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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This part of ISO 12749 provides terms and definitions for concepts for dosimetry related to radiation
processing using gamma radiation, X-radiation, or accelerated electrons. Concepts related to the
calibration and use of dosimetry systems for operational qualification and performance qualification
of commercial radiation processing facilities and for dose monitoring for quality assurance during the
routine processing of products are defined. Terminological data are taken from the ISO/ASTM standards
developed by ISO TC 85 and ASTM International Committee E61. Care is taken to ensure definitions are
consistent with other technically validated documents such as VIM, ICRU and GUM.

Ungmbiguous communication of nuclear energy concepts is crucial since serious consequencgs can arise
from misunderstandings with regard to standards related to equipment and materials.liseqd in nuclear
enefgy activities. Concepts dealing with dosimetry related to radiation processing and-pro¢edures for
preparation, testing, and using dosimetry systems to determine the absorbed dose are prgsent in all
of the ISO/ASTM standards developed by WG3. To avoid misunderstandings, theSe concepts|need to be
des|gnated by common terms and described by harmonized definitions.

Corfceptual arrangement of terms and definitions is based on concepts systems that show corfesponding
relgtionships among nuclear energy concepts. Such arrangement provides'users with a strudtured view
of the nuclear energy sector and will facilitate common understandingof all related concepfs. Besides,
conpepts systems and conceptual arrangement of terminological data will be helpful to any Kind of user
bechuse it will promote clear, accurate and useful communicatiof.

© ISO 2015 - All rights reserved v
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Nuclear energy, nuclear technologies, and radiological
protection — Vocabulary —

Part 4:
Dosimetry for radiation processing

1
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Terms related to dosimetry, Terms related to Terms related to Terms related to
dosimetry systems, and dosimeters radiation processing measurement
ionization radiation facilities

Terms and definitions

the purposes of this document, the following terms and definitions apply.
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3.1 Terms related to dosimetry, dosimetry systems and ionizing radiation

3.1.1
dosimetry
measurement of absorbed dose by the use of a dosimetry system

[SOURCE: ISO/ASTM 52628:2013, 3.1.7]

3.1.2
absorbed dose
D

quotient of the de by the dm, where the de 1s the mean energy imparted by ionization radiatio
matter of rhass dm

Note 1 to enftry: It is expressed as

D=dg/dm

Note 2 to efptry: The special name for the unit of absorbed dose is gray (Gy), where l-gray is equivalent tg
absorption ¢f 1] per kilogram of a specified material (1 Gy =1] / kg).

[SOURCE: ICRU 85a, 5.2.5, October 2011, modified]

N to

the

Note 3 to enftry: In most radiation processing applications, absorbed dose is\in terms of absorbed dose to watler.

3.1.3

dosimetry system

used for measuring absorbed dose, consisting of dosimeters, measurement instruments and t
associated|reference standards, and procedures for the system’s use

[SOURCE: ISO/ASTM 52628:2013, 3.1.8, modified]

3.1.3.1
primary standard dosimetry system

heir

designated or widely acknowledged as having the highest metrological qualities and whose valde is

accepted without reference to other standards of the same quantity
[SOURCE: ISO/ASTM 52628:2013, 3:1:¥1, modified]

3.1.3.2

reference standard dosimetry system
generally Having the highestmetrological quality available at a given location or in a given organizaf
from which measureménts made there are derived

[SOURCE: ISO/ASTM.52628:2013, 3.1.13, modified]
3.1.3.3

ion,

routine dqsimetry system

calibrated against a reference standard dosimetry system and used for routine absorbed dose

measurements, including dose mapping and process monitoring
[SOURCE: ISO/ASTM 52628:2013, 3.1.16, modified]

3.1.34
transfer standard dosimetry system
used as an intermediary to calibrate other dosimetry systems, usually routine dosimetry system

[SOURCE: ISO/ASTM 52628:2013, 3.1.18, modified]

2 © IS0 2015 - All rights reserved
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314

ionizing radiation

consists of charged particles or uncharged particles, or both, that as a result of physical interaction,
creates ions by primary or secondary processes

Note 1 to entry: Charged particles could be positrons or electrons, and uncharged particles could be X-radiation
or gamma radiation.

[SOURCE: ASTM E170, 14a, modified]
3.1.4.1

gammra radiation
eledtromagnetic radiation emitted in the process of nuclear transition

[SOPRCE: IEC 60050, modified]

3.14.1.1
actjvity
A
quotient of —~dN by dt, where dN is the mean change in the number of nuclei in that energy gtate due to
spoptaneous nuclear transformations in the time interval d¢

Note¢ 1 to entry: Activity of an amount of radionuclide in a particular energy state at a given time.
Note 2 to entry: It is expressed as

A = -dN/dt

Not¢ 3 to entry: The special name for the unit of activity is becquerel (Bq), where 1 Bq=1s-1and 1 ¢i = 3,7x1010
Bqg.
[SOPURCE: ICRU 85a, 6.2, October 2011, modified]

3.14.1.2

deday constant
A
quottient of dN/N by dt, where.d¥/N is the mean fractional change in the number of nuclei in that energy
stafle due to spontaneous nuclear transformations in the time interval d¢

Note 1 to entry: Decay constdnt of a radionuclide in a particular energy state.

Notg 2 to entry: It is-eXpressed as

dN /N
d

A=

[SOPRCE:ICRU 854, 6.1, October 2011, modified]

3.1.4.1.3
half-life

T1/2
time taken for the activity of an amount of radionuclide to become half its initial value

Note 1 to entry: Half-life of a radionuclide in a particular energy state.

Note 2 to entry: T1/2 =In2/A, where A is the decay constant (3.1.4.1.2).

© IS0 2015 - All rights reserved 3
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3.1.4.2
X-radiation
X-ray

ionizing electromagnetic radiation, which includes both bremsstrahlung and the characteristic

radiation emitted when atomic electrons make transitions to more tightly bound states
Note 1 to entry: In radiation processing applications, the principal X-radiation is bremsstrahlung.
[SOURCE: ISO/ASTM 51608:2015, 3.2.1]

3.1.4.21

bremsstrghiung
broad-spedtrum electromagnetic radiation emitted when an energetic charged particle is influence
a strong ele¢ctric or magnetic field, such as that in the vicinity of an atomic nucleus

[SOURCE: ISO/ASTM 51608:2015, 3.1.4]

3.1.4.3
electron beam
stream of glectrons generated by an electron accelerator

3.1.5
calibration
set of opdrations that establish, under specified conditions, the(relationship between value
quantities [indicated by a measuring instrument or measuring system, or values represented |
material measure or a reference material, and the correspondingwvalues realized by standards

[SOURCE: ISO/ASTM 52628:2013, 3.1.3]

3.1.5.1
approved |aboratory

recognized national metrology institute; or has been formally accredited to ISO/IEC 17025; or h
quality system consistent with the requirements of ISO/IEC 17025

Note 1 to g¢ntry: A recognized national metrology institute or other calibration laboratory accredite

b of
y a

S a

l to

ISO/IEC 170125 should be used in order to ensure traceability to a national or international standard. A calibration

certificate grovided by a laboratory not having formal recognition or accreditation will not necessarily be p
of traceability to a national or internatignal standard.

[SOURCE: ISO/ASTM 51261:2013,'3.1.1, modified]

3.1.5.1.1
accredited dosimetry calibration laboratory

dosimetry|laboratory~with formal recognition by an accrediting organization that the dosim
laboratory|is competent to carry out specific activities which lead to the calibration or calibra

verificatiop of ddSimetry systems in accordance with documented requirements of the accredit

organization

roof

Pty
Fion
ng

—-

[SOURCE: ISO/ASTM 5262872013, 31-2]

3.1.5.2
reference standard radiation field

calibrated radiation field, generally having the highest metrological quality available at a given location

or in a given organization, from which measurements made there are derived

[SOURCE: ISO/ASTM 52628:2013, 3.1.14]
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3.1.5.3

charged-particle equilibrium

electron equilibrium

condition in which the kinetic energy of charged particles, excluding rest mass, entering an infinitesimal
volume of the irradiated material equals the kinetic energy of charge particles emerging from it

Note 1 to entry: This is referred to as electron equilibrium in the case of electrons set in motion by photon
irradiation of a material.

[SOURCE: ISO/ASTM 51261:2013, 3.1.4]

3.16
cal{Pration curve
explression of the relation between indication and corresponding measured quantity value

Note 1 to entry: In radiation processing standards, term “dosimeter response” is generally,used for “fndication”.
[SOPRCE: VIM:2008, 4.31]

3.17
verffication
proyision of objective evidence that a given item fulfils specified requirements

[SOPURCE: VIM: 2008, 2.44]

3.2| Terms related to dosimeters

3.211
dosimeter
devjice that, when irradiated, exhibits a quantifiable change that can be related to absorbefd dose in a
given material using appropriate measurementinstruments and procedures

[SOPRCE: ISO/ASTM 52628:2013, 3.1.4]

3.2{2
dosimeter batch
quantity of dosimeters made ffom a specific mass of material with uniform composition, fapricated in
a sipgle production run under-€ontrolled, consistent conditions and having a unique identifi¢ation code

[SOPRCE: ISO/ASTM 51276:2012, 3.1.3]

3.2121
dosimeter stock
parf of a dosimeter batch held by the user

[SOPRCE: ISO/ASTM 51276:2012, 3.1.5]

3.2{3
dosimeter set
one or more dosimeters used to measure the absorbed dose at a location and whose average reading is
used to determine absorbed dose at that location

[SOURCE: ISO/ASTM 51940:2013, 3.1.9]

3.2.4
dosimeter response
reproducible, quantifiable effect produced in the dosimeter by ionizing radiation

Note 1 to entry: The response value may be obtained from such measurements as optical absorbance, thickness,
mass, peak-to-peak distance in EPR spectra, or electropotential between solutions and thermoluminescent
output.

© IS0 2015 - All rights reserved 5
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[SOURCE: ISO/ASTM 51276:2012, 3.1.4]

3.2.4.1
radiation chemical yield
G(x)

quotient of n(x) by € , where n(x) is the mean amount of substance of that entity produced, destroyed,

or changed in a system by the mean energy imparted, £ to the matter of that system
Note 1 to entry: Radiation of chemical yield of an entity x.

Note 2 to entry: It is expressed as

G(x) = Ill(X)/a_‘

Note 3 to erI]fCry: SI unit: mol - J-1

[SOURCE: IICRU-85a, October 2011, 4.6, modified]

3.2.5
influence guantity

quantity that, in a direct measurement, does not affect the quantity that\is“actually measured,
affects the(relation between the indication and the measurement result

[SOURCE: YIM:2008, 2.52]

Note 1 to dntry: In radiation processing dosimetry, this term includes temperature, relative humidity, 1
intervals, light, radiation energy, absorbed-dose rate, and other factors that might affect dosimeter respons
well as quantities associated with the measurement instrument.

3.2.5.1
absorbed-dose rate
D
quotient offdD by dt, where dD is the increment. of absorbed dose in the time interval dt

Note 1 to enftry: It is expressed as

D =dDJdt

Note 2 to entry: Unit: SI Gy-s-1.
[SOURCE: IICRU-85a, October-2011, 5.2.6, modified]

Note 3 to enftry: The absotbed-dose rate is often specified in terms of its average value over longer time inter?
for example in units of Gy*min-1 or Gy-h-1.

Note 4 to entry: In‘electron-beam irradiators with pulsed or scanned beam, there are two types of dose 1

but

ime
b, as

Fals,

ate:

significantly different.

average valjie over several pulses (scans) and instantaneous value within a pulse (scan). These two values car be

[SOURCE: ISO/ASTM 51650:2013, 3.1.2]

3.2.6
type 1 dosimeter

dosimeter of high metrological quality, where the response of which is affected by individual influence

quantities in a well-defined way that can be expressed in terms of independent correction factors

[SOURCE: ISO/ASTM 52628:2013, 3.1.19, modified]

6 © IS0 2015 - All rights reserved
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3.2.6.1

alanine dosimeter

specified quantity and physical form of the radiation-sensitive material alanine and any added inert
substance such as a binder, where the radiation-induced change in specific stable free radicals in
alanine is related to absorbed dose

Note 1 to entry: This may be a type 1 dosimeter.
[SOURCE: Adapted from ISO/ASTM 51607:2013, 3.1.2]

3.2.6.2

cerfc-cerous dosimeter
spefially prepared solution of ceric sulfate and cerous sulfate in sulfuric acid, individually-sealed in an
appropriate container such as a glass ampoule, where the radiation-induced changes in‘electropotential
or dptical absorbance of the solution are related to absorbed dose

[SOPRCE: ISO/ASTM 51205:20009, 3.1.3]
Note 1 to entry: This may be a type 1 dosimeter.

3.216.3

dichromate dosimeter
solytion containing silver and dichromate ions in perchloric acid in an appropriate contaier such as
a sdaled glass ampoule that indicates absorbed dose by changé\(decrease) in absorbance atfa specified
wayelength

[SOURCE: adapted from ISO/ASTM 51401:2013, 4.2]
Note 1 to entry: This may be a type 1 dosimeter.

3.216.4

ethpnol chlorobenzene dosimeter
partly deoxygenated solution of chlorobenzene (CB) in 96 volume % ethanol in an appropriat¢ container,
such as a flame-sealed glass ampoule,.used to indicate absorbed dose by measurement of thg amount of
HCl|formed under irradiation

[SOPURCE: ISO/ASTM 51538:2009,:3.1.4]
Notg 1 to entry: This is may be atype 1 dosimeter.

3.216.5

Fri¢ke dosimeter
air-paturated solution of ferrous sulfate or ferrous ammonium sulfate that indicates absorbed dose by
an increase in abisorbance at a specified wavelength

[SOURCE: ASTM E1026:2013, 4.2]

Note ttoentry: This may be a type 1 dosimeter.

3.2.7

type 2 dosimeter

response is affected by influence quantities in a complex way that cannot practically be expressed in
terms of independent correction factors

[SOURCE: ISO/ASTM 52628:2013, 3.1.20, modified]

© IS0 2015 - All rights reserved 7
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3.2.71

calorimeter

assembly consisting of calorimetric body (absorber), thermal insulation, and temperature sensor
with wiring, that during exposure to ionizing radiation exhibits a characterizable change in absorber
temperature that can be related to absorbed dose

Note 1 to entry: This is a type 2 dosimeter.

[SOURCE: Adapted from ISO/ASTM 51631:2013, 3.2.2]

3.2.7.2
cellulose trtacetate dosimeter
piece of CT|A film that, during exposure to ionizing radiation, exhibits a quantifiable change in spegific

net absorbfnce as a function of absorbed dose
[SOURCE: ISO/ASTM 51650:2013, 3.1.4]
Note 1 to enftry: This is a type 2 dosimeter.

3.2.7.3
polymethylmethacrylate dosimeter
PMMA dogimeter

piece of specially selected or developed PMMA material, individually sealed by the manufacturer i an
impermeable sachet, that during exposure to ionizing radiation exhihits a characterizable changg in
specific opfical absorbance as a function of absorbed dose

[SOURCE: ISO/ASTM 51276:2012, 3.1.7]

3.2.7.4
radiochromic film dosimeter
specially prepared film containing ingredients that‘undergo change in optical absorbance urder
ionizing rafiation, which can be related to absorbed,dose

[SOURCE: gdapted from ISO/ASTM 51275:2013;3.1.7]

3.2.7.5
radiochromic liquid dosimeter
specially pﬁ'répared solution containing ingredients that undergo change in optical absorbance urjder
ionizing rafiation, which can be related to absorbed dose

[SOURCE: gdapted from ISO/ASTM 51540:2004, 3.1.7]

3.2.7.6
radiochromic optical,waveguide dosimeter
specially prepared{ optical waveguide containing ingredients that undergo an ionizing radiatjon-
induced chpnge inphotometric absorbance, which can be related to absorbed dose

[SOURCE: gdapted from ISO/ASTM 51310:2004, 3.1.8]

3.2.7.7

thermoluminescence dosimeter

TLD

thermoluminescence phosphor, alone or incorporated in a material, used for determining the absorbed
dose to materials

[SOURCE: ISO/ASTM 51956:2013, 3.1.13]

8 © IS0 2015 - All rights reserved
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3.3 Terms related to radiation processing

3.31
radiation processing
intentional irradiation of products or materials to preserve, modify or improve their characteristics

[SOURCE: ISO/ASTM 52628:2013, 3.1.12]

3.3.2
radiation processing facility
establishment that uses ionizing radiation for the purpose of radiation processing

3.312.1

gamma facility

gaﬂma-ray irradiation facility
ganima-ray radiation facility
estdblishment that uses gamma-emitting radionuclide source for the purposeofradiation prfjocessing

[SOPURCE: ISO/ASTM 51608:2015, 3.2.3]

3.3{2.2

X-ray facility

X-rdy (bremsstrahlung) facility

X-rqy (bremsstrahlung) irradiation facility
X-rgy (bremsstrahlung) radiation facility
estdblishment that uses X-radiation (bremsstrahlung) forthe purpose of radiation processirg

3.3]12.2.1

X-ray converter

X-rgy (bremsstrahlung) converter
devjice for generating X-radiation (bremsstrahlung) from an electron beam, consisting ¢f a target,
medgns for cooling the target, and a supporting structure

[SOPRCE: ISO/ASTM 51608:2015, 3.1.:16]

3.3{2.2.2

X-ray target
conjponent of the X-ray converter that is struck by the electron beam and which produces K-radiation
(br¢msstrahlung)

Notg 1 to entry: X-raytarget is usually made of metal with a high atomic number, high melting tempg¢rature, and
high thermal conductivity.

[SOPRCE: adapted from ISO/ASTM 51608:2015, 3.2.4]

3.3{2.3
ele¢tron beam facility
establishment that uses electron beam accelerator for the purpose of radiation processing

3.3.3

validation

<process> documented procedure for obtaining, recording and interpreting the results required to
establish that a process will consistently yield product complying with predetermined specifications

[SOURCE: ISO 11137-1:2006]

© IS0 2015 - All rights reserved 9
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3.34
installation qualification

IQ
process of obtaining and documenting evidence that equipment has been provided and installed in
accordance with its specifications

[SOURCE: ISO/ASTM 51702:2013, 3.1.8]

3.3441
electron beam spot
cross section of an unscanned beam in the reference plane

3.3.4.1.1
beam length
dimension|of the irradiation zone, perpendicular to the beam width and direction of the electfon bgam
at a specified distance from the accelerator window

[SOURCE: ISO/ASTM 51649:2015, 3.1.4]

3.3.4.1.2
beam width
dimension|of the irradiation zone perpendicular to the direction of produdet movement, at a specified
distance frjom the accelerator window

[SOURCE: ISO/ASTM 51649:2015, 3.1.5]

3.3.4.2
electron beam power
product of the average electron beam energy and the average beam current

[SOURCE: ISO/ASTM 51649:2015, 3.1.4]

3.34.21

average beam current
time-averalged electron beam current; for 4 pulsed accelerator, the averaging shall be done over a 13rge
number of pulses

[SOURCE: ISO/ASTM 51649:2015, 3.1.2]

3.3.4.2.2
electron epergy spectrum
particle fluence distributierieéf electrons as a function of energy

[SOURCE: ISO/ASTM 51649:2015, 3.1.12]

3.3.4.2.3
electron beam energy
kinetic engrgyof the accelerated electrons in the beam

Note 1 to entry: Unit: ].

Note 2 to entry: Electron volt (eV) is often used as the unit for electron beam energy, where 1 eV = 1,602x10-19].
Note 3 to entry: In radiation processing, where beams with a broad electron energy spectrum are frequently
used, the terms most probable energy (E}) and average energy (E;) are common. They are linked to the practical

electron range Rp and half-value depth Rsg by empirical equations, respectively.

Note 4 to entry: Electron beam energy can be determined using established relationships between electron beam
energy and depth-dose distribution parameters. The method used for energy calculation must be specified.

[SOURCE: ISO/ASTM 51649:2015, 3.1.10. modified]
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3.3.4.3

electron beam range

penetration distance in a specific, totally absorbing material along the beam axis of the electrons
incident on the material, equivalent to practical electron range, Rp

Note 1 to entry: R, can be measured from experimental depth-dose distributions in a given material.
Note 2 to entry: Other forms of electron range are found in the dosimetry literature, for example, extrapolated

range derived from depth-dose data and the continuous-slowing-down-approximation range (the calculated
path length traversed by an electron in a material in the course of completely slowing down).

24 . Il i H 11l = i £ i Ll 22 lo. .4 3 3
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terms of thickness (m) for a specified material.
[SOPRCE: ISO/ASTM 51649:2015, 3.2.5]

3.314.3.1

half-entrance depth
Rsop
deptth in homogeneous material at which the absorbed dose has decreased:down to 50 % of the absorbed
dosp at the surface of the material

[SOPURCE: ISO/ASTM 51649:2015, 3.2.7]

3.34.3.2
half-value depth
Rso
de}ilfh in homogeneous material at which the absorbeddose has decreased down to 50 % of it§ maximum
valye

[SOPRCE: ISO/ASTM 51649:2015, 3.2.8]

3.314.3.3

practical electron range

R
p

depth in homogeneous material to ‘the point where the tangent at the steepest point (thg inflection

point) on the almost straight.descending portion of the depth-dose distribution curve|meets the

extrapolated X-ray background

[SOPURCE: ISO/ASTM 51649:2015, 3.2.10]

3.314.3.4

extrapolated electron range
Rex
deptth in hofmogeneous material to the point where the tangent at the steepest point (thg¢ inflection
point) on the almost straight descending portion of the depth-dose distribution curve meet} the depth
axi

[SOOGRCETTSO/ASTM 5164972015, 37261

3.3.4.3.5
optimum thickness

Ropt
depth in homogeneous material at which the absorbed dose equals the absorbed dose at the surface
where the electron beam enters

[SOURCE: ISO/ASTM 51649:2015, 3.2.9]
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3.344

reference material

homogeneous material of known radiation absorption and scattering properties used to establish
characteristics of the irradiation process, such as scan uniformity, depth-dose distribution, throughput
rate, and reproducibility of dose delivery

[SOURCE: ISO/ASTM 51649:2015, 3.1.18]

3.3.4.4.1
reference plane
selected plane in the radiation zone that is perpendicular to the electron beam axis

[SOURCE: ISO/ASTM 51649:2015, 3.1.19]

3.3.4.4.2
standardiged depth
z
thickness ¢f the absorbing material expressed as the mass per unit area, which is equal to the depth|tin
the materijl times the density p

Note 1 to erjtry: If m is the mass of the material beneath area 4 of the material through which the beam pagses,
then:

z=mfA=tp

Note 2 to entry: The SI unit of z is in kg/mZ2, where t is in meters and,¢.n'kilograms per cubic meter.

Note 3 to erftry: It is common practice to express t in centimeters and p in grams per cm3, then z is in gramq per
square centjmeters.

Note 4 to enftry: Standardized depth may also be referred-to‘as surface density or area density.

[SOURCE: ISO/ASTM 51649:2015, 3.1.22, modified]

3.3.4.5
scanned beam
electron bgam that is swept back and-forth with a varying magnetic field

Note 1 to eptry: This is most commonly done along one dimension (beam width), although two-dimensipnal
scanning (bpam width and length)umay be used with high-current electron beams to avoid overheating the bpam
exit window of the accelerator.orproduct under the scan horn.

[SOURCE: ISO/ASTM 51649:2015, 3.2.14]

3.34.51
scan frequyency
number of coniplete scanning cycles per second expressed in Hz

[SOURCE: [SE7ASTM 5164926453215

3.3.4.5.2
scan uniformity
degree of uniformity of dose measured along the scan direction

[SOURCE: ISO/ASTM 51649:2015, 3.2.16]

3.3.4.6
pulsed electron beam
electron beam consisting of pulses of electrons rather than a continuous stream of electrons

Note 1 to entry: Beam is produced by a pulsed electron accelerator, typically a linear accelerator.

Note 2 to entry: Pulsed beams are characterized by pulse peak current, pulse width and pulse rate.
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3.3.4.6.1

pulse beam current

<for a pulsed accelerator> beam current averaged over the top ripples (aberrations) of the pulse current
waveform, equal to layg/Wf, where Iayg is the average beam current, w is the pulse width, and fis the
pulse rate

[SOURCE: ISO/ASTM 51649:2015, 3.2.11]

3.3.4.6.2
pulse rate
<for a pulsed accelerator> pulse repetition frequency in hertz, or pulses per second

Note 1 to entry: Pulse rate is also referred to as the repetition (rep) rate.
[SOPRCE: ISO/ASTM 51649:2015, 3.2.12]

3.3}4.6.3

pulse width
<fol a pulsed accelerator> time interval between two points on the leading’and trailing efiges of the
pulse current waveform where the current is 50 % of its pulse beam currént value

[SOPRCE: ISO/ASTM 51649:2015, 3.2.13]

3.3/4.6.4
dutyy cycle
<fof a pulsed accelerator> fraction of time the beam is effectively on

Note 1 to entry: Duty cycle is the product of the pulse widtlvin seconds and the pulse rate in pulses per second.
[SOURCE: ISO/ASTM 51649:2015, 3.2.4]

3.3]5
opdrational qualification
0Q
profess of obtaining and documentingevidence thatinstalled equipment operates within predetermined
lim{ts when used in accordance withts operational procedures

[SOPURCE: ISO/ASTM 51702:2013, 3.1.10]

3.3{5.1

transit dose
absprbed dose delivered to a product (or a dosimeter) while it travels between the non-irradiation
posjtion and the irradiation position, or in the case of a movable source while the source moves into and
out|of its irradiation position

[SOPRCE: 1SO/ASTM 51900:2009, 3.1.19]
3.3|5:2

d thodoca dicknilaaiis oo
eptt-aose-aistrinttion

variation of absorbed dose with depth from the incident surface of a material exposed to a given
ionizing radiation

[SOURCE: ISO/ASTM 51818:2013, 3.1.5]

3.3.6

performance qualification

PQ

process of obtaining and documenting evidence that the equipment, as installed and operated in
accordance with operational procedures, consistently performs in accordance with predetermined
criteria and thereby yields product meeting its specification

[SOURCE: ISO/ASTM 51702:2013, 3.1.11]
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3.3.7

absorbed-dose mapping

measurement of absorbed dose within an irradiated product to produce a one-dimensional, two-
dimensional or three-dimensional distribution of absorbed dose, thus, rendering a map of absorbed-
dose values

[SOURCE: ISO/ASTM 51702:2013, 3.1.2, modified]

3.3.71
dose uniformity ratio
ratio of the maximum to the minimum absorbed dose within the irradiated product

Note 1 to er]try: The concept is also referred to as the max/min dose ratio.

[SOURCE: ISO/ASTM 51940:2013, 3.1.6]

3.3.7.2

routine mpnitoring position

position w
receiving t

here absorbed dose is monitored during routine processing to ensure.that the produg
he absorbed dose specified for the process

tis

Note 1 to enjtry: This position may be a location of minimum or maximum dose in the process load or it maz be
an alternatq convenient location in, on or near the process load where the relationship of the dose at this position
with the mihimum and maximum dose has been established.

[SOURCE: ASTM E2303:2011, 3.1.13]

3.3.7.3

isodose cyrves

lines or surfaces of constant absorbed dose through a specified medium

[SOURCE: [ISO/ASTM 51939:2013, 3.1.16]

3.3.7.4

simulated|product
compensatliing dummy material with absorption and scattering properties similar to those of
product, miaterial or substance to be irradiated

the

Note 1 to entry: Simulated product (s,tused during irradiator characterization as a substitute for the adtual

product, material or substance to bevrradiated.

Note 2 to entry: When used¢insroutine production runs in order to compensate for the absence of prog
simulated pfoduct is sometimes referred to as compensating dummy.

uct,

Note 3 to erftry: When.used for absorbed-dose mapping, simulated product is sometimes referred to as phantom
material.

[SOURCE: Adaptéd from ISO/ASTM 51702:2013, 3.1.13]

3.3.7.5
process load
volume of material with a specified product loading configuration irradiated as a single entity

[SOURCE: ASTM E2303:2011, 3.1.10]

3.3.8

routine product processing

treatment of product or material to specified absorbed dose requirements using validated process
specification obtained through absorbed-dose mapping and confirmed by routine dosimetry
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3.3.8.1
timer setting
defined time interval during which product is exposed to ionizing radiation

Note 1 to entry: For a shuffle-dwell irradiator, the timer setting is the time interval from the start of one shuffle-
dwell cycle to the start of the next shuffle-dwell cycle. For a stationary irradiator, the timer setting is the total
irradiation time.

[SOURCE: ISO/ASTM 51702:2013, 3.1.14]

3.3.8.2

pr()du\,t;uu Tun
<for continuous-flow and shuffle-dwell irradiation> series of irradiation containgrS|consisting
of aterials or products having similar radiation-absorption characteristics, that are|irradiated
seqpentially to a specified range of absorbed dose

[SOPURCE: ISO/ASTM 51702:2013, 3.1.12]

3.3{8.2.1
irrgdiation container
holdler in which product is placed during the irradiation process

[SOPRCE: ISO/ASTM 51702:2013, 3.1.9]

3.3{8.3

radiiation indicator
radjiation-sensitive indicator
matferial such as coated or impregnated adhesive-backed substrate, ink, coating or othey materials
which may be affixed to or printed on the process‘oads, and which undergoes a visual chpnge when
expsed to ionizing radiation

[SOPRCE: ISO/ASTM 51539:2013, 3.1.4]

3.3{8.4

routine dosimetry
dosimetry performed at a radiation processing facility for various routine activities| including
absprbed-dose mapping, process\control and quality assurance

3.4] Terms related to-meéasurement

3.401
measurement
profess of expetimentally obtaining one or more quantity values that can reasonably be attgibuted to a
qualntity

[SOPRCEZISO/IEC Guide 99:2007/BIPM:2008, 2.1, 2.1]

3.412
measurand
quantity intended to be measured

[SOURCE: ISO/IEC Guide 99:2007/BIPM:2008, 2.3, 2.3]

3.4.3

measurement uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

Note 1 to entry: Measurement uncertainty includes components arising from systematic effects, such as
components associated with corrections and the assigned quantity values of measurement standards, as well
as the definitional uncertainty. Sometimes, estimated systematic effects are not corrected for but, instead,
associated measurement uncertainty components are incorporated.
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Note 2 to entry: The parameter may be, for example, a standard deviation called standard measurement
uncertainty (or a specified multiple of it), or the half-width of an interval, having a stated coverage probability.

Note 3 to entry: Measurement uncertainty comprises, in general, many components. Some of these may be
evaluated by Type A evaluation of measurement uncertainty from the statistical distribution of the quantity
values from series of measurements and can be characterized by standard deviations. The other components,
which may be evaluated by Type B evaluation of measurement uncertainty, can also be characterized by standard
deviations, evaluated from probability density functions based on experience or other information.

Note 4 to entry: In general, for a given set of information, it is understood that the measurement uncertainty is
associated with a stated quantity value attributed to the measurand. A modification of this value results in a
modificatiopaf the associated uncertainty.

[SOURCE: YIM:2008, 2.26]

3.4.4

metrologifal traceability
traceability

property of a measurement result whereby result can be related to a reference through a documernjted
unbroken ¢hain of calibrations, each contributing to the measurement uncertainty

Note 1 to enftry: The unbroken chain of calibrations is referred to as “traceability chain”.

Note 2 to ¢ntry: Metrological traceability of a measurement result does et ensure that the measurerhent
uncertainty|is adequate for a given purpose or that there is an absence of mistakes.

»”

Note 3 to emtry: The abbreviated term “traceability” is sometimes used-to mean “metrological traceability” as
well as othdr concepts, such as “sample traceability” or “document traceability” or “instrument traceability” or
“material trjpceability”, where the history (“trace”) of an item is neant. Therefore, the full term of “metrological
traceability] is preferred if there is any risk of confusion.

[SOURCE: YIM:2008, 4.41]

3.4.5
uncertainty budget
statement pf a measurement uncertainty, of the components of that measurement uncertainty, and of
their calculation and combination

Note 1 to eptry: An uncertainty budget should include the measurement model, estimates, and measurerment
uncertainti¢s associated with the quantities in the measurement model, covariances, type of applied probabjility
density fun¢tions, degrees of freedom; type of evaluation of measurement uncertainty, and any coverage facfor.

[SOURCE: YIM:2008, 2.33]

3.4.6
standard measuremeént uncertainty
measurement uneertainty expressed as a standard deviation

Note 1 to enfry: Standard measurement uncertainty is also referred to as “standard uncertainty of measuremgent”
or “standarduncertainty”

[SOURCE: VIM:2012, 2.30]

3.4.7

Type A evaluation of measurement uncertainty

evaluation of a component of measurement uncertainty by a statistical analysis of measured quantity
values obtained under defined measurement conditions

[SOURCE: VIM:2012, 2.28]
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3.4.71

repeatability

<results of measurements> closeness of the agreement between the results of successive measurements
of the same measurand carried out under the same conditions of measurement

Note 1 to entry: These conditions are called “repeatability conditions”.
Note 2 to entry: Repeatability conditions include the same measurement procedure, the same observer, the same

measuring instrument used under the same conditions, the same location and repetition over a short period of
time.

N 24 L n aolailis 1 1 PV N Lol 1. ; 1o PSSR fth
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resylts, such as standard deviation.
[SOPRCE: GUM:1995, B.2.15]

3.4{7.2

reproducibility
<repults of measurements> closeness of the agreement between the results’of measuremgnts of the
sanje measurand carried out under changed conditions of measurements

Notg 1 to entry: A valid statement of reproducibility requires specification of.the conditions changed

Not¢ 2 to entry: The changed conditions may include principle ofiémeasurements, method of mg¢asurement,
obs¢rver, measuring instrument, reference standard, location, conditions of use and time.

Notg 3 to entry: Reproducibility may be expressed quantitatiyely'in terms of the dispersion charactefristics of the
resylts, such as standard deviation.

[SOPRCE: GUM:1995, B.2.16]

3.4]8
Type B evaluation of measurement uncertainty
evaluation of a component of measurement uncertainty determined by means other thap a Type A
evajuation of measurement uncertainty.

Not¢ 1 to entry: Evaluation based on information, for example

— |associated with authoritative)published quantity values,

— |associated with the quantity value of a certified reference material,

— |obtained from a e¢alibration certificate,

— |related to drift,

— |obtained\fom the accuracy class of a verified measuring instrument, and

— |obtaixed from limits deduced through personal experience.

oV

[SOURCE-IM:2012,2

2 201
=]

3.49
coefficient of variation
sample standard deviation expressed as a percentage of sample mean value

[SOURCE: ISO/ASTM 51707:2015, 3.1.4]

3.4.10

combined standard measurement uncertainty

standard measurement uncertainty that is obtained using the individual standard measurement
uncertainties associated with the input quantities in a measurement model

Note 1 to entry: It is also referred to as “combined standard uncertainty”.
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Note 2 to entry: In case of correlations of input quantities in a measurement model, covariances must also be
taken into account when calculating the combined standard measurement uncertainty.

[SOURCE: VIM:2012, 2.31]

3.4.11

coverage factor

k

number larger than one by which a combined standard measurement uncertainty is multiplied to
obtain an expanded measurement uncertainty

[SOURCE: Viv:26122-361

3.4.12
expanded|uncertainty
quantity defining an interval about the result of a measurement that may be expected to,ehcompalss a
large fractjon of the distribution of values that could reasonably be attributed to the measurand

[SOURCE: GUM:2008, 2.3.5]
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Annex A
(informative)

Methodology used in the development of the vocabulary

General
=enera:
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and
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Gen

Example frem)ISO 704:2009, (5.5.2.2.1)

12749 requires the use of

clear technical descriptions, and

cepts are not independent of one another, and an analysis of the-relationships betwee
hin the field of dosimetry for radiation processing and the arrangement of them infto concept
ems is a prerequisite of a coherent vocabulary. Such an analysis was used in the deve
vocabulary specified in this part of ISO 12749. Since the ¢encept diagrams employed
elopment process can be helpful in an informative sense/they are reproduced in A.3.

eric relationS’are depicted by a fan or tree diagram without arrows (see Figure A.1).

specific character of the dosimetry for radiation processing concepts contained-in this part of

a coherent and harmonized vocabulary that is easily understandable by‘all'potential usdrs.

n concepts

lopment of
during the

Concept relationships and their graphical representation
.1 General
erminology work, the relationships between concepts are based on the three primany forms of
rept relationships indicated in this annex: the hierarchical generic (A.2.2), and partitive [A.2.3) and
non-hierarchical associative (A.2.4):
.2 Generic relation
ordinate concepts within\the hierarchy inherit all the characteristics of the superordinate concept

contain descriptions_of’ these characteristics which distinguish them from the sugerordinate

pointing device

-

touch pad computer mouse light pen
mechanical optomechanical optical
mouse mouse mouse

Figure A.1 — Graphical representation of a generic relation
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Fent) and coordinate—(sibling) concepts, e.g. the relation of mechanical mouse, optomechanical
motise and optical mouse to computer mouse.
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A.2.3 Partitive relation

Subordinate concepts within the hierarchy form constituent parts of the superordinate concept, e.g.
mouse button, mouse cord, infrared emitter and mouse wheel can be defined as parts of the concept
optomechanical mouse. In comparison, itis inappropriate to define red cord (one possible characteristic
of mouse cord) as part of an optomechanical mouse.

Partitive relations are depicted by a rake without arrows (see Figure A.2). Singular parts are depicted
by one line, multiple parts by double lines.

Example from ISO 704:2009, (5.5.2.3.1)

optomechanical mouse

| |l

mouse mouse infrared infrared wifrared
ball cord emmiter sensor wheel

mouse circuit X-axis y-axis
Button board roller roller

Figure A.2 — Graphical representation of a partitive'relation

A.2.4 Askociative relation

Associative relations cannot provide the economies in deséription that are present in generic pnd
partitive r¢lations but are helpful in identifying the nature of the relationship between one conceptpnd
another within a concept system, e.g. cause and effect, activity and location, activity and result, tooland
function, npaterial and product. Besides, associative-telations are the most commonly encounterefl in
terminology practical work, as they correspond tethe concepts relations established in the real wofld.

Associativ¢ relations are depicted by a line with’arrowheads at each end (see Figure A.3).
Example frjom ISO 704:2009, (5.6.2)

pointer mouse pad

'\

computer
mouse

mouse port dld{mg

Figure A.3 — Graphical representation of an associative relation

A.3 Concept diagrams

Figure A.4 to Figure A.7 show the concept diagrams on which the thematic groups of the dosimetry for
radiation processing vocabulary are based.

Notations in following diagrams show the position of each concept according to generic, partitive and

associative relationships.
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dosimeter
331
341 radiation processing
measurement /
\ 3.1.3
312 dosimetry system 3.1.4
absorbed ionizing radiation
dose / ‘ \
3.1.4.1 3.1.4.2 3.14.3
gama radiation x-radiation electron begm
3.1.4.1.1 3.1.4.1.2 3.1.4.3.1
activity decay bremsktrahlung
constant
3.1.4.1.3
half life
B.1.3.1 3.1.3.2 3.1.33 3.1.34
primary reference routine transfer
standard standard dosimetry standard
Hosimetry dosimetry system dosimetry
Kystem system system
3.1.5
calibration
A
3151 3.15.2 3.153
approved reference charged
laboratory standard particle v
radiation equilibrium
field 3.1.6
calibration
curve
3.15.1.1 \
accredited dosimetry 317
calibration laboratory P
verification
= ation
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3.2.1
dosimeter \
3.2.4
dosimeter response

/

3.23 3241
dosimeter set U
3.2.2 radiation
dosimeter chemical yield
batch
3.2.21 3.2.5
dosimeter influence quantity
stock
3'2'61 tosimet 32.5.1
type 1 dosimeter absorbed dose ratg
3.2.6.1 3.2.6.2 3.2.6.3 3.2.6.4 3.2.6.5
alanine ceric -cerous dichromate  ethanol Fricke
dosimete dosimeter dosimeter chlorobenzene dosimeter
dosimeter
3.2.7
type 2 dosimeter
I
3.2.7.1 3.2.7.2 32.7.3 3.2.7.4 3.2.7.5 3.2.7.6 3.2.7.7
calorimeter cellulose PMMA radiochromic radiochromic  radiochromic thermo -
triacetate dosimeter film liquid optical luminescence
dosimet€r dosimeter dosimeter waveguide dosimeter
dosimeter (TLD)
Figure A.5 — 3.2 Terms related to dosimeters
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