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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 15390 was prepared by Technical Committee ISO/TC 20, Aircraft and space vehicles, Subcommittee
SC 14, Space systems and operations.
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INTERNATIONAL STANDARD ISO 15390:2004(E)

Space environment (natural and artificial) — Galactic cosmic
ray model

1 Scope

This International Standard specifies a model for estimating the radiation impact of galactic cosmic rays
(GCR) on hardware and on biological and other objects when in space. The International Standard can also
be used in scientific research to generalize the available experimental evidence for GCR fluxes. This
International Standard establishes the model parameters and characteristics of variations in the 101 MeV to
105 MeV GCR particles (electrons, protons, and Z = 2 to 92 nuclei in the near-Earth space beyond the Earth's
magnetosphere).

2 Terms and definitions

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

21
galactic cosmic rays
GCR
high-energy charged particle fluxes penetrating the heliosphere from local interstellar space
2.2
Wolf number
w
W =10g+f
where

g is sunspot group number;
f is the total sunspot number on the sun's visible disk

23

rigidity spectrum

O(R)

rigidity distribution of cosmic ray particle fluxes
24

energy spectrum

F(E)

energy distribution of cosmic ray particle fluxes

3 Principles of the model

3.1 The model describes the variations of GCR fluxes due to variations in solar activity and in the large-
scale heliospheric magnetic field (the sun's polar magnetic field) throughout 22-year cycles.
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3.2 The angular distribution of galactic cosmic ray fluxes in the Earth's orbit beyond the Earth's
magnetosphere is to be isotropic.

3.3 Solar activity is characterized by 12-month averages of Wolf numbers (sunspot numbers) w.

3.4 The variations of the large-scale heliospheric magnetic field are assumed to be proportional to the
variations of the Sun's polar magnetic field whose intensity and polarity are taken to be dependent on solar
activity and on whether a given solar cycle is even or odd:

2,7

(1)

where

S=1at t—t,f >0 (otherwise, S =-1);

t,f is the sign reversal moment of the polar magnetic field in the nth solar cycle identified with

solar maximum (values suggested for particle flux prediction: t1i9 =1958,21; t%o =1968,87,;
131 =1979,96; 13, =1989,46; 135 =2000,71 and 134 =2 011,3);

anax is the highest level of solar activity in the nth solar cycle;

ani” is the least solar activity level that borders the nth solar cycle.

3.5 The dynamics of the large-scale GCR modulation is characterized by the effective modulation potential
of the heliosphere, R (t,R), (for particles of rigidity R at a given moment r) calculated as

Ry {W[t - At(n,R,t)J} =0,37 +3x10 4 x4 [t—At(nR1)] 2)

3.6 The lag, At(n,R,t), of GCR flux variations relative to solar activity variations is taken to depend on
magnetic rigidity, R, of particles, on whether a solar cycle is odd or even (z), and on solar cycle phase:

At(nRt)=05x[T, +T_(R)|+0,5x [T, —T_(R)]xz () (3)
where the lag amplitude is independent of particle rigidity in even cycles (T,):

T, = 15 months (4)
and in odd cycles (T_) is

T (R)=7,5 x R-945 months (5)

The time function of the lag variations from Equation (3) to be

0,2

W(t—&,t)-wmn

T(W) = (—1)" X

max
Wn

where ¢t = 16 months.
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4 GCRrrigidity and energy spectra

4.1 General

In terms of the GCR model, the particle flux rigidity and energy spectra are calculated consecutively.

4.2 GCR particle rigidity spectra

421 GCR particle rigidity spectra @R, ¢) (s-m2.sr-GeV)~1 for particles of rigidity R at moment ¢ are
calculated using the following equation:

C.x g% R Ai(R.1)
2i(R1) == X{R-ﬁ-RO(R,t):l (7)

where

A(R,t) is adimensionless parameter calculated using the following equation:

) i ()] x B xR _ B xR
Ai(R’t)_5,5+1,13|Z[|M|:W(t)’ ] Ry (R,t) eXpl: Ro (R,t):| ®

where g is the particle velocity-to-luminal velocity ratio:

8= R (9)

2
R2 +[AimiJ
1Zi|

where 4; and Z; are particle mass number and particle Z; charge respectively (see Tables 1 and 2);

m; is particle rest mass, namely,
m,=5,1x 104 GeV for electrons,
m, = 0,938 GeV for protons,

my -, o = 0,939 GeV/nucleon for nuclei.

C,, o, y; are parameters of non-modulated rigidity spectrum of i-specie particles. For particles with
Z < 28 see Table 1. For particles with Z > 29, o;= apg and y, = o6, C;, is calculated from
equation

C.
Ci=C26C—2'6

where i data is found in Table 2;
Cog
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4.2.2 The standard deviation values, [og,z, 1], are calculated using the following equation:

T ay(r 1) = Pi(R1)x [acc,}{ 0,08 .

) 2
o R
RO(R,t):l

4.3 GCR energy spectra

4.3.1 The energy spectra F,(E,f) (ss-m2-sr-GeV)~! of GCR particles of energy E at moment ¢ are calculated
using the following equation:

) -3
Fi(E,z)=<1>,-(R,t)|;1—‘_|% (11)

For particles with 4, = 1, the units are (s:-m2-sr-MeV)~1.
For particles with 4; > 2, the units are (s:-m?-sr-MeV/nucleon)".

4.3.2 With prescribed rigidity R of GCR particles, the kinetic energy E, in GeV (GeV/nucleon for nuclei), is
calculated using the following equation:

2
E=—-m, + /m[2+(ﬁRJ (12)
4;

4.3.3 With prescribed kinetic energy of particles, the rigidity R and the relative velocity g of the particles are
calculated using the following equation:

R:|IZ4—‘:|JE(E+2m,-) (13)
E(E + 2m;
5 NE(E+2m;) (14)

E+mi

4.3.4 Standard deviation values [or £, »] are calculated using the following equation:

Op,(Rt
LX)

(80 =g (r ) < i) (15)
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Table 1 — Parameters of GCR rigidity spectra for particles Z < 28

VA Particle 4 Citog, % a;
-1 e 1,0 170 A —
1 H 1,0 (1,85 +0,13) 104 2,74 0,02 2,85 0,02
2 He 4,0 (3,69 £0,22) 108 2,77 £ 0,02 3,12+ 0,02
3 Li 6.9 1956+1,5 2,82 £0,02 3,41 +£0,11
4 Be 9,0 17,7+1,3 3,05 +0,02 4,30 +£0,12
5 B 10,8 49,2+1,6 2,96 £ 0,01 3,93+0,05
6 C 12,0 103,0£ 3,0 2,76 £ 0,01 3,18 £ 0,04
7 N 14,0 36,7+1,2 2,89£0,01 3,77 £ 0,05
8 o 16,0 87,4+21 2,70£0,01 3,11 £ 0,04
9 F 19,0 3,19+0,28 2,82 0,03 4,05 £ 0,06
10 Ne 20,2 16,4 £ 0,70 2,76 £ 0,01 3,11 £ 0,07
11 Na 23,0 4,43 +0,28 2,84 £0,02 3,14 £ 0,09
12 Mg 243 19,3+£0,70 2,70£0,01 3,656 +£0,27
13 Al 27,0 4,17 + 0,22 2,77 £0.02 3,46 £ 0,21
14 Si 28,1 13,4+ 0,50 2,66 £ 0,01 3,00£0,10
15 P 31,0 1,15+ 0,04 2,89+ 0,01 4,04 £ 0,41
16 S 32,1 3,06 £0,12 2,71 £0,02 3,30 £ 0,22
17 Cl 35,4 1,30 £ 0,08 3,00 £ 0,04 4,40 + 0,30
18 Ar 39,9 2,33+0,07 2,93 +0,01 4,33 +£0,21
19 K 39,1 1,87 £ 0,05 3,05 +0,01 4,49 +0,20
20 Ca 40,1 2,17 £ 0,06 2,77 £0,01 2,93+0,16
21 Sc 44,9 0,74 £ 0,02 2,97 £ 0,01 3,78 0,19
22 Ti 47,9 2,63+0,08 2,99 +£0,01 3,79+0,17
23 \ 50,9 1,23 £ 0,04 2,94 £0,01 3,50+£0,14
24 Cr 52,0 2,12+ 0,06 2,89£0,01 3,28 £0,17
25 Mn 54,9 1,14 £ 0,05 2,74 £0,02 3,29 £ 0,27
26 Fe 55,8 9,32+0,24 2,63 0,01 3,01 £0,07
27 Co 58,9 0,10 + 0,08 2,63 4,25+0,79
28 Ni 58.7 0,49 + 0,02 2,63 0,01 3,52 +£0,28

NOTE 1 In the case of Z> 2 nuclei, the C, y, o, values are for a mixture of the respective isotopes.

NOTE 2 Atomic masses corresponding to the natural elemental abundances are taken to be mass numbers 4, for Z> 2

nuclei in conformity with the periodic system chart. This is within the model accuracy.

@ In the case of electrons, the parameter y, = 3,0 —1,4 exp [Ri;j , Where Ry =1 GeV.
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Table 2 — Parameters and GCR rigidity spectra for particles Z > 29

z Particle A; C,/Cyg Z Particle A; C,/Cyg
29 Cu 63,5 6,8 x 1074 61 Pm 144,2 1,9 x 107
30 Zn 65,4 8,8 x 1074 62 Sm 145,0 1,8 x 106
31 Ga 69,7 6,5x 1075 63 Eu 150,4 3,1x1077
32 Ge 72,6 1,4 x 107 64 Gd 152,0 1,4 x 1076
33 As 74,9 8,9 x 108 65 Tb 157,3 3,5x 107
34 Se 79,0 5,2 x 1075 66 Dy 158,9 1,4 x 1078
35 Br 79,9 9,7 x 1078 67 Ho 162,5 5,3 x 1077
36 Kr 83,8 2,7x 1075 68 Er 164,9 8,8 x 107
37 Rb 85,5 8,8 x 1079 69 Tu 167,3 1,8 x 107
38 Sr 87,6 2,9x107° 70 Yb 168,9 8,9 x 1077
39 Y 88,9 6,5x 1079 71 Lu 173,0 1,3x 1077
40 Zr 91,2 1,6 x 1075 72 Hf 175,0 8,1 x 1077
41 Nb 92,9 2,9x10°6 73 Ta 178,5 7,3x10°8
42 Mo 95,9 8,1 x 1078 74 w 180,9 8,1 x 1077
43 Tc 97,0 9,5x 1077 75 Re 183,9 2,8x 107
44 Ru 101,0 3,1%x10°® 76 Os 186,2 1,2x 106
45 Rh 102,9 1,6 x 1078 77 Ir 190,2 7,9 x 1077
46 Pd 106,4 4,6 %100 78 Pt 192,2 1,56 x 1076
47 Ag 107,9 1,5 x 1078 79 Au 195,1 2,8 x 1077
48 Cd 112,4 4,0x 108 80 Hg 197,0 4,9 x 1077
49 In 114,8 8,8 x 1077 81 Tl 200,6 1,5 x 107
50 Sn 118,7 4,7 x 108 82 Pb 204,4 1,4 x 1076
51 Sb 121,8 9,9 x 107 83 Bi 207,2 7,3x 108
52 Te 127,6 5,7 x 1078 84 Po 209,0 0

53 J 126,9 1,1 x 1078 85 At 210,0 0

54 Xe 131,3 2,7x10°8 86 Rn 222,0 0

55 Cs 132,9 6,5x 107 87 Fr 223,0 0

56 Ba 137,3 6,7 x 1076 88 Ra 226,0 0

57 La 138,9 6,0 x 107 89 Ac 227,0 0

58 Ce 140,1 1,8 x 106 90 Th 232,0 8,1x10°8
59 Pr 140,9 4,3 %107 91 Pa 231,0 0

60 Nd 144,2 1,6 x 106 92 u 238,0 49x10°8
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