe X-r ay -roay 2ener gy. Forpartclesg ct r on
the same is true but different deppamdeeanci es

heavy ions) a very thin layer of material already stops 100% of the radiation.

[



The thickness of a scintillator can be used to create a selected sensitivity of the detector
for a distinct type or energy of radiation. Thin (e.g. 1 mm thick) scintillation crystals have
a good sensitivity for low energy X-rays but are almost insensitive to higher energy
background radiation. Large volume scintillation crystals with relatively thick entrance
windows do not detect low energy X-rays but high energy gamma rays are measured

efficiently.
2.2 Interactions in scintillation materials

Electromagnetic radiation can interact with matter via 1. photoelectric effect, 2.
Compton effect or 3. pair production. Effect 3 only occurs at energies above 1.02
MeV. In practice, all effects have a chance to occur, this chance being proportional to the
energy of the radiation and the atomic number (Z-value) of the absorber (the scintillation

material).
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In the Photoelectric effect, all energy of the radiation is converted into light. This effect is
important when determining the actual energy of the impinging X-ray or gamma-ray
photons. The lower the energy and the higher the Z-value, the larger the chance on photo

effect.

In real applications several interaction processes play a role as illustrated below.
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Below shows a typical pulse height spectrum measured with a 76 mm diameter, 76
mm high Nal(Tl) crystal in which the radiation emitted by a *3’Cs source is detected. The
photopeak, Compton maximum and backscatter peak are indicated. The lines around 30
keV are Barium X-rays also emitted by the source.
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The total detection efficiency (counting efficiency) of a scintillator depends on the size,
thickness and density of the scintillation material. However, the photopeak counting
efficiency, important for e.g. gamma-ray spectroscopy, is a strong function of and
increases with the Z4° of the scintillator. At energies below 100 keV, electromagnetic
interactions are dominated by the photoelectric effect.

El ect r onparticle® cag be bdckscattered from a material which implies that no
energy is lost in the interaction process and the particle is not detected at all. The
backscattering fraction is proportional to the Z of the material. For Nal(Tl) the backscatter
fraction can be as high as 30%! This implies that for efficient detection of electrons, low
Z materials such as plastic scintillators or e.g. CaF2:Eu or YAP:Ce are preferred. Also
the window material is of importance.

2.3 Xintillator response to gammarays

a. Pulse height spectrometry

The basic principle of pulse height spectroscopy is that the light output of a scintillator is
proportional to the energy deposited in the scintillation material. The standard way to
detect scintillation lighti s t o coupl e a scintillator-ray
spectrometer usually consists of a preamplifier, a main (spectroscopy) amplifier and a
multichannel analyzer (MCA). The electronics amplifies the PMT charge pulse resulting
in a voltage pulse suited to detect and analyze with the MCA. The schematic is shown
below.

HV Supply MCA
Scintillation Detector | VD J Pre- Main
Amplifier Amplifier
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Alternatively, currently available digital techniques allow to directly digitize the (pre-

amplified) pulses of the light detector (e.g. PMT or SiPm). Often programma b |l e FPGAOG s
are used for this. The optimum digital filtering constant (just as analog shaping time)

depends on the speed of the scintillation material.

The combination of a 14 pins scintillation detectorandaso-c al | ed #Adi gi tal ba:
construct a compact gamma spectrometer that can be operated via a USB or Ethernet
port of a computer.

b. Energy resolution proportionality

An i mportantr agpegectofometer is the arbysl ity
with slightly different energy. This quality is characterized by the so-called energy
resolution which is defined as the (relative) width at half the height of the photopeak at

a certain energy.

Besi de s -rhyenetgy) the energy resolution is influenced by:

- The light output of the scintillator (statistics)
- Inhomogeneities in the scintillator light output and light detector response

At low energies where photoelectron statistics dominate the energy resolution, the
energy resolution is roughly inversepropor t i onal t o t he-ragepergyr € r 00|

In principle, the amount of light a scintillator emits per unit energy as a function of the
energy is constant. However this is not the physical reality. This so called non-
proportionality is vastly different for different scintillators and in the classic alkali halides
it provides the limitation of the energy resolution in the MeV energy range. Below the
proportionality of some typical scintillation materials is shown.

Gamma ray interaction in materials includes photo-electric effect, Compton effect and
pair production. Usually a combination of several of them takes place. Gamma ray
interaction in materials results in the production of energetic electrons. A non-proportional
electron energy versus light response leads to a broadening of the photopeaks.



b) Non-Alkali Halide Electron Responses a) Alkali Halide Electron Responses
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Scintillator proportionality is a material constant, different for each material

As such the energy resolution of a scintillator can be described with the formula below:
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Term 1 is the proportionality; term 2 the contribution by the statistics (amount of light
produced per interaction) and term 3 inhomogeneity effects in for example PMT or
scintillator.

The energy resolution of a scintillation detector is a true detector property, limited by
the physical characteristics of the scintillator and the PMT or other readout device.

A typical energy resolution for 66 2  k €ays absorbed in small Nal(Tl) detectors is 7.0
% FWHM. At low energies, e.g. at 5.9 keV, a typical value is 40 % FWHM. At these low
energies, surface treatment of the scintillation crystal strongly influences the resolution.
It may be clear that especially at low energies, scintillation detectors are low resolution
devices unlike Si(Li) or HPGe detectors.

The use of more proportional crystals like e.g. LaBrz:Ce, LBC, CeBrs or Srl2(Eu) allows
to achieve energy resolution numbers at 662 keV gamma rays down to the 3-4 % level.
In the section on high resolution crystals more details are provided on proportional

scintillation crystals.

c. Time resolution

The time resolution of a scintillation detector reflects the ability to define accurately the
moment of absorption of a radiation quantum in the detector.

The light pulse of a scintillator 1is ¢
(decay time see the section on scintillation properties. It is obvious that the best time

har acH



definition of an absorption event is obtained when the scintillation pulse is short (small
decay time) and intense. Furthermore, the rise time and time jitter (also called transit time
spread, TTS) of the PMT and of the electronics are important. For semiconductor readout
similar properties apply.

Small cm size Nal(Tl) detectors have typical time resolutions of a few nanoseconds for
60Co (1.2 MeV). Much better time resolutions can be attained with organic - or BaF2
scintillation crystals. BaFz is presently the fastest known inorganic scintillator with
detector time resolutions of a few hundred picoseconds. Also Cerium Bromide (CeBrs)
scintillators allow comparable time resolutions.

d. Peakto-valley ratio

A sensitive way to check the energy resolution of a scintillation detector is to define a so-
called peak-to-valley (P/V) in the energy spectrum. This criteria is not depending on any
possible offsets in the signal. Either the peak-to-valley between two gamma peaks is
taken or the ratio between a low energy peak and the PMT / electronical noise.

A good P/V ratio for a 76 x 76 mm Nal(TI) crystal is 10:1. This is equivalent to an energy
resolution of 7.0% at 662 keV. At 5.9 keV, a high quality Nal(TI) X-ray detector can have
a P/V ratio of 40:1.
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e. Sgctrum stabilization

Large count rate changes and temperature variations may cause peak position variations
in a spectrum. This effect is unavoidable in scintillation detectors since the light output of
the scintillator and light detector amplification is (in most cases) temperature dependent.
An additional program in the case of photomultiplier readout is hysteresis and memory
effects in PMTs which complicates correction algorithms. In silicon photomultipliers this
effect is not present.

To compensate for these effects it is possible to calibrate the peak position with a so-
called Am-pulser.

This is a very small radioactive 2**Am source mounted inside a scintillation detector. The
U-particles, emitted by the 242Am, cause scintillations in the crystal that are detected by
the PMT (or the photodiode) of the detector. For Nal(Tl), the U-peak is situated between
a Gamma Equivalent Energy (GEE) of 1.5 and 3.5 MeV and can be specified. Count
rates are typically 50, 100 or 200 cps. The position of the pulser peak is used as a
reference to compensate for the above mentioned variations in detector response.

10



241-Am pulser Nal(Tl) detector energy spectrum
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The above way of calibration is not ideal since the response of most scintillation crystals
f oo ay s -pamides iddifferent. However, a second order compensation using e.g.
a thermistor is only necessary for large temperature ranges.

For occasionally monitoring your system integrity, Light Emitting Diodes (LEDs) or laser
ports can also be used. LEDs can be mounted inside scintillation detectors or a window
for that purpose can be provided. Some special systems exist that intrinsically stabilize
gain of the detector by injecting pulsed LED light into the light detector and by comparing
it to the signal of a (stable) built-in semiconductor detector.

Besides the above described ways of pulse height stabilization, it is of course also
possible to stabilize electronically on the peak of an (always present) external source.
Sometimes the “°K background line can be used for this purpose.

243 AET OEI 1 AOT O ET OAOAA ORI 1ApagtitieQlEtechoR AOCAA P

Charged particles such as electrons, muons or charged particles ( e . garticlés) lose
energy through Coulomb interactions with the atomic electrons in the surrounding matter.
When selecting a detector for charged particles, the primary consideration is the type of
particle to detect.

2.4.1Weakly peretrating particles

This includes low energy electrons, protons, U-particles and heavy ions. The rate of
energy loss in matter increases as the charge and mass of the particle increase, but the
conversion of particle energy in scintillation light decreases. The number of photons
produced by a5 . 4 MpaMicleUs only a fraction that produced by a gamma photon
with the same energy. This fraction varies per scintillator and the so-called alpha/gamma
ratio can vary between roughly 0.1 (organic materials) and 0.8 for some alkali halides.
Separate from the emitted energy and the specific scintillator, the energy resolution for
particles also depends on the surface treatment of the material.

The following aspects should be considered. The entrance window of the detector should
be very thin to minimize the energy loss. aluminized mylar windows are normally used.
The thickness of mylar windows canvaryb et we e n 2 ¢ enmlaayers of 2 tiGron
double-sided aluminized mylar are never 100% light-tight.

11



2.4.2Minimum ionizing particles

Particles in this group are usually single charged with a low mass and a high energy.
Their energy loss per unit path length is small. Common examples of minimum ionizing
particles are cosmic muons and fast electrons. In a plastic scintillator, minimum
ionizing particles lose several MeV per cm material. Applications include calorimetry and
electron spectroscopy.

Entrance window material and thickness are usually not that important since the particles
normally pass through the window and the entire scintillator.

An example of the detection of muonsareso-c al | ed fAimuon suppression
out of large are plastic scintillators read out by PMTs that can be built inside the plastic
scintillator. Since the deposited energies are large small single PMTs are sufficient to
discriminate the muon signal above the gamma background. Muons suppression shields
are usually custom-made. SCIONIX can offer matching electronics for such applications.

e
|t

SEERNONNET,

3 Properties and use of scintillation materials

3.1 Scintillator properties

A large number of different scintillation crystals exists for a variety of applications. Some
important characteristics of scintillators are:

Density and atomic number (Z)

Light output (wavelength + intensity)

Decay time (duration of the scintillation light pulse)
Mechanical and optical properties

Cost

arwnE

12



1. Density & Atomic number

't i s clear that f orays,amateed vith achigh densitydaeadhegbt i on ¢
effective Z (number of protons per atom) is required (see above). Inorganic scintillation

crystals meet the requirements of stopping power and optical transparency, their

densities ranging from roughly 3 to 9 g/cm® makes them very suitable to absorb
penetrati ng -raysa dMaterials with highoZ-v al ues are -raysed f
spectroscopy at high energies (> 1 MeV).

2. Light output

Since photoelectron statistics (or electron-hole pair statistics) plays a key role in the
accurate determination of the energy of the radiation, the use of scintillation materials
with a high light output is preferred for all spectroscopic applications. The scintillator
emission wavelength should be matched to the sensitivity of the light detection device
that is used (PM, SiPm or photodiode).

3. Decay time

Scintillation light pulses (flashes) are usually characterized by a fast increase of the
intensity in time (pulse rise time) followed by an exponential decrease. The decay time
of a scintillator is defined by the time after which the intensity of the light pulse has
returned to 1/e of its maximum value. Most scintillators are characterized by more than
one decay time and usually, the effective average decay time is mentioned. The decay
time is of importance for fast counting and / or timing applications.

4, Mechanical,optical and scintillation properties

The most widely used scintillation material for gamma-ray spectroscopy Nal(TI) is
hygroscopic and is only used in hermetically sealed metal containers to preserve its
properties. All water soluble scintillation materials should be packaged in such a way that
they are not attacked by moisture. Some scintillation crystals may easily crack or cleave
under mechanical pressure whereas others are plastic and only will deform like CsI(TI).

13



Physical properties of the most common scintillation

materials
Material Density Emission Decay Refrac | Conversion | Hygroscopic
(g/cm?) Maximum Constant tive Efficiency
(nm) (2) Index 3
(2)
Nal(TI) 3.67 415 0,23 us 1.85 100 yes
CsI(TI) 451 550 0,6/3.4 us 1.79 45 slightly
Csl(Na) 451 420 0.63 us 1.84 85 yes
Csl(Undoped) 451 315 16 ns 1.95 4-6 no
Cs2LiYCls:Ce 3.31 275-450 nm | 1,50,1000 ns 1.81 30-40 yes
(CLYC)
CaF2z(Eu) 3.18 435 0.84 us 1.47 50 no
LaCls:Ce(0.9) 3.79 350 70 ns 1.90 95-100 yes
Srlx(Eu) 4.60 450 1-5 s 1.85 120-140 |yes
LaBr2g5Clo.15:C 4.90 380 35ns 1.90 140 yes
e (LBC)
bLi-glass 2.6 390/430 60 ns 1.56 4-6 no
SLi(Eu) 4.08 470 1.4 ps 1.96 35 yes
BaF, 4.88 315 0.63 ps/ 150 16 no
220 0.8 ns 1.54 5
CeBrs 5.23 370 18 ns 1.9 130 yes
YAP(Ce) 5.55 350 27 ns 1.94 35-40 no
LYSO:Ce 7.20 420 50 ns 1.82 70-80 no
BGO 7.13 480 0.3 us 2.15 15-20 no
CdWO. 7.90 470/540 20/5 ps 2.3 25-30 no
PbWO, 8.28 420 7ns 2.16 0.20 no
Plastics(*) 1.023 375-600 ns range 1.58 25-30 no

(1) Effective avemmge decay time for 2

(2) At the wavelength of the emission maximum

(3) Relative scintillation signal at room temperatur e  frays when coupled to a
photomultiplier tube with a bi-alkali photocathode.

(*) approximate data

In the table, the most important aspects of commonly used scintillation materials are
listed. The list is not extensive and new materials are developed regularly.

Each scintillation crystal has I ts omyn spec
spectroscopy, Nal(Tl), or CeBrs (high light output) are often used. For high energy

physics applications, the use of bismuth germanate BisGeszO12 (BGO) crystals (high

density and Z) or Lead Tungstate (PbWOa) improves the lateral confinement of the

shower. For the de t e c t i -particles, fCaFf{Eu) or YAP:Ce can be used instead of

plastic scintillators (higher density).

14



Scintillation materials and their
most common applications

Material

Nal(Tl)

CsI(Tl)

Csl(Na)
Csl(undoped)
CaFz(Eu)

Cs2LiYCl6:Ce
(CLYC)

LaCl;:Ce(0.9)

CeBrs

SLil(Eu)

LaBr2g5Clo.1s:
Ce (LBC)

Srly(Eu)

SLi-glass

BaF>
YAP(Ce)
LYSO
BGO

CdWO,

PbWO,

Plastics

Important Properties

Very high light output, good
energy resolution

Non-hygroscopic, rugged

High light output, rugged
Fast, non-hygroscopic
Low Z, high light output

Neutron detection capability
High resolution

Very high light output, very good
energy resolution

Very high light output, very good
energy resolution, low background

High neutron cross-section, high
light output

Bright, high resolution scintillator
(La-138 background)
Bright, high resolution scintillator

High neutron cross section, non-
hygroscopic

Ultra-fast sub-ns UV emission
High light output, low Z, fast
High density and Z, fast

High density and Z

Very high density, low afterglow
Slow decay times

Fast, high density, low afterglow

Fast, low density and Z high light
output

Major Application

General scintillation counting, Health Physics,
environmental monitoring, high temperature use

Particle and high energy physics, general
radiation detection, photo diode readout,

Geophysical, general radiation detection
Physics (calorimetry)

b detectors, U/b phosw
Nuclear identifiers, Physics

High resolution scintillation spectroscopy,

Health Physics environmental monitoring

High resolution spectroscopy, low background
applications

Thermal neutron detection and spectroscopy

High resolution gamma spectroscopy

High resolution gamma Spectroscopy

Physics, security

Thermal neutral detection

Positron life time studies, physics, fast timing
MHz-X-ray spectroscopy, synchrotron physics
Physics research, PET, High Energy Physics

Particle physics, geophysical research PET,
anti-Compton spectrometers.

DC measurement of X-rays (high intensity),
readout with photodiodes, Computerized
Tomography (CT)

Physics research (calorimetry)
General counting, particle and neutron
detection.
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Nal(Tl) scintillation crystals are used in a great number of standard applications for
det ect iadiationdécause of their high light output and the excellent match of the
emission spectrum to the sensitivity of photomultiplier tubes, resulting in a good energy
resolution. In addition Nal(Tl) is a relatively inexpensive scintillator. Nal(Tl) crystals show
a distinct non proportionality (see below) which results in a limitation of the energy
resolution at 662 keV to about 6% FWHM. Nal(Tl) crystals can be grown to large
dimensions (400 mm diameter) in ingots of many hundreds of kg. The material can be
cut in a great variety of sizes and shapes and cleaved in small diameters.

CsI(Tl) has the advantage that it is not really hygroscopic (its surface however is
influenced by humidity on the long term), and does not cleave or crack under stress. It is
a relatively bright scintillator but its emission is located above 500 nm where PMTs are
not that sensitive. However due to this property it can effectively be read out by silicon
photodiodes or SiPms. Thanks to its different decay times for charged particles having a
different ionizing power, CsI(Tl) crystals are frequently used in arrays or matrices in
particle physics research.

Csl(Na) is a hygroscopic high light output rugged scintillator like CsI(TI) mainly used for
applications where mechanical stability and good energy resolution are required. Below
120° C it is an alternative to Nal(Tl). Csl(Na) has its emission peaking at 400 nm like
Nal(Tl).

Undoped (pure) Csl is an intrinsic scintillator with same density and Z as Csl(Na). It has
an emission at approx. 300 nm and since its intensity is strongly thermally quenched at
room temperature it is relatively fast (ns decay time). There is a slow component present
in this crystal that makes up at least 10% of the total light yield. The emission spectra
below show how the emission spectrum of a scintillator can be influenced by its type of
activation.

Emission intensity and quantum effeciency compared to wavelength.

......

J Borosilicate

window (QE)
Fused silica window
(QE)

Pure Csl

aveiength (nm)

CaF2(Eu), Europium doped calcium fluoride is a rather old low density scintillation crystal.
Thanks to its low Z value it is well suited for the detection of electrons (beta particles) with
a high efficiency (low backscatter fraction). CaFz(Eu) is a relatively slow scintillator that is
not hygroscopic and inert to many chemicals. It is brittle and cleaves relatively easy.
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SLil(Eu) is used for the detection of thermal neutrons via the reaction

48 1

- 0 mT

Tm 71 FIF 8
The total Q-value of the alpha and the triton is 4.78 MeV. The resulting thermal neutron
peak can be found at a Gamma Equivalent Energy larger than 3 MeV. This allows to
separate neutron interactions from gamma events (< 2.6 MeV). Since the typical
absorption length (90%) of thermal neutrons in 6-Lil(Eu) crystals is only 3 mm the
efficiency for gamma rays can be made small. Lil(Eu) crystals are grown up to 25 mm in
diameter.

Lil(Eu) irradiated with Cs-137 and Co-60
s 662 keV
> 4 Thermal neutron peak
3
A 3 1332 keV/
3 /
= 1w ’\ /
A
© s
. "' i Al 2
14 -—omo worow o vse
0.1 - -
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6-Li glass scintillators offer the same possibility as 6Lil(Eu) crystals to detect thermal
neutrons. However, the light output is much lower than of Lil(Eu) scintillators and
therefore the neutron peaks are relative broad. In addition the scintillation efficiency for
the resulting particles is low so that the neutron peak appears at a location of
approximately 1.6 MeV in the gamma energy spectrum. 90% of thermal neutrons are
absorbed in only 1 mm of material.

All 6-Li containing scintillators can also be used for the detection of fast neutrons but the
efficiency of the nuclear reaction is smaller.

6-Li glass scintillator under Cs-137 and thermal neutron irradiation
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450 s
400
470 keV Compton edge

7!

350 i
300 4 }‘2
5

250

Counts (-)

200

150

100

3
3
W,
g.
& o
ot

Thermal neutron
peak at 1.7MeV

ok

1)

k‘
200 30 40

100 600

500
Channel (-)

700 800 900

1000

Further details on neutron detection can be found in the application note ineut r on
detectionwithsci nt i | | at or so.

Barium Fluoride (BaFz) is a non-hygroscopic scintillator with a very fast decay component
located at 220 nm. To detect this component, light detectors with quartz windows are used.
Barium Fluoride detectors allow fast sub-nanosecond timing for example for positron life
time measurements. It is a weak scintillator with a modest energy resolution at 662 keV
(typically about 10-12 % FWHM @ 662 keV.

17



BGO (BisGez012) has the extreme high density of 7.13 g/cm? and has a high Z value which
makes these crystals very suited for the detection of natural radioactivity (U, Th, K), for
high energy physics applications (high photo fraction) or in compact Compton suppression
spectrometers. Since the light output of BGO is modest, the energy resolution is inferior to
that of the standard alkali halides like Nal(TI) or CsI(TI).

YAP:Ce (YAIOs:Ce) is a high density (5.5 g/cm?3) oxide crystal with a decay time about 10
times shorter than Nal(TI) (23 ns) It is used in detectors for high count rate (up to several
MHz) The non-hygroscopic nature of this material allows the use of thin mylar entrance
windows. YAP:Ce can withstand gamma doses up to 10* Gray.

3.2 High resolution (proportional) scintillators

Currently there is an increased better understanding of the properties of scintillators and
what determines their intrinsic energy resolution. A number of materials have been
developed that exhibits a more proportional response to gamma rays than the classic alkali
halides (Nal(Tl), CsI(TI) etc). This has resulted in the availability of a class of proportional
scintillators. New materials are being developed constantly and the list below is not
extensive.

Bright proportional scintillator scan have energy resolutions around 3-4 % at 662 keV
gamma rays under optimum light detection conditions. Just as other scintillators each have
some advantages and disadvantages. Some typical proportionality curves are shown
below.

b) Non-Alkali Halide Electron Responses a) Alkali Halide Electron Responses

1.2 T T 1.5 T T
o +— Csl:Na
2 14} 1z —a— Nal:Ti
= o 1.4 | r . -
& 5 }1\’ —=— Csl:Tl
£ 1.0f ciirecniiiiianansd Do A:?: %_‘f ...... Al y : ,
£ ; p;qg:z-’f:vi?ﬁ" § 43l s}rf %
5 09f : }é" o 13 ¢ \.‘.
- [ o¥ ] 1
© ‘;{ f — o ] \.
T 038 . o 4z 1.2 | P T Wiy E
s % Lo - o CaF, |8 ¥ % '-\
£ B = LSO [= _ ) ' \.\
ga 0.7 o ¥ o YAP 5’ 11k ./ o |
e - —- BGO & . -
£ osf 5 - GSO 2 R
g 4 ¥ BaF, [ 49 u.‘."‘\.‘

05 & o LaCl, &

04 - L 0.9 1 1

10 100 1 10 100 1000
Electron Energy (keV) Electron Energy (keV)

Ref. W. Mengesha, T.D. Taulbee, B .D. Rooney, and J.D. Valentine.Light Yield
Nonproportionality of Csl(Tl), Csl(Na), and YAP IEEE Trans. Nucl. Sci. vol 45, no. 3,

(1998) pp. 456i 461

Proportional scintillators only offer their superior performance in energy resolution when the
light detection is optimized by covering the largest possible area with light detector (PMT or
SiPm).
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LBC (Lanthanum BromoChloride) LaBr2.ssClo.15: Ce scintillators have similar properties to
the well-known LaBrs:Ce crystals. Energy resolutions around 3.0% FWHM (662 keV) are
standard and the material is mechanically a little stronger than LaBrs. LBC crystals suffer
from the same La-138 background as LaBrs

CeBrs3 (Cerium Bromide) scintillators are characterized by a relatively high density and Z
and a proportional response to gamma rays. Typical energy resolutions are 4% FWHM for
662 keV.

The material exhibits a fast decay of typical 20 ns (for 51 mm crystals) with a negligible
afterglow. CeBrs is highly hygroscopic and provides the best performance when integrally
coupled to PMTs. Thanks to its fast light pulse rise time, CeBrs detectors can provide sub
nanosecond time resolutions, slightly worse than BaF2 detectors. With CeBrs scintillators
the 609 and 662 keV gamma lines from respectively radium and Cs-137 can easily be
separated.
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