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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 whom a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with

Internation

Internation

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies

voting. Pu
casting a v

Attention id
rights. ISO
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items 1

new itq

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

blication as an International Standard requires approval by at least 75 % ofithe member bod
pte.
shall not be held responsible for identifying any or all such patent rights.

bl Standard 1SO 80000-10 was prepared by Technical Committee ISO/TC 12, Quantities and urn
tion with IEC/TC 25, Quantities and units.

A

edition of ISO 80000-10 cancels and replaces I1S0O\31-9:1992 and 1SO 31-10:1992. It 3
s Amendments 1ISO 31-9:1992/Amd.1:1998 and 1SO31-10:1992/Amd.1:1998. The major techn
bm the previous standards are the following:

A and Annex B to ISO 31-9:1992 have been-deleted (as they are covered by ISO 80000-9);

C to ISO 31-9:1992 has become Annex'A;

D to ISO 31-9:1992 has been deleted;

sentation of numerical statéments has been changed;

rmative references have)been changed;

0-33 and 10-534rom ISO 31-10:1992 have been deleted;

ms have béen added;

many

ISO 80000

Part 1:

Part 2:

Part 3:

Part 4:

a[(e
newer lvaldes for fundamental constants have been used

finitions have been re-formulated;

the

for
ies

drawn to the possibility that some of the elements of this document.fnay be the subject of patent

its,

Iso
cal

consists of the following parts, under the general title Quantities and units:

General

Mathematical signs and symbols to be used in the natural sciences and technology
Space and time

Mechanics
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— Part 5: Thermodynamics

— Part 7: Light

— Part 8: Acoustics

— Part 9: Physical chemistry and molecular physics

— Part 10: Atomic and nuclear physics

— [Part 11 Characteristic numbers
— | Part 12: Solid state physics

IEC 80000 consists of the following parts, under the general title Quantities and units:
— | Part 6: Electromagnetism

— | Part 13: Information science and technology

— | Part 14: Telebiometrics related to human physiology

© 1SO 2009 - All rights reserved Vv
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Introdu

ction

0.1 Arrangements of the tables

The tables of quantities and units in this International Standard are arranged so that the quantities are

an-tha laft hand naaac and tha pinitc An tha carracnandina riaht haond Aao~nnc
Prrererrrarta ot e—orto-Ortre-Cor Hg—rgHeTiat

presented

All units b¢g

lines on th¢ left-hand pages.

Where the
preceding
isusedto i

0.2 Tab

The name

Standard r

symbols a
System of

The scalai
definitions.

In most ca
two or mo

footing. When two types of italic letters exist (for example as with #and 6; ¢ and ¢; a and a; g and g), only

of these is|
variants ng

be used wien, in a particular context, the main symbol is in use with a different meaning.

In this Eng

gender of the French name is indicated by (m) for masculine and (f) for feminine, immediately after the nou

the French

0.3 Tab

0.3.1 Ge

The namey

pagcoara AR SA=ARA- LIRS B RS T T PagooT

tween two full lines on the right-hand pages belong to the quantities between the corresponding

numbering of an item has been changed in the revision of a part of ISO 31, the/number in
pdition is shown in parenthesis on the left-hand page under the new number for-the quantity; a d
hdicate that the item in question did not appear in the preceding edition.

es of quantities
5 in English and in French of the most important quantities within the field of this Internatig

e recommendations. The definitions are given for identification-of the quantities in the Internatio
Quantities (ISQ), listed on the left hand pages of the tableythey are not intended to be complete.

, vector or tensor character of quantities is pointedCout, especially when this is needed for

ses only one name and only one symbol forthe quantity are given; where two or more names
re symbols are given for one quantity and, no special distinction is made, they are on an eq

given. This does not mean that the.gther is not equally acceptable. It is recommended that s
t be given different meanings. A symbol within parentheses implies that it is a reserve symbol

lish edition, the quantity phames in French are printed in an italic font, and are preceded by fr.

name.
es of units

heral

5 of ‘units for the corresponding quantities are given together with the international symbols and

definitions.

full

the
ash

nal

re given together with their symbols and, in most cases, their definitions. These names @nd

nal

the

or
ual
bne
ich
to

"he
N in

the

These unit names are language-dependent, but the symbols are international and the same in

all

languages.

For further information, see the Sl Brochure (8t edition, 2006) from BIPM and ISO 80000-1.

The units are arranged in the following way:

a) The coherent Sl units are given first. The Sl units have been adopted by the General Conference on
Weights and Measures (Conférence Générale des Poids et Mesures, CGPM). The coherent Sl units and
their decimal multiples and submultiples formed with the S| prefixes are recommended, although the
decimal multiples and submultiples are not explicitly mentioned.

Vi
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b) Some non-SlI units are then given, namely those accepted by the International Committee for Weights
and Measures (Comité International des Poids et Mesures, CIPM), or by the International Organization of
Legal Metrology (Organisation Internationale de Métrologie Légale, OIML), or by ISO and IEC, for use
with the SI.

Such units are separated from the Sl units in the item by use of a broken line between the Sl units and
the other units.

c) Non-SI units currently accepted by the CIPM for use with the Sl are given in small print (smaller than the
text size) in the “Conversion factors and remarks” column.

d) | Non-SI units that are not recommended are given only in annexes in some parts of thisCljternational
Standard. These annexes are informative, in the first place for the conversion factors, and-are hot integral
parts of the standard. These deprecated units are arranged in two groups:

1) units in the CGS system with special names;
2) units based on the foot, pound, second, and some other related units.

e) | Other non-Sl units given for information, especially regarding the.‘conversion factors, arg given in
informative annexes in some parts of this International Standard.

0.3l2 Remark on units for quantities of dimension one, or dimensionless quantities

Thée coherent unit for any quantity of dimension one, also called*a dimensionless quantity, is the nymber one,
symbol 1. When the value of such a quantity is expressed; the unit symbol 1 is generally not written out
explicitly.

EXAMPLE 1 Refractive indexn=1,53 x1=1,53

Prégfixes shall not be used to form multiples or submultiples of this unit. Instead of prefixes, powerg of 10 are
regommended.

EXAMPLE 2 Reynolds number Re = 1(32-x 103

Copsidering that the plane angle.is-generally expressed as the ratio of two lengths and the solid angle as the
ratio of two areas, in 1995 the (CGPM specified that, in the Sl, the radian, symbol rad, and steradian], symbol sr,
areg dimensionless derived units. This implies that the quantities plane angle and solid angle are considered as
defiived quantities of dimension one. The units radian and steradian are thus equal to one; they mgy either be
omitted, or they may be/used in expressions for derived units to facilitate distinction between qiantities of
different kind but havihg the same dimension.

0. Numerical statements in this International Standard

The sign\=-is used to denote “is exactly equal to”, the sign = is used to denote “is approximately eqlial to”, and
the| sign:= is used to denote “is by definition equal to”.

Numerical values of physical quantities that have been experimentally determined always have an associated
measurement uncertainty. This uncertainty should always be specified. In this International Standard, the
magnitude of the uncertainty is represented as in the following example.

EXAMPLE 1=2,347 82(32) m

In this example, /= a(b) m, the numerical value of the uncertainty 4 indicated in parentheses is assumed to
apply to the last (and least significant) digits of the numerical value a of the length /. This notation is used
when b represents the standard uncertainty (estimated standard deviation) in the last digits of a. The
numerical example given above may be interpreted to mean that the best estimate of the numerical value of
the length /, when [ is expressed in the unit metre is 2,347 82, and that the unknown value of / is believed to

© ISO 2009 — All rights reserved vii
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lie between (2,347 82 -0,00032)m and (2,347 82 + 0,000 32) m with a probability determined by the
standard uncertainty 0,000 32 m and the probability distribution of the values of /.

0.5 Special remarks

0.5.1 Quantities

The fundamental physical constants given in 1SO 80000-10 are quoted in the consistent values of the
fundamental physical constants published in “2006 CODATA recommended values”. See the CODATA

website: h

ttp://physics.nist.gov/cuu/constants/index.html.

0.5.2 Special units

Individual
advantage
listed in Ar

scientists should have the freedom to use non-SI units when they see a partictlar scien
in their work. For this reason, non-SI units which are relevant for atomic and nuglear physics
nex A.

ific
are

viii
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Quantities and units —

Part 10:
Atomic and nuclear physics

1S(
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1EC
1S(

1S(

Th
the

Scope

D 80000-10 gives the names, symbols, and definitions for quantities and unitscused in atomic 4
sics. Where appropriate, conversion factors are also given.

Normative references
following referenced documents are indispensable for th€‘application of this document.

rences, only the edition cited applies. For undated reférences, the latest edition of the
ument (including any amendments) applies.

o—

80000-3:2006, Quantities and units — Part 3: Space‘dnd time
80000-4:2006, Quantities and units — Part 4..Mechanics
80000-5:2007, Quantities and units — Rart 5: Thermodynamics
80000-6:2008, Quantities and units=~ Part 6: Electromagnetism
80000-7:2008, Quantities and.units — Part 7: Light

80000-9:2009, Quantities and units — Part 9: Physical chemistry and molecular physics

Names, symbols, and definitions

e names, symbols, and definitions for quantities and units used in atomic and nuclear physics a
following\pages.

nd nuclear

For dated
referenced

e given on
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-1.1 atomic number, VA number of protons in an A nuclide is a species of atom with
(9-1) proton number atomic nucleus specified numbers of protons and
. neutrons.
fr numéro (m)
atomique, Nuclides with the same value of Z
nombre (m) de but different values of N are called
protons isotopes of an element.
The ordinal number of an elementin
the periodic table is equal to thé
atomic number.
The atomic number equals-the charge
of the nucleus in units-ef the
elementary charge-(item 10-5.1).
10-1.2 neutron number N number of neutrons in an | Nuclides with the same value of N
(9-2) fr nombre (m) de atomic nucleus but differentvalues of Z are called
neutrons isotones.
N-= is called the neutron excess
fumber.
10-1.3 nucleon number, | 4 number of nucleons inanv | 4A=7Z+ N
(9-3) mass number atomic nucleus , ,
Nuclides with the same value of 4 afe
fr nombre (m) de called isobars.
nucléons,
nombre (m) de
masse
10-2 rest mass, m(X), for-particle X, mass Specifically,
(9-5.1) proper mass m (1IS©'80000-4:2006, item for an electron:
(9-5.2) p ‘ X 4-1) of that particle at rest : 1
(9-5.3 | mf;;fs( )au mg, = 9,109 382 15(45)x 1073 kg
masse (f) for a proton:
propre m, =1,672 621 637(83)x 107> kg;
for a neutron:
m,, =1,674 927 211(84)x1072" kg
[2006 CODATA recommended
values].
Rest mass is often denoted m;,.
10-3 rest energy E, for a particle,
=) fr énergie (f) au E, =moc(2J
repos where my, is the rest mass
(item 10-2) of that particle,
and ¢ is the speed of
light in vacuum
(ISO 80000-7:2008, item
7-4.1)
2 © 1SO 2009 — All rights reserved
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ATOMIC AND NUCLEAR PHYSICS

UNITS
Item No. Name Symbol Definition Conversion factors and remarks
10-1.a one 1 See the Introduction, 0.3.2.

10-2.a kilogram kg

10-2.b dalton, Da 1 dalton is equal to 1/12times [1Da=1u=

unified atomic | | the mass of a free carbon 12 | 1,660 538 782(83) x 1027 kg
mass unit atom, at rest and in its ground | 2006 CODATA recommended
state values].
10-3.a joule J
(continued)
© 1SO 2009 — All rights reserved 3
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-4.1 atomic mass, m(X), rest mass my . .
(9-4.1) | nuclidic mass " (ISO 80000-4:2006, item | . i called the relative atomic
fr masse () a 4-1) of a neutral atom or a !
) nuclide X in the ground mass.
atomique,
state
masse (f)
nucléidique
10-4.2 unified atomic my, 1/12 of the mass m, = 1,660 538 782(83) x 10-2"Kg
(9-4.2) mass constant (1ISO 80000-4:2006, item [2006 CODATA recommendad
4-1) of a neutral atom of
fr constante (f) 12 values].
oo the nuclide '4C in the
unifiée de d state at rest
masse ground state at res
atomique
10-5.1 elementary e negative of electric charge | ¢ = 1,602/176'487(40) x 10-19C
(9-6) charge (IEC 80000-6:2008, [2006 CODATA recommended
fr charge (f) item 6-2) of the electron values].
élémentaire
10-5.2 charge number, c for a particle, the electric_<\|'A particle is said to be electrically
(—) ionization charge neutral if its charge number is equa
number (IEC 80000-6:2008,.it€m to zero.
fr nombre (m) de 6-2) divided by the The charge number of a particle can
elementary charge (item be positive, negative, or zero.
charge, .
10-5.1) The state of charge of a particle may
charge (f) .
ioniaue be presented as a superscript to the
a9 symbol of that particle, e.g.
H™, He'™, AP*, CI”, 7, N%
10-6.1 Planck constant | / elementary quantum of h =6,626 068 96(33) x 1034 J s
(9-7) fr constante (f) action (ISO 80000-4:2006, |[2006 CODATA recommended
de Planck item 4-37) values].
Energy E of harmonic vibration of
frequency f can change for
multiples of AE=hf =#hw only.
10-6.2 reduced\Planck h h h =1,054 571 628(53) x 10734 J s
(—) constant h= on [2006 CODATA recommended
f tante (f values].
L Coffg,’lfp(,,) where £ is the Planck . " . L the
réduite constant (item 10-6.1) Dirac constant.
4 © 1SO 2009 — All rights reserved
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UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-4.a kilogram kg

10-4.b dalton, Da, u 1 dalton is equal to 1/12times |1 Da=1u=

unified atomic the mass of a free carbon 12 1,660 538 782(83) x 1027 kg
mass unit atom, at rest and in its ground | [2006 CODATA recommended
state values].
10-5.a coulomb C

10-6.a joule second J-s

(continued)
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-7 Bohr radius ag Amegh? ag = 0,529 177 208 59(36) x 1010 m
(9-8) fr rayon (m) de do= . e [2006 CODATA recommended
Bohr e values].
where & is the electric The radius of the electron orbital in
constant the H-atom in its ground state is aj in
) . - 0
(IEC 80000-6:2008, item | 5o model of the atom
G-T4.7T),
71 is the reduced Planck
constant (item 10-6.2),
m, is the rest mass of
electron (item 10-2), and
e is the elementary
charge (item 10-5.1)
10-8 Rydberg constant | R o2 R_ =
-9 |4 constante () == Brepaghty 10 973,781,568 527(73) m~!
de Rydberg [2006 CODATA recommended
where e is the elementary | values]
cha.rge (item 10.-5'1)’ The quantity R, =R, - hcy is calleg
gy is the electric constant Rvdbera ener Y
(IEC 80000-6:2008, item | Yo erd energy.
6-14.1),
a, is the Bohr radius (item
10-7),
h is the Rlanck constant
(item 10-6.1), and
coristhe speed of light in
vacuum
(1SO 80000-7:2008, item
7-4.1)
10-9 Hartree energy B, Ep &2 Ey, =4,359 743 94(22) x 10718 J
(9-10) |4 énergie (f) de by = 4megdg [2006 CODATA recommended
Hartree . values].
where e. 's the elementary The energy of the electron in
charge (item 10-5.1), o .
. , H-atom in its ground state is —F,.
gq is the electric constant
(IEC 80000-6:2008, item Ey=2R., - hcy.
6-141), and ~
ag is the Bohr radius (item
10-7)
6 © 1SO 2009 — All rights reserved
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UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-7.a metre m angstrom (A), 1 A= 10"0m
10-8.a metre to the m—1

power minus

one
10-9.a joule J

© I1SO 2009 — Al rights reserved
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-10.1 | magnetic dipole H for a particle or nucleus, For an atom or nucleus, this energy is
(9-11.1) moment vector quantity causing an | quantized and may be written as
fr moment (m) increment W =guxMB
magnétique AW =-p-B , -
gnetiq to its energy W vyhere gisthe approprlate g-factor
(ISO 80000-5:2007, item (|tem 10-15.1 or item 10-15.2),
5-20 1) in an external 1y is mostly the Bohr magneton or
magnetic field with nuclear magneton (item 10-10.2 or.
magnetic flux density B item 10-10.3), M is the magnetic
(IEC 80000-6:2008, item | quantum number (item 10-14/4), anf
6-21) B is the magnitude of themagnetio
flux density.
See also IEC 8000036:2008, item
6-23.
10-10.2 | Bohr magneton | up _eh Ug = 927,400 915(23) x 10726 J T-
(0-11.2) . magnéton (m) ’8 om, [2006 EODATA recommended
de Bohr , values].
where e is the elementary ) .
charge (item 10-5.1), and . 48 1S magnetic moment of an
mg is the rest mass of electron in a state with o.rbital
electron (item 10-2) quantum number l=.1 (item 10-14.B)
due to its orbital motion.
10-10.3 | nuclear magneton | u,, _eh Ly = 5,050 783 24(13) x 1027 J T
(9-11.3) fr magnéton (m) AN = 2mp [2006 CODATA recommended
nucléaire . values].
W: e e.t|s th1eoel5e;nentadry Subscript N stands for nucleus. For
¢ arge (item 10-5.1), an the neutron magnetic moment,
my is the rest mass of subscript n is used. The magnetic
proton (item 10-2) moments of protons or neutrons differ
from this quantity by their specific
g-factors (item 10-15.2).
10-11 spin s internal angular Spin is an additive vector quantity.
(—) fr spig momentum
P (ISO 80000-4:2006, item
4-12) of a particle or a
particle system
8 © ISO 2009 — Al rights reserved
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squared per
second

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-10.a |ampere square |A-m?2

metre
10-11.a | kilogtam metre |kg-m2-s—!

© I1SO 2009 — Al rights reserved
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-12 total angular J vector quantity in a In atomic and nuclear physics, orbital
(—) momentum quantum microsystem angular momentum is usually
composed of angular denoted by I or L instead of A.
fr mof’”?’f’t (m) mompentum A k Y |
cinetique (ISO 80000-4:2006, item | The magnitude of J is quantized so
total 4-12) and spin s (item that J2 =72 (j+1), where j is the
10-11) total angular momentum quantum
number (item 10-14.6).
Total angular momentum and
magnetic dipole moment have-the
same direction.
j is not the magnitude- of the total
angular momentum.J but its
projection onto‘the quantization axig,
divided by 7\
10-13.1 | gyromagnetic ¥ u=y.J
(9-12) ratio for electron, | * © ©
magnetogyric where 4 is the magnetic
ratio for eIeptron, dipole moment (item
gyromagnetic 10-10.1), and
coefficient for T t.h ’t tal i
electron is the to a. angular
momentum (item<10-12)
fr coefficient (m)
gyro-
magnétique
de I'électron
10-13.2 | gyromagnetic Y u=yJ The systematic name is
(9-12) ratio, _ _ “gyromagnetic coefficient”, but
magnetogyric where 4 is the magnetic | “gyromagnetic ratio” is more usual.
ratio, dipole moment (item ; :
gyromagnetic 10-10.1), and The gyromagnetic ratio of the protom
coefficient J is the total angular is denoted by .
fr coefficierit{m) momentum (item 10-12) Yy = 2,675 222 099(70) x 108 s=1 T
gyro=y+ [2006 CODATA recommended
magnetique values].
10 © ISO 2009 — Al rights reserved
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metre per
joule second

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-12.a |joule second J-s

10-13.a |ampere square |A-m2/(J-s) TA-m%(J-s)=1A-skg=1T"1-s-"

© I1SO 2009 — Al rights reserved
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES

Item No. Name Symbol Definition Remarks

10-14.1 | quantum number | n, [/, m, | number describing Electron states determine the binding

) fr nombre (m) J, s, F partlctular state Of? energy £ = E(n,m, j,s) inan atom.

quantique quantum microsystem Capitals L, M, J, S are usually
used for the whole system.
The spatial probability distribution of
an electron is given by |l//| where v
is its wave function. For an electron|in
an H-atom in a non-relativistic
approximation, it can be presented as
l//(l", 29’ ¢) = Rnl(r)'Ylm(ﬂ! ¢)
where
r, ¥, @ are spherical-¢oordinates
(ISO 80000-2:2009, item 2-16.3) with
respect to thenucleus and to a given
(quantizatien) axis,
R,,(r) As.the radial distribution
function'and Y;" (&, @) are sphericdl
harmonics.
In the Bohr model of one-electron
atoms, n, [ and m define the
possible orbits of an electron around
the nucleus.

10-14.2 | principal quantum | n atomic quantum number In the Bohr model, n=1,2,...,00 is

(9-23) number related to the number n—1 | related to the binding energy of an

fr nombre (m) of radial nodes of one- electron and the radius of spherical
quantique electron wave functions orbits (principal axis of the elliptic
principal orbits).
For an electron in an H-atom, the
semi-classical radius of its orbit is
r, = a0n2 and its binding energy is
2
E;l :EH/n .

10-14.3 | orbital angular LI, L atomic quantum number 2 _32 _ _

(9-18) momentum ' related to the orbital P=1HI+1), 1=01,..n 1.
quantum angular momentum / ofa | / refers to a specific particle i;
aumber one n!obtrr\lnl state !

L is used for the whole system.

fr nombre (m)
quantique du An electron in an H-atom for /=0
moment appears as a spherical cloud. In the
cinétique Bohr model, it is related to the form of
orbital, the orbit.

nombre (m)
quantique
orbital
12 © ISO 2009 — Al rights reserved
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10-14.a |one 1 See the Introduction, 0.3.2.
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-14.4 | magnetic m, m;, M| atomic quantum numbers | [, =m;h, j.=m;h, s, =mh with the
(9-24) quantum related to the the z- ranges from —/ to /, from —j to j,
number component [_, j_or s, |and+1/2, respectively.
fr nombre (m) of the orbital, total or spin e . .

. m; refers to a specific particle i;
quantique angular momentum M d for the whol ¢
magnétique is used for the whole system.

Subscripts 1,5, 7 etcsas
appropriate, indicate the angular
momentum involved.
10-14.5 | spin quantum s characteristic quantum Fermions have s =1/2.0r s =3/2.
(9-19) number number of a particle, Observed bosons have s =0 or s=1.
fr nombre (m) related EO its spin angular | the total spin quantum number S df
quantique mzomezn um s an atom is refated to the total spin
du spin s°=n"s(s+1) (angular momentum), which is the
sum of the.spins of the electrons.
It has the possible values
$=0,1,2,... foreven Z and
§=1,3,. forodd Z.
10-14.6 | total angular Js Jin J |Quantum nqmber inan J; refers to a specific particle i;
(9-20) momentum atom describing J is used for the whole system.
quantum magnitude of tofal
number angular monmentum J Care has to be taken, as quantum
fr nombre (m) (item 10-12) number J is not the magmtu'de of
quantique du total angular momentum J (item
moment 10-12).
;:é7aelt/que The two values of j are [£+1/2.
(See item 10-14.3.)
Here, “total” does not mean
“‘complete”.
10-14.7 | nuclear spin 1 quantum number related | Nuclear spin is composed of spins of
(9-21) quantum to the total angular the nucleons (protons and neutrons
numbeg momentum J ofa and their (orbital) motions.
fr nofmbre (m) ntucileus in a?ly spﬁcg‘;ed In principle there is no upper limit for
quant{que ifc%a?ogg;ﬁ y calle the nuclear spin quantum number. |
de spin 2 2 ) has possible values 7 =0,1,2... for
nucleaire = =01 +7) even 4 and /=1,3,5,... forodd 4.
In nuclear and particle physics, J is
often used.
14 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks
10-14.a |one 1 See the Introduction, 0.3.2.
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Item No. Name Symbol Definition Remarks
10-14.8 | hyperfine F quantum number of an | The interval of F is |]_J|, |1_J|+1’
(9-22) structure atom describing
quantum inclination of the nuclear | { +J.
number spin with respect to a This is related to the hyperfine splitting of
fr nombre (m) gua;gtlzna;tlor:] at)i('sﬂg'l\('jen the atomic energy levels due to the
quantique de y the magnetic Tield interaction between the electron and
structure produced by the orbital nuclear magnetic moments
hyperfine electrons
10-15.1 |[Landé factor of g U These quantities are also called g-valugs.
9-13.1 t lectron, g§=—
( ) giggo?:)?;gr:won Jug The Landé factor can be-calculated from
or electron where u is magnitude of the expression
fr facteur (m) magnetic dipole moment g(L, §,J)=
de Landé (item 10-10.1), 14( _1).J(J+1)+S(S+1)—L(L+1)
d'un atome J is total angular Ee 2J(J +1)
oud'un momentum quantum where
électron, number (item 10-14.6),
facteur (m) and g is the Bohr 2. 2,002 319 304 362 2(15)
g dg’” atome magneton (item 10-10.2) |is:the g-factor of the electron
Cloctron [2006 CODATA recommended values].
10-15.2 ||g-factor of g U The g-factors for nuclei or nucleons are
-13. nucleus or =5 nown from measurements; e.g. the
(9-13.2) I g I k fi t th
nuclear particle B g-factor of the proton is
fr facteur (m) where K is. magnitude of g, =5,585 694 713(46)
g d'un noyau ?il:gqn?gcfga?le moment [2006 CODATA recommended values].
ou d'une B
particule Lis nuclear angular
nucléaire momentum quantum
number (item 10-14.7),
and ug is the Bohr
magneton (item 10-10.2)
16 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks
10-14.a |one 1 See the Introduction, 0.3.2.
10-15.a |one 1 See the Introduction, 0.3.2.
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Item No. Name Symbol Definition Remarks
10-16.1 |Larmor angular oL o = e B The quantity
(9-14.1) | frequency L= 2m, v =0 /21
fr pulsation (f) de where e is the elementary is called the Larmor frequency.
Larmor .
charge (item 10-5.1),
m, is the rest mass of electron
(item 10-2), and
B is magnetic flux density
(IEC 80000-6:2008, item
6-21)
10-16.2 | nuclear N wN = ¥B
(9-14.2) precession
angular where ¥ is the gyromagnetic
frequency coefficient (item 10-13.2),
fr pulsation (f) de and B is magnetic flux density
précessjon (|EC 80000-6:2008, item 6-21)
nucléaire de
Larmor
10-17 cyclotron angular | ¢, |q| The quantity
(9-15) frequency w,=—2~8 V. =, 21
m [} [}
fr pulsation (f i LY.
s p%;?lé?g;) where ¢ is elecs® charge is called the cyclotron frequencgy
(IEC 80000-6:2008, item 6-2) of
the particle,)m is its mass
(ISO 80000-4:2006, item 4-1),
and " Bis the magnitude of the
maghetic flux density
(IEC 80000-6:2008, item 6-21)
10-18 nuclear Q -1 2 2 The electric nuclear quadrupole
(9-16) quadrupole 0=( /e)j(BZ ol y,z)dV moment is eQ.
moment in the quantum state with the
p ¢ nuclear spin in the field This value is equal to' the .
T mcowmaczll;i p((r)r;;ire direction (z), where p(x,y,z) |2z-component of the diagonaliz¢d
nudléaire is the nuclear electric charge tensor of quadrupole moment.
density (IEC 80000-6:2008,
item 6-3), e is the elementary
charge (item 10-5.1),
r2 =x2 +y2 +22, and
dV is the volume element
dxdydz
18 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks
10-16.a |radian per rad/s See the Introduction, 0.3.2.
second
10-16.b |second tothe |s-!
power minus
one
10-17.a |radian per rad/s
second
10-17.b |second tothe |s-!
power minus
one
10-18.a | metre squared™ [m2
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Item No. Name Symbol Definition Remarks
10-19 nuclear radius R conventional radius of This quantity is not exactly defined. It
(9-17) fr rayon (m) sphere in which tl_we is g_iven approximately for nuclei in
. nuclear matter is included | their ground state only by
nucléaire
R=rq 413
where r ~1,2x10""®m and 4 is
the nucleon number
10-20 fine-structure a 2 o =1/137,035 999 679(94)
(9-29) constant a= [2006 CODATA recommended
p 4meyhcy values].
T constante (f)
de structure where e is the elementary | This is a factor historically related tg
fine charge (item 10-5.1), the change and splitting of atomic
g is the electric constant | €Nergy levels due to relativistic
(IEC 80000-6:2008, item | &ffeCtS.
6-14.1), h is the reduced
Planck constant (item
10-6.2), and ¢, is the
speed of light in vacuum
(ISO 80000-7:2008, item
7-4.1)
10-21 electron radius Yo &2 This quantity corresponds to the
(9-26) £ ravon (m) de I — electrostatic energy E of a charge
I'électron 07(er0 distributed inside a sphere of radius
where é-is the elementary | 7 as if all the rest energy (item 103)
chatge-(item 10-5.1), of the electron were attributed to thd
€ 'is the electric constant | energy of electromagnetic grigin,
(IEC 80000-6:2008, item | using the relation £ =mgcj.
6-14.1), m is the rest r, = 2,817 940 289 4(58) x 10-19
mass of electron (item
10-2), and ¢, is the speed [2006 CODATA recommended
L values].
of light in vacuum
(ISO 80000-7:2008, item
7-4.1)
10-22 Compten Ao h The wavelength of electromagnetic
(9-27) wavelength ‘c= m_co radiation scattered from free electrons
fFlonaueur (f) : ((‘nmlntnn Qr‘m‘tnring) is Iargnr than
d'onde de where / is the Planck that of the incident radiation by a
Compton constant (item 10-6.1), maximum of 2.
m is the rest mass (item
10-2) of a particle, and
¢ is the speed of light in
vacuum
(ISO 80000-7:2008, item
7-4.1)
20 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks
10-19.a | metre m Nuclear radius is usually expressed
in femtometres. 1 fm = 10-15 m.
10-20.a |one See the Introduction}.0.3.2.
10-21.a |metre m
10-22.a-_}\metre

© I1SO 2009 — Al rights reserved
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10-23.1 | mass excess A A=my— Am,
(9-28.1) p . d
r exces (m) de where mj is the rest mass
masse (item 10-2) of the atom,
A is its nucleon number
(item 10-1.3), and
mis-the-bnifled-atomic
mass constant (item
10-4.2)
10-23.2 | mass defect B B= Zm(1H)+Nmn —m, If the binding energy of the-atomic
(9-28.2) fr défaut (m) de _ electrons is neglected, Bc% is equal
masse where Z is the proton to the binding energy-of the nucleus.
number (item 10-1.1) of
the atom, m(1H) is atomic
mass (item 10-4.1) of 1H,
N is neutron number
(item 10-1.2), m,, is the
rest mass (item 10-2) of
the neutron, and m, is the
rest mass (item 10-2) of:
the atom
10-24.1 | relative mass A, A =Alm,
(9-29.1) excess
fr excés (m) de where A is.the mass
masse relatif excgss (iteml1l0-23.1) ?nd
m,, is'the unified atomic
mass constant (item
10-4.2)
10-24.2 | relative mass B, B,=BlIm,
(9-29.2) defect
where B is the mass
fr défaut (m) de .
masse relatif defgct (item .1.0-23.2) a.nd
m,, is the unified atomic
mass constant (item
10-4.2)
10-25.1 | packing fraction f f=A14
(9-30.1)
fr. fa;:teur(m) ;je where A, is relative mass
assemen excess (item 10-24.1) and
A is the nucleon number
(item 10-1.3)
10-25.2 | binding fraction b b=B.14
(9-30.2) PR d
r aﬁtgur(m) e where B is relative mass
laison defect (item 10-24.2) and
A is the nucleon number
(item 10-1.3)
22 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks

10-23.a | kilogram kg

10-23.b | dalton, Da, u See item 10-2.b. 1Da=1u=

unified atqmic 1,660 538 782(83) x 1027 kg
mass unit [2006 CODATA recommended

values].
Quantities 10-23 1 and 10-23.2 are
usually expressed in daltons.

10t24.a |one 1 See the Introduction, 0.3.2

10t25,a\one 1 See the Introduction, 0.3.2
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10-26 decay constant, | relative variation dN/N For exponential decay, this quantity is
(9-36) disintegration of the number N of atoms | constant.
constant or nuclei in a system, due | |f more decay channels occur, then
fr constante (f) to spontaneous emission 1= 2’1 where 1 denotes the
de désinté- from these atoms or nuclei a a -
gration, during an infinitesimal time | Probability of decay to a specified
décroissance duration df , _ 1
(ISO 80000-3:20086, item all final states. Further, 1= -
3-7), thus
__19N
N dt
10-27 mean lifetime, T 1 Mean lifetime is)the expectation of the
(9-31) mean life = E lifetime of an unstable particle or an
f vie (f excited state of a particle.
r vie (f) moyenne where 1 is the decay
constant (item 10-26)
10-28 level width r fi Kevel width is the uncertainty of the
(9-32) |4 jargeur (f) de I'=— energy of an unstable particle or an
n%veau T excited state of a system due to the
where 7 is the reduced Heisenberg principle.
Planck constant (item
10-6.2) and 7 is'the mean
lifetime (item-.10-27)
10-29 activity A variation-dN of For exponential decay, 4= AN,
(9-33) |4 activite 0 spontaneous number of | where A is the decay constant (iten
(10-49) nuclei N in a particular 10-26).
energy state, in a sample
of a radionuclide, due to
spontaneous nuclear
transitions from this state
during an infinitesimal time
interval, divided by its
duration dt¢
(ISO 80000-3:2006, item
3-7), thus:
__aN
dr
10-30 specific activity, a A
(9-34) massic activity a= m
fr activité ,(f) where A4 is the activity
massique (item 10-29) of a sample
and m is its mass
(ISO 80000-4:2006, item
4-1)
24 © ISO 2009 — Al rights reserved
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10-26.a |second tothe |s—1

power minus

one

10-27.a |second S

10-28.a |joule J

10-28.b | electronvolt eV kinetic energy acquired byan |1eV =

electron in passifg through a | 1,602 176 487(40) x 10-19J
potential difference of 1 V in [2006 CODATA recommended
vacuum values].

10-29.a | becquerel Bq 1Bqg:=1s"" The becquerel is a speciallname for
second to the power minug one, to
be used as the coherent S| unit of
activity.
curie, (Ci), 1 Ci =3,7 x 10'9|Bq

10-30.a | becquerel per |Bg/kg

kilogram
(continued)
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10-31 activity density, cp A
(9-35) volumic activity, CA = %
activity
concentration where A4 is the activity
f activits (f (item 10-29) of a sample
r ach?/u;E )ue and V is its volume
q (ISO 80000-3:2006, item
3-4)
10-32 surface activity ag ag=AlS This value is usually defined-forflat
(—) density, ) sources, where S corresgonds to the
areic activity where S is the total area |t area of surface of one side of the
o (1SO 80000-3:2006, item | source.
fr act/\ﬁ;‘e (.f) 3-3) of the surface of a
suriacique sample and 4 is its
activity (item 10-29)
10-33 half-life TI/Z average duration For exponential decay, ﬂ/Z =(In 2)//1_
(9-37) - (ISO 80000-3:2006, item
fr période (f) )
. . 3-7) required for the decay
radioactive
of one half of the atoms or
nuclei
10-34 alpha 0, sum of the kinetic energy | The ground-state alpha disintegratign
(9-38) disintegration (1ISO 80000-3:2006, item energy, 0, . also includes the
energy i;igfc)ezf it:ttah:c-partlcle energy of e{ny nuclear transitions that
fr endeérsgillftg-) de disintegration process and | t2ke place in the daughter produceq.
; the receil-energy
gration alpha (1ISO.80000-5:2007, item
5-20:1) of the product
atom in the reference
frame in which the emitting
nucleus is at rest before its
disintegration
10-35 maximum beta= Eﬁ maximum energy
(9-39) particle energy (1ISO 80000-5:2007, item
. . R 5-20.1) of the energy
fr el;,i;il, %g;eb ola spectrum in a beta
disintegration process
26 © ISO 2009 — Al rights reserved
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10-31.a | becquerel per | Bg/m3
cubic metre

10-32.a |becquerel per | Bg/m?
square metre

10-33.a |second S

10-34.a |joule J

10-34.b | electronvolt eV See 10-28.0: 1 eV =1,602 176 487(40) k 10-19J
[2006 CODATA recommended
values].

10-35.a |joule J

10-35.b | electronvolt eV See 10-28.b. 1 eV =1,602 176 487(40) k 10-19 J
[2006 CODATA recommended
values].

{continued)
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10-36 beta QB sum of the maximum beta | For positron emitters, the energy for
(9-40) disintegration particle kinetic energy the production of an electron pair has
energy (item 10-35) and the to be added to the sum mentioned in
fr énergie (f) de recoil energy the definition.
rgie | (ISO 80000-5:2007, item N _
des;_nte— A 5-20.1) of the atom The ground-state beta disintegration
gration béta produced in the reference |energy, Jp g, also includes the
frame in which the emitting | energy of any nuclear transitions that
nucleus is at rest before its | take place in the daughter product:
disintegration
10-37 internal o ratio of the number of The quantity a/(a +1)is also used
(9-41) conversion internal conversion and may be calledthe internal
factor electrons to the number of | .version fraction.
f fact d gamma quanta emitted by
r facteur (m) de the radioactive atom ina | Partial convérsion fractions referring
I_‘;;’tgﬁers’on given transition to the various electron shells K, L, .},
are indicated by oy, o, ...,
aghoy is called the K to L internal
eonversion ratio.
10-38.1 | reaction energy 0 in a nuclear reaction, the [ For exothermic nuclear reactions,
(10-1) fr énergie (f) de sum of the kinetic energies
9 ; (ISO 80000-4:2008, item
reaction 4-27.3) and phéton For endothermic nuclear reactions,
energies
(ISO 80000-5:2007, item
5-20.1) of the reaction
products minus the sum of
thekinetic and photon
energies of the reactants
10-38.2 |resonance energy E) Epes kinetic energy
(10-2) fr énergie (f) de (ISO 80000-4:2006, item
9 4-27.3) of an incident
résonance . !
particle, in the reference
frame of the target,
corresponding to a
resonance in a nuclear
reaction
28 © ISO 2009 — Al rights reserved
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10-36.a |joule J
10-36.b | electronvolt eV See 10-28.b. 1 eV =1,602 176 487(40) x 10-19J
[2006 CODATA recommended
values].
10-37.a |one 1 See the Intreduction, 0.3.4.
10-38.a |joule J
10-38.b | electronvolt eV See 10-28.b. 1 eV =1,602 176 487(40) k 10-19J
[2006 CODATA recommended
values].
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10-39.1 | cross-section o for a specified target The type of process is indicated by
(10-3.1) | & section (f) partlgle and for a specified | gpscripts, e.g. absorption cross-
. reaction or process . . i .
efficace produced by incident sectllon. Oy scattermgl cross-section
charged or uncharged o, fission cross-section o;.
particles of specified type
and energy, the mean
number of such reactions
or processes divided by
the incident-particle
fluence (item 10-44)
10-39.2 | total cross-section Oiopr O7 | SUM of all cross-sections In the case of a narrew unidirectional
(10-3.2) , (item 13-36.1) beam of incident(particles, this is th¢
fr section (f) . . .
. corresponding to the effective cross-section for the remoyal
efficace . ; e )
totale various reactions or of an incident par‘uclelfrom the beam.
processes between an See the, Remarks for item 10-53.
incident particle of
specified type and energy
(ISO 80000-5:2007, item
5-20.1) and a target
particle
30 © IS0 2009 - All rights reserved
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10-39.a |square metre |m2 barn (b), 1b = 10728 m2

(continued)
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10-40 angular oo cross-section for ejecting | Quantities 10-40, 10-41 and 10-42
(10-4) cross-section or scattering a particle into | are sometimes called differential
fr section (f) an _elementary cone, cross-sections.
efficace divided by the solid angle In accordance with conventions used
directionnelle dQ (ISO 80000-3:2006, . _ )
item 3-6) of that cone: in other parts of this International
. Standard, angular and spectral cross-
0=Jog0s2 sections are indicated by the use of
subscripts. Information about
10-41 spectral oy cross-section (item incoming and outgoing particles maly
(10-5) cross-section 10739.1) for a process in be added between parenthéses, e.d.
i secton e a7, tom | Za0Ea2ED o
officace 5-20.1) of the ejected or | 92.£(NE0.P) o a(n.p).
spectrique scattered particle is inan | The cross-section for a process in
interval of energy, divided hich an inceming neutron of ener
by the range dFE of this whic .g , ¥
interval EO gauses the ejgct|on of a proton
within the energy interval [E,E +dE]
0=IaEdE andyin the elementary cone with sol(d
angle dQ, about the scattering anglg
10-42 spectral angular | g, , cross-section (item d,is 0 p(NEg,pEY) d2 dE.
(10-6) cross-section 10-39.1) for eJec_tmg_or Sometimes, the incoming and
fr section (f) scattering a partlclg o an outgoing particles are indicated b
; elementary conewith going p y
efficace energy E subscripts, in which case the
ggzggfq”;ee”e (ISO 80000-5:2007, item | subscript 2 or E indicating the
5-20.1) in“an energy angular or spectral character could pe
interval, divided by the placed in the superscript position, e|g.
solid;angle dQ O'Q‘E(E ) or o E
(1SO 80000-3:2006, item np 70 n.p
3-6) of that cone and the | If, however, the subscripts Q or £
range dE of that interval: | are omitted completely from the
cross-section symbol, the angular oy
7= H 0o pdQdE spectral character of the cross-
section then follows only from the
occurrence of the variable ¢ or E for
the outgoing particles between the
parentheses, e.g. an‘p(Eo,Ezﬁl) or
On,p(ED).
These variables should then never be
omitted.
Instead of “spectral”, the terms
“distribution with respect to energy” or
“energy distribution” can be used (see
ICRU Report 60, 1998).
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per steradian
joule

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-40.a |square metre m2/sr

per steradian
10-41.a |square metre m2/J

per joule
10-42.a |square metre | m2/(sr-J)
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Item No. Name Symbol Definition Remarks
10-43.1 | volumic 2 sum of the cross-sections | ¥ = Moy +...+n;0; +
(10-7.1) cross-section, (item 10-39.1) for a
macroscopic reaction or process of a where n; is the number density and
cross-section specified type overall | g the cross-section for entities of
fr section (f) aFomsB% 8ther 9nt:jt!e%|nda type j. When the target particles of
efficace given omain, diviae the medium are at rest, 2'=1//,
maclro- by the VOlume whora 1 1o tha o £om A th (Ot
scopiaue (IS0 60000-5:20006, 1tem e e e R T PR AT
opique, 3-4) of that domain 10-73).
section (f)
efficace See the Remarks for item 10350.
volumique
10-43.2 | volumic total S 27 | SUM of the total cross-
(10-7.2) cross-section, sections (item 10-39.1) for
macroscopic total all atoms or other entities
cross-section in a given 3D domain,
fr section (f) divided by the volumg
officace (ISO 80000-3:2006, item
3-4) of that domain
totale
macro-
scopique,
section (f)
efficace
totale
volumique
10-44 particle fluence 03] at a given'point of space, | The word “particle” is usually replacgd
(10-8) the number dN of by the name of a specific particle, fqr
fr ﬂb;)eanr;ilfzge particles incjdent ona example proton fluence.
small spherical domain, | \yhen a flat source is used, for
divided by the cross- particles passing perpendicularly
sectional area d4 through the surface, this value is the
(ISO 80000-3:2006, item | hymber of particles passing through
3-3) of that domain: the surface of the flat source divided
dN by the total area of that surface.
bO=—
d4
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power minus

two

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-43.a | metre to the m—1

power minus

one
10-44.a | metre to the m—2

(continued)
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QUANTITIES

Item No. Name

Symbol

Definition

Remarks

10-45
(10-9)

particle fluence
rate

fr débit (m) de
fluence de
particules

0, d

_de
dr

where d® is the increment

of the particle fluence

(item 10-44) during an

infinitesimal time interval

0

The word “particle” is usually replaced
by the name of a specific particle, for

example proton fluence rate.

Mostly, symbol @ is used instead of

0.

The distribution function expressed

in

with duration ar

(ISO 80000-3:2008, item
3-7)

terms of speed and energy, 60, and
0O, are related to 6 by
0=[6,dv=[6dE.

This quantity has alsg)been termed
particle flux densijty-’Because the
word “density” has several
connotations, the term “fluence rate
is preferred./For a radiation field
composed of particles of velocity v,
thedluence rate is equal to nov, whe
HNis the particle number density.

See Remarks for 10-44.

10-46
=)

radiant energy

fr énergie (f)

rayonnante

energy
(1ISO 80000-5:2007, item
5-20.1), excluding rest
energy (item-10-3), of the
particles that are emitted,
transferred or received

For particles of energy E (excluding

rest energy), the radiant energy, R,

equal to the product NE where N i$

o]

the number of the particles that are
emitted, transferred or received

The distributions, N, and R, of thg
particle number and the radiant
energy with respect to energy are
given by N; =dN/dE and R; =dR/q
where dN is the number of particles
with energy between E and E+dE
and dR is their radiant energy. The
two distributions are related by

Ry =ENg.

is

E

36
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Item No. Name Symbol Definition Conversion factors and remarks
10-45.a | metre to the m—2/s

power minus

two per

second
10-46.a |joule J

(continued)
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Item No. Name Symbol Definition Remarks
10-47 energy fluence v at a given point of space,
(10-10) fr fluence (f) the su.m of the. radiant
. ,. energies dR (item 10-46),
énergetique .
exclusive of rest energy, of
all particles incident on a
small spherical domain,
divided by the cross-
sectional area dA4
(ISO 80000-3:2006, item
3-3) of that domain:
=2
dA4
10-48  |energy fluence | ¥ Y Mostly, symbol ¥ is used instead of
(10-11) rate W=
dr v
fr def/buI;g(T:]e) de where d¥ is the increment | Symbol v is lower case psi.
énergétique of the energy fluence (item
10-47) during an
infinitesimal time interval
with duration df
(ISO 80000-3:2006, item
3-7)
10-49 particle current J, (S) vector quantity, the Usually the word “particle” is replaced
(10-12) o integralof whose normal by the name of a specific particle, fqr
fr densité (f) de
component over any example proton current.
courant de i ) l to th t
ricules surface is equal to the ne Svmbol S i ded wh
pa number N of particles ym 9 IS rgcgmmen € W en .
passing through that there is a possibility of confusion with
surface in an infinitesimal | the symbol J for electric current
time interval divided by its | density. For neutron current, the
duration dt symbol J is generally used. The
(ISO 80000-3:2006, item | distribution functions expressed in
3-7): IJ~endA=dN/dt terms of speed and energy, J, and
where ¢,d4 is the vector Jp, are related to J by
surface element J:_[JU dv=jJEdE.
(ISO 80000-3:20086, item
3-3)
38 © ISO 2009 — Al rights reserved
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power minus
two per
second

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-47.a |joule per Jim2

square metre
10-48.a | watt per square | \W/m?2

metre
10-49.a | metre to the m—2/s

© I1SO 2009 — Al rights reserved

(continued)

39


https://standardsiso.com/api/?name=6b885a0ab5b52f10656666d7d1820adf

ISO 80000-10:2009(E)

ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-50 linear gt_tenuation jI _1dJ U is equal to the macroscopic total
(10-13) | coefficient = cross-section 2 for the removal of
fr coefficient (m) . . particles from the beam.
. ) where J is magnitude of
d'atténuation .
linéique the current rate (item
10-49) of a beam of
particles parallel to the
x -direction
10-51 mass gt_tenuation . Uy =11 p
(10-14) coefficient
f Fici where u is the linear
r coe’ /C{ent (’.“) attenuation coefficient
d'atténuation \ .
massique (item 10-59) and p is the
mass density
(ISO 80000-4:2006, item
4-2) of the medium
10-52 molar _at_tenuation U w.=plc
(10-15) coefficient
f Hici where u is the linear
r coe: /C{ent (m) attenuation coefficient
d'atténuation ) .
molaire (item 10-50) and c is\the
amount-of-substance
concentration
(ISO 80000-9:2009, item
9-13) of the‘'medium
10-33 atomic A uf=uln w is equal to the total cross-section
(70-16) | attenuation . _ oyt for the removal of particles fron
coefficient where u is the linear the beam
fr coefficient (m) attenuation coefficient '
datténuation (item 10-50) and n is the |See also item 10-39.2.
atomique number density
(ISO 80000-9:2009, item
9-10.1) of the atoms in the
substance
10-54 half-value dy/o thickness For exponential attenuation,
(10-17) thickness (ISO 80000-3:2006, item dyp=(n2)/p.
£ L ot e (£ 3-1 4) Of the attenuating QOther halfavaliic thicknesses such as
L UI\JCIIOOUUI \I} k)
de demi- layer t.hat rgduces the those for attenuation, exposure and
) ) quantity of interest of a ;
atténuation 7 air kerma are also used.
unidirectional beam to half
of its initial value
40 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks
10-50.a | metre to the m—1
power minus
one
10-51.a | metre squared |m?2/kg
per kilogram
1(0-52.a | metre squared | m2/mol
per mol
10-53.a |metre squared |m?2
10-54.a \metre m
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10-55 total linear S, S S=—dE/dx Also called stopping power.
(10-18) stopping power where —dE is the energy | Both electronic losses and radiative
fr pouvoir (m) (ISO 80000-5:2007, item |[losses are included.
darret 5-20.1) decrement in the The ratio of the total linear stoppin
linéique total x -direction along an 9
elementary path with the power of a substancg to that of a
L reference substance is called the
R . relative linear stopping power.
(ISO 80000-3:2006, item
3-1.1) See also item 10-88.
10-56 total atomic S, S,=SIn
(10-19) stopping power
] where S is the total linear
frpouvoir (m) stopping power (item
darrét 10-55) and # is the
?;?aquue number density
(ISO 80000-9:2009, item
9-10.1) of the atoms in the
substance
10-57 total mass S, S, =Slp The ratio of the total mass stopping
(10-20) stopping power power of a substance to that of a
fr pouvoir (m) wherg S is the t9t3| limear | reference substance is called the
d'arrét stopping power (item relative mass stopping power.
T;as/sique gg;ii)yand p isthe mass
ota
(ISO 8000024:2006, item
4-2) of'the sample
10-58 mean linear range | R, R mean total rectified path
(10-21) fr parcours (m) length (ISO 80000-3:2006,
moyen item 3-1.1) travelled by a
linéaire particle in the course of
slowing down to rest (or to
some suitable cut-off
energy) in a given
substance under specified
conditions averaged over
a group of particles having
the same initial energy
(ISO 80000-5:2007, item
5-20.1)
10-59 mean mass range R,), (R,) R,, =Rp
10-22
( : fr parcours (m) where R is the mean
gg}s/gg en linear range (item 10-58)
and p is the mass density
(ISO 80000-4:2006, item
4-2) of the sample
42 © ISO 2009 — Al rights reserved
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Item No. Name Symbol Definition Conversion factors and remarks

10-55.a |joule per metre |J/m

10-55.b | electronvolt per | eV/m 1eVim=
metre 1,602 176 487 (40) x 10~1° J/m
[2006 CODATA recommended
values].
10-56.a |joule metre J-m?2
squared
10-56.b | electronvolt eV-m?2 1eV-Mm2=
metre squared 1,602 176 487 (40) x 1019 J - m2
[2006 CODATA recommended
values].
10-57.a |joule metre J-m2/kg
squared per
kilogram
10-57.b | electronvolt eV - m2/kg 1 eV-m2kg =
metre squared 1,602 176 487(40) x 10-19J - m2/kg
per kilogram [2006 CODATA recommended
values].
1(0-58.a |metre m

10-59.a | kilogram per kg/mZ
metre squared

(continued)
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10-60 linear ionization N, _1dQ Ioni_zation due _to .secondary ionizing
(10-23) fr ionisation (f) = al particles, etc., is included.
linéique where e is the elementary
charge and dQ is the
average total charge of all
pasitive ions produced
over an infinitesimal
element of the path with
length d!/
(ISO 80000-3:2006, item
3-1.1) by an ionizing
charged particle
10-61 total ionization N, by a particle, total mean N=_[N- dl
(10-24) fr ionisation (f) charge, divided by the '
totale elementary charge, e, of | See Refarks for item 10-60.
all positive ions produced
by an ionizing charged
particle along its entire
path and along the paths
of any secondary charged
particles
10-62 average energy /4 W, =E/N, The name “average energy loss pe
(10-25) loss per ) o ion pair formed” is usually used,
elementary where Egis'the initial although it is ambiguous.The quantity
charge produced kinetic-gnergy _ Si/N;, sometimes called the averagg
fr perte (f) (150,80000-4:2006, item | onargy per ion pair formed, should
moyenne 4-27.3)of anionizing | not he confused with 7.
d'énergie par charged particle and N, is
paire d'ions the total ionization (item In ICRU Report 60, the mean energy
formée 10-61) produced by that | €xpended in a gas per ion pair
particle formed, W, is the quotient of E by
N, where N is the mean number of
ion pairs formed when the initial
kinetic energy E of a charged
particle is completely dissipated in the
gas. Thus W = E/N where the medn
number N of ion pairs is equal to the
total liberated charge of either sign
divided by the charge of the efectron.
It follows from the definition of 7 that
the ions produced by bremsstrahlung
or other secondary radiation emitted
by the charged particles are included
in N.
44 © ISO 2009 — Al rights reserved
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10-60.a | metre to the m—1

power minus

one
10-61.a |one 1 See the Introduction, 0.3.4.
10-62.a |joule J
10-62.b | electronvolt eV Seex}0-28.b. 1 eV =1,602 176 487(40) k 10-19 J

[2006 CODATA recommended

values].
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10-63 mobility ] average drift speed
(10-26) .y (ISO 80000-3:20086, item
fr_mobilité (f) 3-8.1) imparted to a
charged particle in a
medium by an electric
field, divided by the
electric field strength
(IEC 60000-6:2000, 1tem
6-10)
10-64.1 ||particle number n n=NIV n is the general symbol for.the
(10-29) density where N is the number of | Number density of particles-
fr nombre (m) particles in the 3D domain | The distribution function expressed jn
volumique de with the volume terms of speed and-energy, n, and
particules ng, is related totz by
10-64.2 |lion number n,n =NV, i =NV n:jnvdv:andE.
(10-27) density,
ion density where N™ and N~ are the | The werd “particle” is usually replaced
fr nombre (m) numbgr o_f positive and by-the name of a specific particle, fqr
volumiaue negative ions, example neutron number density.
o q respectively, in a 3D
1ons domain with volume V'
(1ISO 80000-3:2006, item
3-4)
10-65 recombination o coefficient in theslaw of The widely used term “recombinatign
(10-28) || coefficient, recombination factor” is not correct because “factof”
recombination dnt Wi should only be used for quantities
factor N with dimension 1.
" ficiont df dt
" coettcent ) wihelon* and - ar the
naison ion number densities (item
10-64.2) of positive and
negative ions,
respectively, recombined
during an infinitesimal time
interval with duration d¢
(1ISO 80000-3:20086, item
3-7)
10-66 diffusion D, D, in the x-direction, The word “particle” is usually replacgd
(10-32) coefficient, J by the name of a specific particle, fqr
diffusion ) =—Anx;)y example neutron number density.
COSTHICISTIE TOT For a particle of a given speed v
particle number where J_is the ’
density x-component of the T
fr coefficient (m) particle current (item Dn(v):—an /8x'
de diffusion, 10-49) and n is the ?
coefficient (m) particle number density
de diffusion (item 10-64.1)
pour le nombre
volumique de
particules
46 © ISO 2009 — Al rights reserved



https://standardsiso.com/api/?name=6b885a0ab5b52f10656666d7d1820adf

ISO 80000-10:2009(E)

UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-63.a |square metre | m?2/(V-s)

per volt

second
10-64.a |metre to the m—3

power minus

three
10-65.a | cubic metre m3/s

per second
10-66.a_<{"metre squared |m2/s

per second
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10-67 diffusion D , (D) J, For a particle of a given speed v,
(10-33) coefficient for 4 D¢=_a o J
fluence rate ? D,(v)=——"—
fr coefficient (m) where J, is the x-compo- dg, /ox
de diffusion nent of the particle current |and
pour le débit (item 10-49) and ¢ isthe | ,p (v)=-D,(v).
de fluence pnrﬁr\ln fluence rate (ifom ¢ n
10-45)
10-68 particle source S rate of production of The word “particle” is usually réeplaced
(10-34) density particles in a 3D domain by the name of a specifi¢\particle, fqr
o divided by the volume example proton source\density.
frdensité (f) ISO 80000-3:20086, it
totale d’une ( e - frem The distribution functions expresseq
3-4) of that element . P
source de in terms of speed and energy, S, and
particules Sy, are rejated to S by
S=[Sgdv=SzdE.
10-69 slowing-down q number density (item For‘a number density » and
(10-35) density 10-64.1) slowing down duration d,
» past a given energy
fr densits ) de (ISO 80000-5:2007, item™ | __dn
sement 5-20.1) value in an Todr
infinitesimal time.interval,
divided by the duration
(1ISO 80000-3:20086, item
3-7) of thatiinterval
10-70 resonance p in @n'infinite medium, the
(10-36) escape probability that a neutron
probability slowing down will traverse
fr facteur (m) all or some specified
antitraope portion of the range of
PP resonance energies (item
10-38.2) without being
absorbed
10-71 lethargy u for a neutron of kinetic
(10-37) . / energy E
fr létargie (f) (ISO 80000-4:2006, item
4-27.3),
U=M(EGTE)
where £ is a reference
energy
48 © ISO 2009 — Al rights reserved
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10-67.a | metre m
10-68.a |second tothe |[s—1/m3
power minus
one per cubic
metre
10-69.a | metre to the m-3/s
power minus
three per
second
10-70.a |one 1 See the Introduction, 0.3.2.
10-71.a |one 1 See the Introduction, 0.3.2.
(continued)
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10-72 average & average value of the
(10-38) logarithmic increase in lethargy (item
energy 10-71) in elastic collisions
decrement between neutrons and
. nuclei whose kinetic
fr décrément (m)
logarithmique energy .
A (ISO 80000-4:2006, item
/'énlergie 4-27.3) 1s negligible
Nl compared with that of the
parameétre (m) neutrons
de ralentis-
sement
10-73 mean free path [, A average distance See the Remarks for
(10-39) & libre (ISO 80000-3:2006, item | item 10-43.
3-1.9) that particles travel
parcours (m) bet i .
moyen etween two successive
specified reactions or
processes
10-74.1 | slowing-down 2 2 in an infinite homogenous
(10-40.1) | area s> sl | medium, one-sixth of the
fr aire (f) de mean square distance
ralentis- (ISO 80000-3:2006, item
sement 3-1.9) between the
neutron source.and the
point where a\neutron
reaches a given energy
(ISO 80000-5:2007, item
5-20.1)
10-74.2 | diffusion area 12 in‘an infinite homogenous | The class of neutrons must be
(10-40.2) b ai medium, one-sixth of the | specified.
r aire (f) de .
diffusion mean square dlstange
(1ISO 80000-3:2006, item
3-1.9) between the point
where a neutron enters a
specified class and the
point where it leaves this
class
10-74.3 | migration area M2 sum of the slowing-down
(10-40.3) i area (1SO 80000-3:2006,
r—aire (f) de NN P
migration T =0 ) MU 115 310UT1
energy to thermal energy
(ISO 80000-5:2007, item
5-20.1) and the diffusion
area for thermal neutrons
50 © I1SO 2009 — Al rights reserved
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10-72.a |one 1 See the Introduction, 0.3.2.

10-73.a | metre m

10-74.a | metre squared |m?2

© I1SO 2009 — Al rights reserved

(continued)

51


https://standardsiso.com/api/?name=6b885a0ab5b52f10656666d7d1820adf

ISO 80000-10:2009(E)

ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-75.1 | slowing-down L., L _[2
(10-41.1) | length s el Ls—\/;s
fr longueur (f) where L2 is the slowing-
de ralentis- down area (item 10-74.1)
sement
_ diffiicion lan~th L —.
10-75.2 diffusientength £ REIE:
(10-41.2)
fr longueur (f) de . o
diffusion where L° is the diffusion
area (item 10-74.2)
10-75.3 | migration length | M M= /Mz
(10-41.3)
fr longueur (f) de 2. o
migration where M~ is the migration
area (item 10-74.3)
10-76.1 | neutron yield per |V average number of fission | Also called v-factor and #-factor.
(10-42.1) | fission neutrons, both prompt and
delayed, emitted per
fr nombre (m) de fission event
neutrons
produits par
fission
10-76.2 | neutron yield per |7 average number.of fission | v/7 is equal to the ratio of the
(10-42.2) | absorption neutrons, bothprompt and | macroscopic cross-section for fission
fr nombre (m) de delatyed, ‘Em'ttgd dpfer to that for absorption, both for
neutrons netltroqabeorbed in a neutrons in the fuel material.
roduits par fissionable nuclide or in a
p p nuclear fuel, as specified
neutron
absorbé
10-77 fast fission factor | ¢ in an infinite medium, the | The class (thermal) of neutrons must
(10-43) ratio of the mean number | be specified.
fr facteur (m) de f t duced b
fission of neutrons produced by
rapide fission due to neutrons of
P all energies
(ISO 80000-5:2007, item
5-20.1), to the mean
number of neutrons
produced by fissions due
to thermal neutrons only
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