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Foreword

ISO 4037-1:1996(E)

ISO (the International Organization for Standardization) i1s a w

eration of national standards bodies (ISO member bodi€s)-
preparing International Standards is normally carried-out
technical committees. Each member body interested in

which a technical committee has been established has th

represented on that committee. International erganizations, ¢

and non-governmental, in liaison with ISO, also-take part in t
collaborates closely with the Internationaly Electrotechnical
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical con
circulated to the member bodies\for voting. Publication as an
Standard requires approval by.at’least 75 % of the member b

a vote.

International Standard 4SO 4037-1 was prepared by Technicd

ISO/TC 85, Nuclear energy, Subcommittee SC 2, Radiation pr

This first edition of ISO 4037-1, along with 1SO-4037-2,

replaces thg) first edition of 1SO 4037:1979, which has beg

reviseds
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X and gamma reference radiation for calibrating dosemeters and
doserate_ meters and for determining their response as a function

of ph

Part
Radia

1 Sco

This part]
calibratin

determir{ing their response as a function of photon energy, The methods for producing a group

radiation

these radliations. The four groups of reference radiation are:

a) in th
ame

b) inth
c) intH
d) intH

These rd

2 Nor

The folld
part of

poton energy —

t characteristics and production methods

pe

of 1SO 4037 specifies the characteristics and production méthods of X and gamma refereng
) protection-level dosemeters and rate dosemeters at air kerma rates from 10 uGy-h=1 to 10

5 for a particular photon-energy range are describediin four sections which define the chg

e energy range from about 7 keV to 250 ke\, “continuous filtered X radiation and the gamn
ricium-241;

e energy range 8 keV to 100 keV, fluprescence X radiation;
e energy range 600 keV to 1,3'MeV, gamma radiation emitted by radionuclides;
e energy range 4 MeV to[9;MeV, gamma radiation produced by reactors and accelerators.

ference radiations should be selected from table 1.
mative references

SO 4037. At the time of the publication, the editions indicated were valid. All standards

e radiation for
by-h=1 and for
of reference
racteristics of

ha radiation of

wingtstandards contain provisions which, through reference in this text, constitute provisions of this part
are subject to

revision

and parties to agreements based on this part of ISO 4037 are encouraged to investigate the possibility of

applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of
currently valid International Standards.

ISO 197-

1:1983, Copper and copper alloys — Terms and definitions — Part 1: Materials.

ISO 1677:1977, Sealed radioactive sources — General.

ISO 3534-1:1993, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms.

ISO 8963:1988, Dosimetry of X and gamma reference radiations for radiation protection over the energy range from

8 keV to

ICRU Re

1,3 MeV.

port 10b, Physical Aspects of Irradiation, National Bureau of Standards Handbook 85(1964).
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Table 1 — List of X and gamma reference radiation and their mean energies

Values in kiloelectronvoits

Fluorescence X Mean energy, filtered X radiation Gamma
radiation, Low air- Narrow- Wide- High air- radiation,
mean energy kerma rate spectrum spectrum kerma mean
series series series rate series energy
8,6 85 2! 15
9,9
12 13
15,8 16
17,5 17
20 20
23,2 24
25,3 26
30
31
33
37,4 37
40,1 45
48 48
49,1
59,3 60 57 57 59,5 (241 Am)
65
68,8
75,0 79
98,4 87 83
100 104 102
109
118 122
149 137 146
147
164 173
185 208 208
211 250
662(137Cs)
1173 and
1 333 (80Co)
4440 (120)
6 000 (Ti)
6 130"
160* and 16N
8 500 (Ni)

1) When produced by protons of energy near the reaction theshold, see 7.1).
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3 Definitions

For the purposes of this part of ISO 4037, the following definitions apply:

3.1 mean photon energy, E : Ratio defined by the formula:

Emax
J'O @, EJE

E= Emax
J'O @y dE

where dYr sthedervative of-tirefioence ¢E of-the }JI;IHCII Y phutuno of erergy L voith respectte—ene gieS between

E and E § dEY], defined as

d®(E)
i T

In this dart of ISO 4037, this definition is abbreviated to “mean energy”.

3.2 spectral resolution, Rg (full width at half maximum): Ratio, expressed“as a percentage, defined by the
formula:

Ry E2E <100
E

where ifjcrement AE is the spectrum width corresponding to-half the maximum ordinate of the spectrum.

NOTE —| In the case where fluorescence radiation is presgnt in the spectrum, the spectrum width measured is based upon
the contipuum only.

In this pprt of ISO 4037 this definition is abbreviated to resolution.

3.3 half-value layer (air kerma), HVL[or HVL,[2]: Thickness of the specified material which attenugtes the beam
of radiatjon to an extent such that théjair kerma rate is reduced to half of its original value.

In this definition, the contribution of all scattered radiation, other than any which might be presen{ initially in the
beam cgncerned, is deemed\to be excluded.

3.4 hdgmogeneity coefficient, 4: Ratio of the first half-value layer to the second half-value layer (air|kerma):

7S

h=|—a
279 [y

3.5 effective energy, Eci (of radiation comprised of X-rays with a range of energies): Energy of the
monoenergetic X-rays which have the same HVL.

3.6 value of peak-to-peak voltage; ripple: Ratio, expressed as a percentage, defined for a given current by the
formula:

Umax — Umm % 100

Umax
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where Umay is the maximum value and Umin the minimum value between which the voltage oscillates.

3.7 X-ray unit: Assembly comprising a high-voltage supply, an X-ray tube with its protective housing, and high-
voltage electrical connections.

3.8 X-ray tube: Vacuum tube designed to produce X-rays by bombardment of the anode by a beam of electrons
accelerated through a potential difference.

3.9 monitor: Instrument used to monitor the stability of the air kerma rate during irradiation or to compare values
of air kerma after successive irradiations.

3.10 primarly radiation (or beam): Radiation or beam emitted by the X-ray tube.
3.11 secondary [fluorescence] radiation: Radiation or beam emitted by a radiator.

3.12 X-ray tube shielding: Fixed or mobile panel intended to reduce the contribution oftseatter X-radiatipn to the
primary or flugrescence (secondary) beam.

4 Continupus reference filtered X radiation

4.1 General

This clause specifies the characteristics of the reference filtered X.fadiation and the method by which a Idboratory
can produce a|specified reference radiation.

4.1.1 Radiation quality

The quality of p filtered X radiation is characterized in-this part of ISO 4037 by the following parameters:
a) mean endrgy, E, ofa beam, expressed jn‘kiloelectronvolts (keV);

b) resolution, Rg, expressed in percent;

¢) half-valuellayer (air kerma), HVL,~expressed in millimetres of Al or Cu;

d) homogengity coefficient,

In practice, th¢ quality 6f the radiation obtained depends primarily on

— the high-oltage'across the X-ray tube,

— the thickness and nature of the total filtration, and
— the properties of the target.

In order to ensure the production of the reference radiation in conformance with the given specifications, the
installation shall comply with certain conditions. These are described in 4.2.

4.1.2 Choice of reference radiation

This part of ISO 4037 specifies four series of reference radiation (see table 2), each series being characterized by
the resolution of the spectrum:
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a) a

b) a
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low air-kerma rate series (see figure 1);

narrow-spectrum series (see figure 2);

c) awide-spectrum series (see figure 3);

d a

high air-kerma rate series (see figure 4).

The spectra shown in figures 1 to 4 are for the most part based upon theoretical calculations!3! and are only given
as examples. Some practical spectra are also included and examples of practical measurements of spectra are
given in references (4], [5], [6], [7] and [8].

The narr|

the resppnse of an instrument with proton energy, provided that the air-kerma rates of that,sefies

with the

charactéfristics of some instruments.

Details

exampld of the additional filtration required to produce the radiation qualities 0f;the high air-kerma
particulaf values of the fixed filtration.

For the Jower air-kerma rate, the narrow-spectrum and the wide-speetrum series, a “reference la

verify,

bl a spectrometric study, that the value of the mean energy ‘produced is within +3 %, and

RE, of the spectra is within + 10 % of the values listed in tables 8;4"and 5.

For refe

within H5 % and the resolutions within = 15 % of the’values in tables 3, 4 and 5. For reference
additiondl filtration of 1 mm Al or less, the target angle, target condition and air path strongly influenc
the mean energies, resolutions and HVLs.

If a lab
tables 3

describgd in 4.3.

Table 2 — Specifications of filtered X radiation

bwest spectra, i.e. those with the lowest resolution, should be used for measurements(of-the variation of

are consistent

range of the instrument under test. The high air-kerma rate series is suitable for determining the overload

f the operating conditions for each of the four series are given in tables~3, 4, 5 and 6. Tabfe 7 shows an

rate series for

oratory” shall
the resolution,

ence radiation for these three series having mean ehergies lower than 30 keV, the mean engrgies shall be

adiation using
b the values of

pratory does not have a spectromeétry system, the high voltages and filtration characterstics listed in
4 and 5 shall be used and the- reference radiation produced shall be checked by the gimple method

Name of séries Resolution, Ry xmgi::::tl Typi:::::::-)—lk;)arma
% (approximate values) GY-h-1
Lo airkerma rate 18 to 22 1.0 3x[1043
Narrow-spectrurm 27-t0-37 S acmicay 46346 1023
Wide spectrum 48 to 57 0,67 t0 0,98 10210 1019
High air-kerma rate Not specified 0,64 to 0,86 10210 0,5

1) At a distance of 1 m from the X-ray focal spot, with the tube operating at 1 mA.
2) Under conditions of charged-particle equilibrium, the value of air kerma is approximately equal to the absorbed dose to air.

3) At mean energies of less than 30 keV, other values may apply.
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Table 3 — Characteristics of low air-kerma rate series

© SO

Additional filtration?2)

Mean energy,| Resolution, Tube 1st HVLY
E Rg potential® mm

keV % kV Pb Sn Cu Al mm
8,5 10 0,33 0,058 Al
17 21 20 2,03 0,42 Al
26 21 30 0,18 4,09 1,46 Al
30 21 35 0,25 2,20 Al
48 22 55 1,2 0,25 Cu
60 77 70 25 0,49 Cu
87 22 100 2,0 0,5 1,24 Cu
109 21 125 4,0 1,0 2,04 Cu
149 18 170 1.5 3,0 1,0 3,47 Cu
185 18 210 3,5 2,0 0,5 4,%4 Cu
211 18 240 55 2,0 0,5 5,26 Cu

1) The tube po
2) Except for t
additional filtrati
3) The recomn|
resolution is wit
4) The HVLs a

ential is measured under load.

e three lowest energies, where the recommended inherent filtration is T mm of beryiliu™, the total filtration consi$ts of the
bn plus the inherent filtration, adjusted to 4 mm of aluminium (see 4.2.3).

ended inherent filtration is 1 mm Be, but other values may be used provided tht the mean energy is within +5 9
hin + 15 % of the values given in the table.

e measured at 1 m from the focal spot. The second HVL is not included for this series, since it is not significantly|different

and the

from the first HYL.
Table 4 — Characteristics of narrow-spectrum series
Mean energy,| Resolution, Tube Additional filtration? 1st bnd
E Rg potential’ mm HVLA HvL4
keV % kV Pb Sn Cu Al mm nm
8 28 10 0,13 0,047 Al 0,052 Al
12 33 15 0,53 0,14 Al 0116 Al
16 34 20 1,03 0,32 Al 0137 Al
20 33 25 2,03 0,66 Al 073 Al
24 32 30 4,09 1,15 Al 1130 Al
33 30 40 0,21 0,084 Cu 0,091 Cu
48 36 60 0,6 0,24 Cu 0f26 Cu
65 32 80 2,0 0,58 Cu 0f62 Cu
83 28 100 5,0 1,11 Cu 117 Cu
100 27 120 1,0 5,0 1,71 Cu 1)77 Cu
118 37 50 275 2,36 CU Z,47 Cu
164 30 200 1,0 3.0 2,0 3,99 Cu 4,05 Cu
208 28 250 3.0 2,0 5,19 Cu 5,23 Cu
250 27 300 5,0 3.0 6,12 Cu 6,15 Cu
1) The tube potential is measured under load.
2) Except for the five lowest energies, where recommended inherent filtration is 1 mm Be, the total filtration consists of the additional
filtration plus the inherent filtration, adjusted to 4 mm of aluminium (see 4.2.3).
3) The recommended inherent filtration is 1 mm Be, but other values may be used provided that the mean energy is within +5 % and the
resolution is within £ 15 % of the values given in the table.
4) The HVLs are measured at 1 m from the focal spot.
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Table 5 — Characteristics of wide-spectrum series

ISO 4037-1:1996(E)

Mean energy, Resolution, Tube Additional filtration2 1st HVL 2nd HVL
E Rg potential’ Cud Cud
keV % kV i mm mm
Sn Cu
45 48 60 0,3 0,18 0,21
57 55 80 0,5 0,35 0,44
s o 16 2.0 096 1,11
104 56 150 1,0 1,86 2,10
137 57 200 2,0 3,08 3,31
173 56 250 4,0 4,22 4,40
208 57 300 6,5 b,20 5,34
1) The {ube potential is measured under load.
2) The {otal filtration consists, in each case, of the additional filtration plus inherent filtration, adjusted to 4 mm of aluminiurp (see 4.2.3).
3) The HVLs are measured at 1 m from the focal spot.

Table 6 — Characteristics of high air-kerma rate series

Tube potential® First HVL3
mm
kV Al Cu
10 0,04
20 0,11
30 0,35
60 2,4 0,077
100 0,29
200 1.7
250 2,5
2802 3,4
300 3,4
1) \THe constant potential is measured under load.
2)" This reference radiation has been introduced as an alternative to that generated at 300 kV, for use when 370 kV
+ b ttainad ndar ~anAitiane Af rrasvim i [aad
;; T\;\eul;JLsua ;eun:é;stjredl;l; m from the focal spo.t
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Table 7 — Approximate characteristics of high air-kerma rate series
Additional filtration" Half-value layer?
Tube Mean
ube mm mm photon
potential First S d —
irs econ energy, E
kv Al Cu Air Al Cu Al Cu keV
10 750 0,036 0,010 0,041 0,011 7,5
20 0,15 750 0,12 0,007 0,16 0,009 12,9
30 0,52 750 0,38 0,013 0,60 0,018 19,7
60 3,2 750 2,42 0,079 3,25 0,11 37.3
100 3,9 0,15 750 6,56 0,30 8,05 0,47 b7,4
200 1,15 2 250 14,7 1,70 15,5 2,40 142
250 1,6 2 250 16,6 2,47 17,3 3,29 142
280 3,0 2 250 18,6 3,37 19,0 3/99 146
300 2,5 2 250 18,7 3,40 19,2 415 147
NOTE — The Values listed in this table have been taken from Seelentag et a/.l5] tables B4 and B5 and the spectra shown in figurg 4 were
calculated using the conditions listed in the tables [3]. The length of air path employed, which has been-inclided in the additional ffiltration,
is significant fof the lower energy radiation. The actual spectral distributions obtained for a given X-ray~facility will depend significaftly upon
the target angleland roughness.
1) For tube pofentials above 100 kV, the total filtration consists, in each case, of the additional filtration plus the inherent filtration, |adjusted
to 4 mm of aluminium (see 4.2.3). For tube potentials at 100 kV and below, the examples~given above refer to an inherent filfration of
approximately 4 mm Be.
2) The HVLs afe measured at 1 m from the focal spot.
For the high gir-kerma rate series, the quality of the reference radiation is specified in terms of the Xfay tube
potential, and fthe first HVL. The method for producing the high-air-kerma rate series is described in 4.4.
4.2 Conditions and methods for producing reference radiation
4.2.1 Charagteristics of the X-ray units
X radiation shall be produced by an X-ray“\unit whose tube potential shall have a ripple of less than 10[%. It is
preferable to §ise an X-ray unit having a(ripple as low as possible. X-ray units are commercially available whjich have
aripple of <1|%. It should be possihléyto display the value of this tube potential to whithin + 1 %.
The target of the X-ray tube shélhbe made of tungsten, shall be of the “reflection” type and shall be orieftated at
an angle of nof less than 202 to the direction of the bombarding electrons.
During irradiat|on, the ndean value of the tube potential shall be stable to within + 1 %.
NOTE — The X-ray{tube should be operated in such a way that ageing effects are minimized, since these effects incfease the
inherent filtratiogndsee 4.2.3).

4.2.2 Tube

potential

The reference laboratory shall calibrate, at several points and under operating conditions, the equipment used to
indicate the tube potential. The best methods employ an appropriately calibrated resistor chain or involve the
measurement of the maximum photon energy by high resolution spectrometry. If the calibration is determined by
spectrometry, the tube potential shall be found from the intersection of the extrapolated linear high-energy part of
the spectrum with the energy axis. The conventionally true value of the tube potential shall be known to within

2 %.

For laboratories without these facilities, it is possible to set the tube potential to produce any of the radiation
described in tables 3, 4 and 5.
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This may be accomplished in one of the following ways.

a)

For radiation generated at potentials below 116 kV (i.e. below the K-absorption edge of uranium at 115,6 keV),
the voltage-measuring equipment or meter can be calibrated using techniques based on the excitation of the
characteristic radiation from a selected element.

Alternatively, and for tube potentials above 116 kV, using the method described in 4.3. The inherent filtration
shall be determined as described in 4.2.3 and the fixed filtration shall be adjusted to the required value with an
additional aluminium filter (the total being regarded as constituting the new fixed filtration). The tube potential
calibration shall be determined by achieving the reference HVL by the method specified in 4.3.

423

NOTE —

iitration

The total filtration is made up of the fixed filtration and the additional filtration. For radiation having

mean energies of 8,5 keV, 17 keV and 26 keV of the low air-kerma rate series and for radiation hayving'the f

energies

recomm

table

s3

4231

a)

the

alumninium filters which are added to obtain a total fixed filtratienngquivalent to that of 4 mm d

60

spg

the|

etc

cor

hnd 4).

For all other reference X radiation, the fixed filtration comprises:
inherent filtration of the tube, plus that due to the monitorSonization chamber, if appli

V. These aluminium filters shall be placed after the addjtional filtration (i.e. furthest from
t) in order to reduce fluorescence radiation from the additional filtration;

inherent filtration of the tube is due to the various.constituent elements (glass of the bul
) and is expressed, for a given voltage, as the thickness of an aluminium filter which, in the

filtration exceeds 3,5 mm of aluminium should.be not used;

the

inherent filtration shall be checked periodically in order to ensure that this limit is not reach

tubl ageing) and to proceed to the adjustment of the fixed filtration.

4232
purity, the first HVL of the beam preduced by the tube without additional filtration, at 60 kV, in the fo

Determination of the inherght\filtration shall be made by measuring, with aluminium absor

of 8keV, 12 keV, 16 keV, 20 keV and 24 keV of the narrow-spectrum series, the fixed" filtration
bnded inherent filtration of the tube of 1 mm Be. Other values of the tube filtration nmay\be used [s{

he three lowest
ive lowest mean
comprises the
e footnote 3) of

able, plus the
f aluminium at
the X-ray focal

D, oil, window,
absence of hte

stituent elements of the tube, would supply a‘fadiation having the same first HVL. A tube Wwhose inherent

ed (because of

bers of 99,9 %
lowing way.

a) Thé method of measurement of the HVL should be in accordance with ICRU Report 10b and refgrence [9].

b) If 4 monitor ionization chamber is used during the measurement of inherent filtration, it shpuld be placed
between the two/sets of beam collimators and be followed by the aluminium absorbers in such a manner that
it dpes not corréspond to radiation backscattered from the absorbers.

c) The first HVL shall be determined using an ionization chamber with a known response per unif air-kerma rate
over(the energy range of interest. Corrections shall be applied for any variation in detector [response with
changesmthe photorrspectranmas thethickmess of thegfurmmmumrabsorber Tsmereased:

d) The inherent filtration measurements shall be made in a manner such that negligible scattered radiation from
the aluminium absorbers reaches the detector, since such radiation would increase the measured HVL. For
radiation produced at potentials above 100 kV, extrapolation to infinitely small field size should be made.

e) The aluminium absorbers should be located equidistant from the X-ray tube focus and from the detector. The

diameter of the beam at the detector location shall be just sufficient to irradiate it completely and uniformly.
The distancae from the aluminium absorbers to the detector should be at least five times the diameter of the
beam at the detector.
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f)  The attenuation curve in aluminium shall be plotted, the first HVL shall be determined and a deduction made
from it of the value of the inherent filtration on the basis of table 8. The results shall be rounded to the nearest

0,1 mm.

Table 8 — Inherent filtration

In the case of
high-voltage v
compared with

NOTE — The
which depends

4233 Thea

a) for the lo
copper filt

b) for the hig

First HVL Inherent filtration
mm Al at 60 kV mm Al

0,33 0,25
0,38 0,3
054 04
0,67 0,5
0,82 0,6
1,02 0,8
1,15 1
1,54 1.5
1,83 2
2,11 2,5
2,35 3
2,56 3/5
2,75 4
2,94 4,5
3.08 5
3.35

3.56

NOTE — Results used were obtained from referénce [10].

iditional filtratiomcemprises:

h air-kerma rate series: aluminium.

filtered X radiation, the values detérmined on the basis of table 8 at 60 kV may be used f
hlues, since changes in the inherent filtration, expressed in millimetres of aluminium, a
the added filtration.

nherent filtration value, expressed in millimetres of aluminium, varies as a function of the energy in
ipon the constituent elemants of the inherent filtration.

v air-kerma\fate series, the narrow spectrum series and the wide spectrum series: lead,
brs as specified in tables 3, 4 and 5;

br other
e small

manner

tin and

Table 9 — Metal properties

Nominal density

Minimum purity: 99,9 %

Metal Quality
g/cm3
Aluminium Minimum purity: 99,9 % 2,70
Copper! Minimum purity: 99,9 % 8,94
Tin Minimum purity: 99,9 % 7.28
Lead Extra fine 11,3

1) SeeISO 197/1.

10
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c) For tube potentials < 100 kV or copper and aluminium (= 100 kV): as specified in table 7.

For each metal adopted, the filters used shall have a

hh ikl
as homogeneous as possible (without

the purities shown in table 9.

hickness which is specn‘led W|th an accuracy of £5 % and be

) and the metals should have

TLGIS Siivuaiv

The individual elements of the additionai fiitration shaii be arranged, from the focus, in decreasing order of atomic
number.

4.3 Alternative method of establishing reference radiation

This method enables a laboratory that does not have the capability to measure the value of thextdpe potential to
determine the adjustments that shall be made to the tube potential in order to produce a radiation which is as close
as possiple to the reference radiation. This method is not applicable to the high air-kerma seties, whig¢h is dealt with
in4.4.

4.3.1 (Criterion
If the fifst and second HVLs in a given material agree within £5 % for twio X-ray beams, then thepe two beams

shall be|considered to be essentially of the same quality. For tube potentials greater than 100 kV, the HVL shall be
obtained from the extrapolation to infinitely small field size (see 4.2.3:2):

4.3.2 Apparatus

The apparatus consists of the detector itself and the Measuring equipment, permitting a repeatabjlity of at least
0,3 %, ih accordance with ISO 3534-1.

The detgctor shall be an ionisation chamber whose variation in response per unit air kerma is small ahd known as a
function| of photon energy, over the energy-range in question.

The megsuring equipment and the methods of its use shall comply with the recommendations of IS 8963.

A monitpr chamber shall be used(inyorder to permit application of corrections for fluctuations in the air kerma rate.

4.3.3 Measurement procedure

For selg¢cted reference radiation corresponding to the conditions specified in tables 3, 4 and 5| the following
procedyre shall-be“carried out.

Plot the attehuation curve loge (Ig) = fld) where I is the value of the air-kerma rate which is transmjtted through a
filter harga-thtekness—-

From the attenuation curve, determine the first and second HVLs.

If values of these layers agree within £ 5 % with those listed in tables 3, 4 and 5, it shall be assumed that the
quality of the reference radiation complies with this part of ISO 4037. Note for the low air-kerma rate series only
the first HVLs need comply with the values given in table 3.

If this is nost the case, the voltage used shall be adjusted and the measurements repeated until the £ 5 % criterion
is met.
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4.4 Production of high air-kerma rate series

4.4.1 Fixed filtration

For tube potentials up to and including 60 kV, the total filtrations (inherent + additional) are less than the equivalent
of 4 mm of aluminium, so an X-ray tube with low inherent filtration is required to generate the lower energy

radiation. At potentials of 60 kV and above, the fixed filtration shall be adjusted to the equivalent of 4 mm of
!'\::” hea laraAd aftar tha

aluminium. The aluminium filter used to supplement the inherent filtration of the tube shall be placed after the

P
copper filter in order to reduce any fluorescent radiation arising from the copper. The thickness of aluminium

employed shal

| not be less than 0,5 mm.

4.4.2 Additional filtration

At a given potential—the thickness of the additional filtration shall be adiusted so that the measured-first HVL lies
within £ 10 %|of that specified, for radiation generated up to and including 30 kV and within £5 % for(thie higher
energy radiatign. The minimum purity of the additional filters and the absorbers used to determine theyHVL shall be
99,9 %, excedt in the case of aluminium used at and below 20 kV when the minimum shall be 99,99.%. Ekamples
of additional filtration for the high air-kerma rate series are given in table 7.

4.5 Field uniformity and scattered radiation

45.1 Field dlameter

The diameter pf the field shall be sufficient to completely and uniformly irradiate~the detector at the poinjt of test
closest to the| focus, usually not closer than 50 cm. The field may remain uichanged for all other expdrimental
points of test dr may be reduced to be just sufficient to irradiate the detectofuhiformly.

4.5.2 Field uniformity

The air-kerma|rate at each point of test shall not vary by more fhan 5 % over the entire sensitive volume of the
detector undef test.

45.3 Scattered radiation

Both the folloyving tests shall be carried out to cheekthat, at the experimental distances the contributiop due to
scattered radigtion is less than 5 % of the total-air*kerma rate. These tests shall be carried out with the|aid of a
secondary stapdard ionisation chamber of adequate sensitive whose variations in response per unit air kefma as a
function of pheton energy and direction are.small within the spectrum range considered.

453.1 Test

Measure the dir-kerma rates on thé-central axis of the beam at the various points of test. The air-kerma rates, after
corrections fof air attenuation and-for chamber size if applicable, shall be proportional within 5 % to thd inverse
square of the {ocus to detectér distance.

4532 Test

At each distance employed in test 1, measure the air kerma rate after displacing the chamber, in|a plane
perpendicular to-the axis of the beam, by a distance which is equal to twice the radius of the beam|plus its
penumbra. The¢ dirtkerma rates of the scattered radiation outside the direct beam shall be less than or equdl to 5 %

of the corresponding air-kerma rates on the central axis.

5 Fluorescence X radiation

5.1 Principle

The calibration of dosemeters and doserate meters by means of fluorescence radiation makes use of the K
fluorescence lines of certain materials having energies between 8,6 keV and 100 keV and which are given, as a first
approximation, by that of their K, line (see figure 5). The contribution of the Kg lines is made negligible with the aid
of secondary filters whose K-absorption edges lie between the K, and K lines (see table 10).
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5.2 Fluorescence X-ray installation

The installation comprises an X-ray unit and a fluorescence device made up of a radiator, filters, a primary dia-
phragm, a secondary diaphragm and a trap (see figure 6).

5.2.1 X-ray unit

The same X-ray unit as that described in 4.2.1 may be used. The high voltage shall be stabilized so that variations
do not exceed £ 5 % of the preset voltage.

In order to take account of possible fluctuations in the air-kerma rate, use shall be made of a monitor chamber
irradiated by the secondary radiation beam, the chamber being constructed or placed so that it does not increase
the secondary fitrationsighifieanthy-

5.2.2 Fluoresgence device (see figure 6)
5.2.2.1 Radiators

The radiators ghall be chosen from among those listed in table 10. The radiator materials*shall have a nlinimum
purity of 99,9 %. The radiators may be in the form of thin metal foils or in the forml.of a powdered cofnpound
(oxide, carbongte or sulfate) dispersed in a plastic binder which contains only materials-having atomic numbers low
compared withf those of the fluorescence elements (i.e. Zgt < 8). The radiator support should also be congtructed
from materials fhaving atomic numbers low compared with those of the radiator/element.

5.2.2.2 Filterg
A primary filter (or filters) shall be used to limit the low-energy_c@mponents of the primary beam that|do not
contribute to the production of fluorescence radiation. A filter (orfilters) shall be used in the secondary deam to

eliminate the L|lines and reduce the intensity of the Kg lines relative to the K, lines. Their characteristics afe given
in table 10.

5.2.2.3 Primafy diaphragm
A primary diaphragm, situated at the output of the-X-ray tube, shall limit the area of the exciting beam to thgt of the

radiator, in order to minimize any extraneoUs ‘scatter from the radiator supports and from the walls| of the
fluorescence device.

5.2.2.4 Secondary diaphragm

This diaphragm) limits the angle)of the beam of fluorescence radiation and thus reduces the magnitudd of the
radiation scattefred by the erfvironment?).

5.2.25 Trap

A trap shall bg placed in the path of the primary radiation to prevent any scattered radiation produced by the
primary radiation from contaminating the fluorescence radiation. It may consist of a room having large dimensions,
if possible, into which the primary beam is released.

5.2.2.6 X-ray shielding

The zone reserved for experiments shall be isolated with the aid of an X-ray screen or other protective device.

1) Here the environment is taken to consist of the walls, the supports and other accessories of the installation.
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5.3 Operating conditions
5.3.1 Geometry

The radiator shall be angled at 45° + 5° relative to the axis of the primary X-ray beam, and fluorescence radiation
whose direction forms an angle of 90° with that of the primary beam shall be used (see figure 6).

To provide sufficiently high air-kerma rates in the secondary beam, the tube should be brought as close as possible
to the radiator and the primary beam should irradiate the greatest possible area of the radiator.

The point of test should be at a distance from the radiator compatible with the air-kerma rate desired, and the
variation in the air-kerma rate of the secondary beam over the area of the detector employed shall not be greater
than 5 %—FebearmTTcrossssectiomatthepomtof-testshattatwaysbegreater-than—the—cross-sectional area of the
instrument being calibrated.

The conttribution of the radiation due to scattering of the primary and secondary beams from the enyironment shall
not exceed 5 % of the air-kerma rate due to the fluorescence radiation measured at the,point of test. The purity of
the radigtion shall be checked by spectrometry.

5.3.2 (haracteristics of reference radiation
Table 11 gives, as a guide, for an X-ray tube current of 10 mA and a distanée of 30 cm from the radigtor centre, the
percentpge of air kerma due to extraneous radiation (see note below) and the air-kerma ratgs which were
measurgd in an X-ray beam having the characteristics given in table 40:

The air-kerma rates may be reduced by varying the following parameters:

a) tubk current: reduction to approximately 1 mA (subject.to preserving the reference radiation chafacteristics);

b) areph of the fluorescence source: use of a smallerdiameter primary diaphragm, which must not pe les than the
foclus diameter;

c) radjator-detector distance: use of distances up to approximately 1 m. If distances > 1 m are|used it will be
negessary to recheck the spectral purity'of the reference radiation.

NOTE — Extraneous radiation includesseharacteristic emissions other than the K, radiation of the radiator ahd the scattered
radiatior] originating from the radiator (itself and its support, from the diaphragms and from the filters. It doe$ not include the
radiatior| scattered from the environmént, mentioned later.

Table 11 — Examples of air-kerma rates and extraneous radiation measured 30 cm fram the
radiator centre with a tube current of 10 mA

Enstgy obtained from contre of radiator extraneous radbation’!
keV mGy-h-! %
From 10 to 25 60 to 130 <10
From 25 to 98,4 26 to 60 <10

1) Defined in note to 5.3.2 and given by the formula:

Air kerma of extraneous radiation x 100

K, radiation air kerma + air kerma of extraneous radiation

15
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5.4 Measurement of scattered radiation

An appropriately calibrated ionization chamber, selected for the energy and air-kerma rate ranges in question, shall
be used to determine the contribution due to scattered radiation at the points of test.

The contribution due to scattered radiation shall be less than 5 % of the air-kerma rate due to the fluorescence
radiation.

The ionization
of the radiatio

u

chamber's variations i
nsh k
The values of the alr-kerma rate at the pount of test shall be measured Then the |on|zatlon chamber shall be
displaced in a ptare-pe e c A s —tepm plus
its penumbra. [f'wo dlametncally opposﬂe measurements shall be carrled out in thls plane. The results ofgither of

these measur¢ments shall not exceed 5 % of the air-kerma rate measured at the point of test. (B\this| limit is
exceeded, theleffectiveness of the X-ray shielding shall be checked. For this purpose, the residual airkerma rate at

the point of tept shall be measured with the secondary beam completely absorbed. The measured air-kefma rate
should be less|than 0,5 % of that due to the fluorescence radiation.

5.5 Guidang¢e on the use of the reference radiation
It should be npted that the extraneous radiation referred to in table 11 is specified in terms of the qudntity air
kerma. For guantities that refer to the measurement at a depth in a matérial, where the attenuatior] of the
fluorescent X-fay lines may be significant the spectral distribution of Copapton scattered impurities may| have a
dominant influgnce upon the device being calibrated. As a consequence of such spectral impurities, it is exftremely
difficult to quaptify the dose and effective mean energy of penetrating quantities and necessitates precise spectral
information of the radiation beams, weighted in terms of the appropriate dosimetric quantity. Also, for comparative
purposes, megsurements performed using different tube potentials would produce ambiguous results. Tlerefore
the radiation glalities numbered 1 and 11 in table 10 shall note used for determining an instrument's r¢sponse
with respect tq a dosimetric quantity at a depth of 1 cm. For.the same reason, caution should be exercised|in using
other low-enerpy fluorescence radiation.

6 Gamma radiation emitted by radionuclides

6.1 Radionyclides used for the production of gamma radiation

Calibrations of{dosemeters and rate‘dosemeters by means of gamma radiation emitted by radionuclides shall be
carried out with radiation from thevradionuclides listed in table 12.

Table 12 — Radionuclide properties

Radiorluclidé Radiation energy Half-life Alz-tl’(:;zztrgte
keV days UGy hT-m2MBq"
60Co 1173,3 1925,5 0,31
13325
137Cs 661,6 11 0501131 0,079
24 Am 59,54 157 788 0,003 1

1) The air-kerma rate constant (see ICRU Report 33114) is valid only in the case of an unshielded point source. It is therefore given only as
a guide and not as a means of determining the air-kerma rates.
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6.2 Specification of radiation sources

6.2.1 Sources

Since the source should be as small as possible, it is essential that use be made of a radioactive substance having
sufficient activity per unit mass. The air-kerma rate due to the principal radioactive impurity shall be less than 1 %
of the air-kerma rate due to the radiation of the isotope to be utilized.

Table 13 gives examples of specific activities and recommended chemical forms of the specified radioactive
nuclides.

Table 13 — Specific activity and recommended chemical form of radioactive nuclides

Radioactive nuclide Specific activity Recommended chemical form
Bag-kg!
60Co 3,7x 1015 Metal
137Cs 8,61 x 1014 Chloride
24Am 1,11 x 10 Oxide

NOTE -} 89Co is particularly suitable for providing sources having high activity per unit mass.
Since ngwly made sources of '3’Cs may contain a significant amount of 134Cs, decay corrections should allow for the diff¢rent half-lives of
these tWo caesium isotopes. The use of aged '37Cs sources is therefore recommended, b0t specifications of the impuritips shall be given
by the Jource manufacturer.

6.2.2 Encapsulation
The endapsulation of the sources shall comply with the requirements of ISO 1677.

The cagsules shall be sufficiently thick to absorb the.beta radiation from the sources, i.e. they shall have an areic
mass of 0,2 g/cm? in the case of 80Co and 0,5 g/cm?'for 137Cs. For 24TAm it should have an areic npass of at least
0,32 g/¢m? of stainless steel to attenuate the 26°keV gamma radiation and the characteristic L radiatfon to less than
1,0 % df the 59,5 keV gamma radiation.

6.3 Irfadiation facility and influence of scattered radiation

The se¢ondary standard ionization ¢hamber used for all measurements shall be of adequate sensitivity.

Its varidtion in response percunit air kerma as a function of the energy and direction of radiation shoyld be small and
known ffor the energy rarige"in question.

The airtkerma rate_dUe to radiation scattered by the environment shall not exceed 5 % of thaj due to direct
radiatioh.

This cah be.obtained either:

— withuwhcollimated geometry, using a room with sufficiently large dimensions (see 6.3.1), or

— with collimated geometry, an example of which is given in 6.3.2.

6.3.1 Uncollimated geometry installation

The source should be used in a shielded room having minimum internal dimensions of 4 m x4 m x 3 m high.

The source and detector (ionization chamber) should be used on supports that are constructed from the minimum
amount of low-atomic number materials such as polymethylmethacrylate or aluminium. They should be positioned
at half the height of the room. Only source-to-point-of-test distances for which the departures from the inverse
square law do not exceed 5 %, after correction has been made for air attenuation, should be used.

NOTE — This will be the case for distances from about 30 cm to 130 cm.
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6.3.2 Collimated geometry installation

The principal characteristics and a schematic diagram of an example of an acceptable collimator device, particularly
applicable in the case of 80Co and 37Cs?) are shown in figure 7.

The safety enclosure shall be made of lead of sufficient thickness to reduce the fluence of the extraneous beam
passing through the enclosure to one-thousandth of the useful beam. For 60Co, this thickness is 12,5 cm and for
137Cs, it is 6,5 cm. These values may have to be increased in order to limit radiation exposure of users to
acceptable levels.

A collimator shall be employed to define the shape and size for the photon beam. The collimated installation shown
in figure 7 has a collimator that is conical in shape with the source at the apex. It is made up of a succession of at

least six apertwes_having a total thickness of about 90 mm and separated-from sach-other by 20-rmrm-rterstices
which serve a$ traps for the photons scattered by the edges of the preceding aperture. The final apeftule has a
thickness of 3fmm and a diameter which is slightly greater than the cross-section of the beam a thatpoin}. These
apertures are made of tungsten alloy. An example for the composition of such an alloy is given in table 14.
NOTE — In an|improved method of operation, the collimator is extended by an output tube. The tube‘collimator agsembly,
which is closed pt its ends by thin windows made of ethylene glycol polyterephthalate, forms an endlosdre in which a vacuum
can be created, thereby reducing air scatter whithin this assembly.
Table 14 — Example of composition of aperture alloy used in the céllimator of figure 7
Element Content
%
Tungsten 89
Nickel 7
Copper
The beam crogs-section shall be larger than that of the'detectors to be irradiated. The distance d; (see {igure 7)

shall be greate
air-kerma rate
6.4.

6.3.3 Variatia

Instead of usi
attenuators fo
diaphragm. A {
76 mm, 114 m
respectively. T
geometrical pa
determined by

Df photons backscattered by the walls of the room to be compatible with the requirements

n of air-kerma rate by means of lead attenuators

ng sources with different activities, the air-kerma rate may also be varied by means
collimated bearms of 3/Cs and 80Co. The attenuators shall be placed in close vicinity
equence of lead/attenuators with thicknesses of about 20 mm, 40 mm, 60 mm, etc. and
m etc. leadsto a reduction in air-kerma rate by successive orders of magnitude for Cs
he abovg figures serve merely as a guideline. The exact extent of the attenuation depe
fameters-such as field size. Therefore the value of the air-kerma rate at the point of test
dosimeétric measurements.

r than or equal to 30 cm. The distance\d, shall be sufficiently great for the contribution to the total

given in

of lead
to the
B8 mm,
hnd Co,
nds on
shall be

The range of a

tenuation may cover six orders of magnitude or more. Despite an increased fraction of photons

which have undergone a scattering event with increasing attenuator thickness, the spectral purity of the radiation is
maintained as the fluence spectra of all photons become progressively narrower, i.e. the mean energy approaches
more and more that of the emission line(s)!15. 161,

In order to eliminate the influence of a possibly distorted electronic equilibrium at the point of test the distance
between the lead attenuator and point of test should be at least 100 cm. Alternatively, the lead attenuator may be
covered by a layer of graphite of at least 0,5 cm thickness.

2) This kind of installation produces at most 5 % scattered photons for 137Cs and less for 60Co.
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6.4 Checking installation conformity

The following test shall be carried out in order to check that, at the various experimental distances, the contribution
due to scattered radiation extraneous to that from the source capsule does not exceed 5 % of the total air-kerma
rate.

The air-kerma rates shall be measured on the axis of the beam at the various points of test. After correcting for air

attenuation, the air-kerma rates shall be proportional within 5 % to the inverse square of the distance from the
source centre to the detector centre.

7 Photon radiation with energy between 4 MeV and 9 MeV

7.1 General

Refererjce radiation in the energy range between 4 MeV and 9 MeV is provided because ‘of the|6 MeV photon
fields pfoduced by many nuclear power stations and other nuclear reactor systems, as-well as by other high-energy
photon |sources. Further energies are not specified, since the variation in response(of“most dosemeters and rate
dosemgters with photon energy shows no discontinuity over this energy range.

7.2 Production of reference radiation

Photon|reference radiation shall be produced by one of the following reaetions:

a) dedexcitation of 160 in the 19F (p, ary) 160 reaction, (see 7.2.1){17418, 19, 20},

b) dejexcitation of 12C (see 7.2.2) [20];

c) thdrmal neutron-capture gamma radiation (see 7.2.3)123;

d) degay of 16N (see 7.2.4)[24. 25,

Examples of photon fluence spectra for these reference radiations are shown in figures 10, 11, 12 apd 13.

7.2.1 Photon reference radiation from(de-excitation of 160 in the 19F(p, oy)160 reaction

This reference radiation shall be praduced using a particle accelerator to bombard a fluorine targe}t (usually CaFy)
with prptons using the 19F(p, oy)}©/reaction.

The engrgy levels and the relative emission probabilities resulting from this reaction for 340,5 keV protons incident
on a th|n target are shownir figure 8. At this proton energy, the probability for the decay of the excited 160 state
by emisgsion of 6,13 MgV, ‘photons is 97 %, 2,5 % for the 7,717 MeV level and 0,5 % for the 6,917 NleV level, while
the 6,0 MeV photo’emission is negligible. The deviation from isotropic emission of these photgns is less than
3,5 %. |At the highgr proton energies the relative contribution of the 6,13 MeV photons decreases |n favour of the
higher pnergy.phetons, and there is an increase in the contribution by contaminant reactions, for ¢xample (p, p’y)
and paif produetion.

Relativephoton emission rate (vield) as a function of proton energy is illustrated in figure 9_As target thickness

(and thus proton energy loss in the target) is increased, the yield increases and the photon spectrum changes, as
the protons undergoing interactions with the fluorine have decreasing energies with increasing depth. The energy
of the photons emitted is high enough for their attenuation in the target to be considered negligible.

Depending on the required vyield, the proton energy chosen for the production of the reference radiation shall be
either one of the resonance energies (340,5 keV or 872,1 keV) or a convenient energy between 2 MeV and 3 MeV.
If a high yield is required and a contamination contribution to the air kerma of approximately 4 % can be tolerated,
protons, of energy close to 2,7 MeV, incident on a target of approximately 6 mg-cm2 in thickness, should be used
(see also 7.4.3). For the purest possible reference radiation, 340,5 keV protons should be used, provided that the
lower air-kerma rates are acceptable. For the 340,5 keV proton resonance, calibration shall be carried out both on-
resonance and off-resonance by —10 keV in order to allow for the effect of any low-energy and non-resonant
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radiation originating from the accelerator. The difference between the on-resonance and the off-resonance
calibrations shall be taken as due only to the 6,13 MeV photon radiation and to associated knock-on electrons

Typical yields and air-kerma rates are given in table 15 for four different incident proton energies, for a proton

current of 1 uA and a target thickness of approximately 6 mg-cm2.

Table 15 — Typical photon yields and air-kerma rates for specified proton energies and‘1|iA proton ¢urrent

Proton energy Photon yield Typical-air-kerma rate at 1(m
from target
MeV s HGy-h-T
0,340 5 (resonance) 109 0,05
0,872 1 (resonance) 106 0,5
2,05 6 x 107 s 30
2,7 - 2 x 108 100

7.2.2 Photon|reference radiation from de-excitation of 12C
This reference|radiation shall be produced by usifigya particle accelerator to bombard a carbon target with protons,

resulting in thI population of the lowest excited level of 12C at 4,44 MeV followed by a de-excitation uging the
12C(p,p'y)12C rgaction:

The target shall consist of a layer of-high-purity carbon. If natural carbon is used, two further reactions will djompete
with the 12C(p,p’y)12C reaction:

a)  13C(p,p"y)'BC, resulting(in 3,09 MeV photon radiation;

b)  13C(p,n)13N, résulting in 0,511 MeV annihilation photons, stemming from the positron decay of 3N wiich has
a half-life ¢f*9)96 min. A steady state between production and decay of 3N is reached about 20 min dfter the
reaction is started (i.e. after the proton beam is switched on). During this period the reference radiation shall
not be used.

The ratios of the yields of the 4,44 MeV and 3,09 MeV lines and of the 4,44 MeV and 0,511 MeV lines are
independent of proton energy.

At a proton current of 1 pA, a proton energy of 5,5 MeV at a distance of 1 m from the target, the photon fluence
rates are about 160 cm2-s1, 12 cm?2.s1 and 1800 cm?2-s1, and the corresponding air-kerma rates are about
1,4 uGy-h1, 0,046 pGy-h! and 85 uGy-h-! for the lines at 0,511 MeV, 3,09 MeV and 4,44 MeV respectively. A
typical photon fluence spectra is shown in figure 1118l
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7.2.3 Reference radiations produced by thermal neutron-capture gamma reactions in titanium or nickel

These beams shall be produced by the (n,y)-capture reaction in a titanium or nickel target using a reactor as the
neutron source. An example of an irradiation facility is shown in figure 141211, Multiline spectra are produced with
both the target materials. Examples of photon yields of the main spectral components, i.e. above 3 photons per
100 neutron captures are given in table 161221,

For use of the resulting radiation as reference radiation between 4 MeV and 9 MeV, its low energy components
shall be reduced or eliminated by appropriate added filtration. The individual contribution of the various spectral
lines to total air kerma depends on the amount of added filtration. With suitable filtration, the effective energy of
the reference radiation may be increased, for instance with a 30 cm thick aluminium filter from 4,5 MeV to 6,4 MeV
for a titanprtargetand-from7Z Mel to- 81 Mel for arickeltarget2il

getTartc i TorTT 7 tvicv

Typical photon fluence spectra obtained by deconvolution of pulse height distributions from a bismdth germanate
(BGO) dgtector are shown in figure 12 for a titanium target and in figure 13 for a nickel target. The ¢orresponding
fluence Weighted mean energies are 5,14 MeV and 6,26 MeV respectively(21]. In bothcases the tofal filtration is
about 75|g-cm2.

Example$ of air-kerma rates and reference energies obtained with targets of nickel and titanium undef the specified
experimgntal conditions are given in table 17[21].

7.2.4 Photon reference radiation from decay of 16N

These bgams shall be produced by activation of water in axteactor core by fast neutrons using the|'€0(n, p) 16N
reaction.

The subgequent beta-decay of 16N (see also 7.2) with a half-life of 7,1 s leads to the excited states pf 180, in this
case yielding 6,13 MeV and 7,12 MeV photons, with relative emission probabilities of 68 % and 5 9% respectively,
and 10,4|MeV beta-radiation. Photon energies.and relative emission probabilities are shown in figure 8

In a pragtical set-up, water is pumped: continuously through the reactor core in a closed loop at|a flowrate of
30 I-s71. This loop is brought out thraugh the biological shield of the reactor and acts as the radiation qourcel?4l. The
photon gmission rate per megawatt of thermal power and per kilogram of water is of the order of 1x 108 s and
the assofiated air-kerma rate i approximately 50 mGy-h-1 at 1 m.

7.3 Beam diameter-and uniformity of radiation field

The requirementssshall be identical to those specified in 4.5, except that the term “tube focus” shall e replaced by
“target”| If the area of the field is not sufficient to irradiate the dosemeter or phantom completely and uniformly,
they sholuld-be scanned across the beam. This technique is not always applicable to air-kerma rate indtruments.

7.4 Contamination of photon reference radiation
7.4.1 General
Contamination of the reference radiation by neutrons, electrons and by photons of energy other than the reference

energy shall be assessed, and its influence on the readings of the dosemeters and rate dosemeters being
calibrated shall be determined.
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Table 16 — Principal photon yields of titanium and nickel per 100 neutron captures

© SO

Titanium Nickel
Photon energy Number of photons Photon energy Number of photons?

keV keV

342 26,3 283 3.3
1381 69,1 465 13
1498 41 878 3.9
1586 8,9 6 837 10,8
1 P62 5.6 7537 T5
4 B82 5,2 7819 8,2
4 P69 3,6 8121 3.1
6B18 30,1 8 533 17
6 p57 4,7 8 999 37,7
6 /61 24,2

1) Above 3 phptons per 100 neutron captures.

Table 17 — Capture gamma radiation — Examples of targets, air-kerma rates and
reference energies obtained (26!

Material

Target Reference energy | Air-kerm
Mass

kg

Dimensions
mm

Purity
%

MeV Gy:h

h rate?)

-1

Titanium

550 x 100 x 15 3.7 98 6,0£0,5 0.9

Nickel

550 x 100 x 10

4.9 98 85+0,5 1,2

1) Air-kerma r.
they were obt
produce differe|

hte at a distance of 5 m for a thermalineutron fluence rate of 1,5 x 10'3 cm2-s7. These values are given only ag
ined using beam filtration comprising 102 g.cm of polyethylene pius 14 g-cm of aluminium. Different filtra
ht air-kerma rates.

a guide;
ions will

Both the ph
measurement
most doseme
range from 4
beam energy
reactions in tf
described in T

oton reference~fadiation and the associated photon contamination may be assess
s of the pulsgzheight distributions (see figures 10, 11, 12 and 13). Since the variation in res
ters and rate~dosemeters with photon energy is small and shows no discontinuities over th
MeV to S'MeV, contamination by photon energies differing by up to around 1 MeV from the r
May hetolerated. In instruments containing berylllium, tin or lead, the effects caused by phof
ese\materials will be negligible. Methods of reducing the contamination of the reference H

bd  from
bonse of
B energy
bference
onuclear
eam are

pterences [17], (18], [21], [24] and [25]. The most prevalent forms of caontamination of the r

bference

radiation produced by the methods specified are given in 7.4.2 to 7.4.4.

7.4.2 Contamination of reference radiation common to all methods of production of reference radiation

7.4.2.1 Photons with energies of 0,511 MeV are produced by positron annihilation after pair production events in

the target cha

mber and in the walls of the calibration room and in filter materials, if used.

7.4.2.2 Beta particles created in the target as a consequence of a nuclear reaction, or secondary electrons created
by photons at or near the target and in the intervening air space, cause considerable contamination of the reference
radiation. Further contamination can arise from associated bremsstrahlung.
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7.4.2.3 Scattering of photons of the reference radiation in the target and the material in its vicinity produces lower-
energy photons contributing at least 1 % to the air-kerma rate.

7.4.3 Additional contamination of accelerator produced reference radiation from de-excitation of 160 (see
7.2.1)

In addition to the forms of contamination listed in 7.4.2, which can be reduced by decreasing the target chamber
mass, discrete gamma radiations from nuclear reactions are induced in the target by the proton beam. At proton
energies between 2 MeV and 3 MeV, photons with energies between about 0,1 MeV and 1,5 MeV are produced by
the ['9F(p, p"y)19F] reaction, with yields increasing with proton energy. At a proton energy of 2,7 MeV, this reaction
contributes about 4 % of the air-kerma rate from the 6 MeV to 7 MeV reference radiation. The use of a filter

construc
contamin

7.4.4 Additional contamination of reference radiation produced by reactor neutrons

7.4.4.1
titanium|

In additid
energy f
reduce t
referenc
reduced

b
exceed 1T0 % of the total air-kerma rate.

In the ex
due to s
titanium

There alg
determin|

7.4.4.2
In additi

emitted
arising fr

<l £ | IR Y . . lo e W | | <l oo - P 1 - " bl I
cUu UT a ThygiT aturmieTTiarmiueT 1TiatTridt, T©.Y. TTal, arfUuriu 1T tarygct tU THITHTNdiEe e 10Vt

ation increases contamination by secondary electrons and annihilation radiation.

Contamination of reference radiation produced by thermal neutron-capture gamma reg
or nickel (see 7.2.3)

n to the forms of contamination listed in 7.4.2, the reference beams contain discrete rag
hotons (see table 16) and photons produced by Compton scatteting, especially in the fil
ne low-energy photon contamination. The discrete radiation of\photons of energies below
radiation produced by titanium and below 6,8 MeV in the reference radiation produced by
y means of added filtration, such that the kerma ratefrom photons below these ener

amples given in reference [23], using additional filtration of 30 cm aluminium reduces the
Lch photon contamination, so that the effectivé*mean energy increases from 4,5 MeV td
hnd from 7,0 MeV to 8,1 MeV for the nickel targét reference beam.

0 is contamination of the reference radiation by neutrons produced by photodisintegration
ed from measurements made with a mgutron detector (e.g. a neutron dose equivalent ratemd
Contamination of reference radiation produced by decay of 16N (see 7.2.3)
n to the forms of contamination listed in 7.4.2, this reference radiation contains low-en

by the various activation products from the contaminants in the cooling medium, the mai
bm 24Na with energies at 2,754 MeV and 1,369 MeV.

\ergy photon
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a) 10 kV to 70 kV

(10 kV spectrum is a practical unfolded spectrum, the remainder are theoretical)
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Figure 1 — Low air-kerma rate series spectra
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Figure 2 — Narrow-spectrum series
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Figure 4 — High air-kerma rate series spectra
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Figure 6 — Schematic diagram of a K-fluorescence X-ray installation
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Figure 7 — Example of a collimated installation
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Figure 8 +— Energy levels and emission probabilities of photon radiation from the decay of 16N (left) and
frobm the de-excitation of 160 for an incident proton energy of 340,5 keV on 19F (right)[22]

34


https://standardsiso.com/api/?name=ad9bae4d0d324f16256aa8d5809434c2

