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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR INSTRUMENTATION — HOUSED SCINTILLATORS -
TEST METHODS OF LIGHT OUTPUT AND INTRINSIC RESOLUTION

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62372 has been prepared by IEC technical committee 45: Nuclear
instrumentation.

This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Title has been modified.

To review the existing requirements and to update the terminology, definitions and
normative references.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
45/913/FDIS 45/915/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.


https://standards.iteh.ai/catalog/standards/iec/b9cfbda8-b135-4447-b6bb-082ed72402a7/iec-62372-2021

IEC 62372:2021 © |IEC 2021 -5-

NUCLEAR INSTRUMENTATION — HOUSED SCINTILLATORS -
TEST METHODS OF LIGHT OUTPUT AND INTRINSIC RESOLUTION

1 Scope

This document is applicable to housed scintillators for registration and spectrometry of alpha-,
beta-, gamma-, X-ray and neutron radiation.

The main parameters, such as a light output and intrinsic resolution are established. This
document specifies the requirements for the testing equipment and test methods of the basic
parameters of housed scintillators, such as:

e the direct method is applicable to measure the light output of housed scintillators based on
scintillation material. The housed scintillators certified by this method can be used as
working standard of housed scintillators (hereinafter: working standard) when performing
measurements by a relative method of comparison.

e the relative method of comparison with the working standard is applicable to housed
scintillators based on the same scintillation material as the working standard.

This document does not apply to gas or liquid scintillators and scintillators for counting and
current modes.

The numerical values of the parameters are set to the specific type of scintillators in the
specifications.

2 Normative references

There are no normative references in this document.

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

scintillator
luminescent material, usually liquid or solid, showing radioluminescence with a short afterglow

[SOURCE: IEC 60050-845:1987, 845-04-37]

3.1.2
housed scintillator
scintillator, housed in a container with a reflector and optical window
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3.1.3

scintillation detector

radiation detector consisting of a scintillator that is usually optically coupled to a
photosensitive device, directly or through light guides

Note 1 to entry: The scintillator consists of a scintillating material in which the ionizing particle produces a burst
of luminescence radiation along its path. A common scintillator is Nal(TI).

[SOURCE: IEC 60050-395:2014, 395-03-01]

3.1.4

assembly

light protective chamber containing a housed scintillator, photomultiplier (PMT), PMT voltage
divider

Note 1 to entry: Assembly is used for testing of the housed scintillator.

3.1.5

light yield

n

ratio of scintillation photons summed energy (E,) to energy (E) lost by ionizing particles in the
scintillator

—
E

Note 1 to entry: Value of n depends on type and energy of ionizing particle.

3.1.6

light output

C

ratio of total energy (Lph) of scintillation photons, which pass through the output window of the
housed scintillator of ionizing radiation, to energy (E), lost by ionizing particles in the
scintillator

C :_ph
E
3.1.7
intrinsic resolution of housed scintillator of ionizing radiation
Ry

component, given by housed scintillator of ionizing radiation to energy resolution of the
scintillation detector

Note 1 to entry: The intrinsic resolution R, is defined from the relation:

R, :\/Rj_Rf,ma

where
R, is the energy resolution of the scintillation detector;

Rpm is PMT intrinsic resolution.

3.1.8

total absorption peak

portion of the spectral response curve corresponding to the total absorption of photon energy
in a radiation detector
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Note 1 to entry: This peak represents the total absorption of photon energy from all interactive processes,
namely, a) photoelectric absorption, b) Compton effect, and c¢) pair production.

[SOURCE: IEC 60050-395:2014, 395-03-94]

3.1.9

photomultiplier tube spectrometric constant

A

parameter, characterizing properties of the photomultiplier tube

Note 1 to entry: Defined by the following formula:

A=(R;-R)xC,,

where Cph is light output, photons/MeV.

3.1.10

working standard

working standard of housed scintillator that is used to check the measuring system and to
measure the light output by a method of comparison

3.1.11

full width at half maximum

FWHM

in a distribution curve comprising a single peak, the distance between the abscissa of two
points on the curve whose ordinates are half of the maximum ordinate of the peak

Note 1 to entry: If the curve considered comprises several peaks, a full width at half maximum exists for each
peak.

3.1.12

expanded uncertainty

expanded uncertainty quantity defining an interval about the result of a measurement that may
be expected to encompass a large fraction of the distribution of values that could reasonably
be attributed to the measurand

Note 1 to entry: The fraction may be viewed as the coverage probability or level of confidence of the interval.

Note 2 to entry: To associate a specific level of confidence with the interval defined by the expanded uncertainty
requires explicit or implicit assumptions regarding the probability distribution characterized by the measurement
result and its combined standard uncertainty. The level of confidence that may be attributed to this interval can be
known only to the extent to which such assumptions may be justified.

[SOURCE: JCGM 100:2008, 2.3.5]

3.1.13

relative expanded uncertainty

ratio of the expanded uncertainty of a measurement to average value of quantity. It expresses
the relative size of the uncertainty of a measurement (its precision)

3.2 Symbols and abbreviated terms

the photomultiplier tube spectrometric constant;

a the assembly conversion factor with the housed scintillator;

a; the value of conversion response, measured at energy value of E;;
Amax the maximal value of q;

Amin the minimal value of a;

Aa the value of nonlinearity;

C the light output, in relative units;
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the light output, photons/MeV;

the light output of the working standard, photons/MeV;

the full width at half maximum of peak;

energy lost by ionizing particle in the scintillator;

the maximum gamma radiation energy;

summed energy of scintillation photons, which have arisen in scintillator;
the initial point of housed scintillator conversion response, in energy units;
the coverage factor;

the assembly conversion factor;

total energy of scintillation photons;

coefficient of spectral matching;

the number of energy values used,;

the average value of conversion factor;

a photomultiplier tube;

the PMT photocathode quantum sensitivity;

the PMT photocathode spectral characteristic;

the energy resolution of the scintillation detector;

the energy resolution of scintillation detector with working standard;
the intrinsic resolution of the measured housed scintillator;

the intrinsic resolution of the working standard;

the PMT intrinsic resolution;

the expanded uncertainty;

the combined standard uncertainty;

the value of pulse height corresponding to total absorption peak maximum of the
measured housed scintillator;

the initial point of housed scintillator conversion response;

the value of pulse height corresponding to total absorption peak maximum of the
working standard;

the value of pulse height corresponding to total absorption peak maximum for single
measurement;

pulse height at the input of the assembly, the number of channels;

the value of pulse height which corresponds to £, the number of channels;

the initial point of assembly conversion response;

the initial point of assembly conversion response with the housed scintillator;

pulse height at the output of the assembly, the number of channels;

the value of FWHM,;

the average value of the controlled parameter at the beginning of the measurement;
the average value of controlled parameter at the end of the measurement;

the scintillator spectral characteristic;

the instability value;

light yield.
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4 Test methods of basic parameters of housed scintillators

4.1 General
411 Test conditions

Measurements shall be made under normal conditions, unless otherwise specified in the
specifications of the manufacturer of housed scintillators.

Measurements should start at least 0,5 h after the last device has been switched on, unless
otherwise specified by the manufacturer specifications.

Before measuring, the housed scintillator and the PMT are kept under high voltage for the
time necessary for getting to the operation condition. Before measuring, the PMT is kept
under high voltage for the time necessary for getting to the operation condition.

All parameters are measured during the complete blackout of the housed scintillator and PMT.

Optical contact between the housed scintillator and the PMT is provided by the material
specified in the manufacturer specifications of the housed scintillator.

For the measuring, the following condition of choosing PMT should be reached: the working
part of the photocathode shall overlap the output window of the scintillator.

It is allowed to apply a light guide or an assembly of several PMT, if technical characteristics
and use conditions of light guide or assembly are specified in the specifications.

The measured housed scintillator is mounted on the PMT photocathode by optical contact,
unless otherwise is specified in the manufacturer's specifications.

It is allowed to place a source of ionizing radiation inside the light protective chamber.
PMT voltage should correspond to its attached data for operation conditions.

The spectrum of pulse height should be measured to define operation conditions of the
assembly.

4.1.2 The sources of ionizing radiation

Enclosed radioactive sources of alpha-, beta-, gamma-, X- and neutron radiation with known
energies should be used. The source of radiation shall be selected depending on the
application of measured housed scintillator according to Table 1.

Table 1 — Source of ionizing radiation

The application of housed scintillator

Source of radiation according to application

Alpha-radiation of radionuclides

239Pu,2‘”Am, 244Cm or 237Np

Beta- radiation

137Cs or 207B;j

Gamma-radiation of radionuclide

13708

Low gamma- and X-radiation

55Fg, 109Cd, 24'Am and %7Co

Neutron radiation

29pu+Be, 24'Am+Be or 252Cf

For measurements with the gamma- or X-radiation sources, they should be placed along the
scintillator axis at minimum distance of not less than two diameters or a diagonal of the
scintillator.
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For measurements with the alpha- or beta-radiation sources, they should be placed directly on
the entrance window of the housed scintillator.

For measurements with the alpha- or beta- sources, it is allowed to use a single-hole or multi-
hole collimator with a hole diameter less than the thickness of the collimator.

4.1.3 The assembly test conditions

The current of the divider should exceed the PMT average anode current more than 10 times.

PMT power supplies shall provide high voltage stability better than 0,05 % and divider current
more than 0,5 mA.

At low-resistance inputs of subsequent stages of the measurement section the measurements
may be performed without matching stage.

For a recording device providing a pulse heights spectrum suitable for further processing
multi-channel pulse analyzers, which have an output recording device of any type that
registers and allows to give the pulse height spectrum in form convenient for processing,
should be used.

4.2 Test methods of nonlinearity and instability of the assembly
4.2.1 Nonlinearity measurement
4.21.1 General

The dependence of the pulse height (V) at the output of the assembly on the signal (7;,) at
the input of the assembly (assembly conversion response) is defined according to formula:

v

out

=k, xV,

in

+V,,

where

ka

V, is the initial point of assembly conversion response.

is the assembly conversion factor;

If conversion response of the housed scintillator is linear, the assembly conversion response
with the housed scintillator is also linear:

%

out

=axE+V ,

Then

Vea =Vo +V, =V, +axeps, (1)

[«

where

E is energy lost by ionizing particle in the scintillator;

a is the assembly conversion factor with the housed scintillator;

Voq s the initial point of assembly conversion response with the housed scintillator;
Vq is the initial point of housed scintillator conversion response;

eps is the initial point of housed scintillator conversion response, in energy units.
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