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This report presents a projected inner zone electron model environ-
ment, AE 6, for the epoch 1980, It is intended to provide estimates of
mission fluxes that spacecraft will eucounter in the coming solar maxi-
mum years,

In the previous solar maximum model, AE 5, for the epoch 1967, the
inner zone electron fluxes contained a substantial contribution from the
Starfish event of July 1662, These artificial electron fluxes contine
uously decayed and then became insignificant in the environment aftor
1970,% Therefore, the necessity arises to construct the inner zone model
which gives the solar maximum projection of the radiation environment
after the removal of Starfish electrons., The solar maximum environment
for the outer zone has been presented by the model AE 4.°

AL 6 is presented by graphs of omnidirectional integral flux as a
function of L thell, the ambient magnetic field B, and the energy E.
Results of orbital integrations for altitudes from 150 n.m. to 18,000 n.m,
are given for circular orbits with four different inclinations, using the
AE 6 and the AE 4 solar maximum models for the inner and outer zones,
respectively.

Section III describes the derivation of AE 6 and gives a brief com-
parison of the radial profiles of equatorial fluxes from several related
models. The appendix following Section III contains a short summary of

the associated computer programs,



II, THE SOLAR MAXIMUM ENVIRONMENT - FLUX MAPS

To make estimates for mission fluxes, usoful maps of the spatial
distribution and energy dependence of the radiation environment in the
magnotosphere can be constructed by using coordinates B and L.* The pre-
sent electron omnidirectional integral flux model covers threshold ener-
gies E from 40 ke’ te 4 Mev and 1, shells from 1.2 to 11,0 Earth radii,

Nomographs are used to present two groups of flux maps, The first
group, Figures 1 through 9, shows electron fluxes as a function of L, B,
and E. The second group, Figures 10 through 17, gives the orbit-intc-
g.-ated fluxes as a function of orbital altitude (n,m.) and inclination
(deg). This application of the nomograph was called "carpet plot" and
has been documented.,®

There are three carpet plots mapping cach of the threshold energios
(k = ,04, .1, .25, .5, .75, 1.0, 2.0, 3.0, and 4,0 Mev). The first car-
pet plot, A, covers the inner zone; the second carpet plot, B, depicts
the slot region; and the third carpet plot, C, extends to the outside
edge of the outer zone., Thus, a complete spatial coverage of the two
radiation belts for the nine threshold encrgies is provided by 27 carpet
plots in Figures 1 through 9, each figure consisting of three carpet
plots: A, B, and C.

It is noted that outer zone fluxes (L. 2 3.0) are generated from the
AE 4 1967 model, This model contains a description of the temporal vari-
ations of the electron fluxes and the dependence on local time.? The
model used for the type of average required for orbit integrations is

based on an average over both of these fluctuations.



The carpet plots of the slot region, Plot B of cach threshold energy,
contain the interfaces of the inner zone and outer zone models, It is
noted that the transitions between L = 2,6 to L = 3,0 are quite smooth
at low B valuass (equatorial region), but not at high B values, This is
the result of the different B depondence used in the independent modeling
of inner zone and outer zone. The B dependence cf the AE 6 model is the
same as AE 5, which is quite different from AE 4,°

Carpet plots of orbit-integrated fluxes appear in Figures 10 through
17. The fluxes accumulated per day by "flying" in the circuldar orbits
of a given inclination are plotted 3% a function of orbital altitudes and
throshold energies. The computation is based on the AE 6 and AE 4 solar
maximum model environments, using the program ORP (Appendix). Data have
been generated for the circular orbits at four inclinations: 0, 30, 60,
and 90 deg. Each of these orbital integration carpet plots covers alti-
tudes ranging either from 150 to 4,000 n.m. or from 4,500 to 18,000 n.m.
for a given inclination, The observation of ne significant flux in the
0-dng inclination orbit at the low altitude of 150 n.m, is attributed to
the fact that low-altitude fluxes are encountered only in the South At~
lantic Aromaly and that this region does not extend to 0-deg latitude.

Other useful categories of graphic model presentation are the iso-
flux maps in B-. ind R-A coordinates, where R and A are radial distance
in Earth radii and magnetic latitude in deg, respectively. Figures 18
through 23 are the iso-flux contour maps for threshold energies 40 kev,
500 kev, and 1 Mev. These maps are shown for the AE 6 model only, Cor-

responding outer zone maps have been published,®



111, MODEL DERIVATION AND COMPARISON

Unlike the previous electron model, AE 5 1967, AE 6 is not directly
constructed from in situ moasurements., It is derived from the corrected
AE 5 1067 model in conjunction with a Starfish model.? The derivation
is designed to obtain a projection of the solar maximum environment after
removing the artificial eloctroms.,

The model AE 5 is based on data from five satellites: 0GO 1, 0G0 3,
1963-38C, OV3-3, and Explorer 26, spanning the pecriod September 1964 to
December 1967, For the model epoch 1967, the model is designated as
AE 5 1967 to ropresent the solar maximum condition with a significant
Starfish contribution,

Subsequent to the derivation of the AL 5 1967 moacl, the reported
value for the efficiency of the OV3-3 spectrometer was increased by a
factor of four. As a result, the :lux levels in the data wers reduced
by the same fuctor, The required corrections and adjustments in the
model fluxes have been described in detail in an earlier publication,®

Generally, the efiiciency change of OV3-3 data affects the AE 5
model for all energies above 250 kev., The effect, however, is more pro-
nounced for E > 700 kev and L > 1,6 Earth radii because 0V3-3 data werc
the only measurements used by the model for these encrgies in that region,
Figure 24 is a block diagram showing the changes made for the derivation
of the new model, AE 6, as a func-icn of energy and L shell,

The = bhtraction of residual Starfish fluxes from model AL 5 1967 is
based on a previously documented study of the Starfish electron decay,?

The decay-time contours and the cutoff-time contours derived in that



study have been used to estimate the artificiul clectron residual in the
AL 5 1967 model, 7The quantituctive dotails are obtained from Table 2 and
Figures 9 and 24 of that documont, It has beon shown that no Starfish
residual electrons for enerpgies less than 250 kev were observed after
September 1964, Hence, no adjustment is made for L < 250 kev in the

AE 6 model,

The previously discussed Starfish model was developed by using the
data from eight satellites: OGO 1, OGO 3, 1963-38C, OV1-2, Pegasus-A,
Pegasus-B, Explorer 15, and Explorer 26, Assuaing a linear formulation
with exponential time decay, the polynomial coefficients, cutoff time,
and decay time of the artificial clectrons were determined by various
iterative procec'.res, In light of the substantial differences in several
decay-time mecasurcments (i.e., references 7, 8, and 9), an average decay-
time profile was obtained, These results were used to account for the
probable long~term effects of the artificial electron decay, Estimates
of the uacertainty factors appear in the same docurent.?

The effects of the 0V3-3 efficiency change in the AE 5 1967 mouel
and of the removal of Starfish flux in the inner zoae are shown by the
radial profiles given in Figures 25 through 30, In addition to the
solar maximum model environments, the projected solar minimum model AE 5
1975 profiles® are given in each figure for comparison., The OV3~3 effi~
ciency change was most important for the higher energy regions and +s
seen most clearly in Figuras 28 through 30, ‘The Starfish decay was most
important for L values in the range 1.2 to 1.7 and energies greater than

500 kev.



There is littlo differonce betwuow the solar maximum and solar mini-
mum models at high energies and low I valuus, However, as shown in Fig-
ures 25, 26, and 27, the dopendence of eloctron flux on the solar cycle
becomes more pronounced for energies bolow 250 kev, At these encrgies
very little modification was made for the Starfish flux subtraction,

For L values greater than 1,6 and enorgios less than 1 Mev, the differ-
ences between solar maximum and solar minimum become quite large.

In Figeres 31 and 32, equatorial radial profiles in the interface
region between AE 6 and the AL 4 solar maximum model are presented for
threshold enorgices of .04, .25, .5, 1.0, 2.0, 3.0, and 4.0 Mev, For L
values between 2.4 and 2.0 Earth radii, a smoothing interpolation pro-
cedure has been appliecd to tie model boundaries to produce continuous
and smooth radial profiles,

Since the AE 6 model is derived from AE 5, the accuracy of the new
model is limited by that of AL 5. Estimates of confidence codes for
various L and E ranges of AE o are listed in Table 1. For regions and
energies with no significant flux adjustments, the same confidence codes
as in the AE 5 document® are adopted. In areas that required substantial
Starfish flux subtraction, the AE 5 codes have been downgraded. Within
these limits of accuracy, the AE 5 model presented in this report should

serve the purpose of a reference of environment projection.

6



APPENDIX
Computer Programs MODEL and ORP

Programs MODEL and OlP have been modified to accommodate the new
electron and proton models, AL 6 and AP 8,'° Version 3.0 of these programs
is described in this appendix and replaces Version 1.0'! and Version 2.0.°

The current models issued by NSSDC are for solar minimum electrons
AL 4 1964 (AE4MIN) and AE 5 1975 projected (AESMIN), for solar maximunm
clectrons AE 4 1967 (AE4) and AL 6 1980 (AEG6MAX), for solar minimum
protons AP 8 1964 (APSMIN), and for solar maximum protons AP 8 1970
(APS8MAX). The models being used are stored in common blocks that are
referenced by the program, In program MODEL the COMION statements for
these blocks are included in subroutine TYPE, and in ORP they are in-
cluded in MAIN,

On page 15 of '""The Use of the Inner Zone Electron Model Al=5 and
Associated Computer Programs,'!! the variable MIYPL in Column 9 of Card

*a* for program MODEL has the following values in Version 3.0:

MIYPE Model Used
1 APSMAX
2 APBMIN
3 ALEOMAX for I = 2.8, A4 for L > 2.8
4 ALSMIN for L = 2.8, AL4MIN for L > 2.8

On page 24 of that document, the variable MODEL in Column 70 of Card

"a” has the following values in Version 3,0:



MODEL Model Used

1 APSMAX

2 APSMIN

3 AEOMAX for L = 2,8, A4 for I » 2.8

4 AESMIN for L < 2.8, ALUAMIN for L > 2,8
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Code
1
3

10

Table 1. Omnidirectional Flux Confidence Codes for AE 6

L._Range

<1,25
21.3

1.3-1.6

1.9-2.4

1.6’1;9

1.9"'2.4

1,3-1.9

1-3-1.9

E_Range Comments
23 Mev Extrapolation on B, L, and E
23 Mev Extrapolation on E and B
«7=3 Mev Starfish model used to estimatc

artificial flux

>250 kev Storm effects.,
Corrected for 0V3-3 data
«7=3 Mov Minor adjustment for Starfish
flux
<250 kev Some storm effect
250-700 kev Minor modification with spect
to AL 5 1967
<250 kev Same s AE 5 1967
Code Model Accuracy
10 Factor of 2
1 Order of Magnitude
PRECEDING PA:«i 112K NOT FILMED

11
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FIGURE 1A OMNIDIRECTIONAL INTEGRAL FLUX MAP
40 KEV ELECTRONS FOR L LE 2.4
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FIGURE 1B

OMNIDIRECTIONAL INTEGRAL FLUX MAP

40 KTV ELECTRONS FOR L 2.6 TC 6.0
NODEL AEY4 SOLAR mAXImUM
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FIGURE 1C OMNIDIRECTIONAL INTEGRAL FLUX MAP
40 KEV ELECTRONS FO8 L GE 7.0
MODEL AE4 SCLAR MAXImUM
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FIiGURE

MODEL AE¢ SQOLAR MAXIMUM PROJECTED
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OMNIDIRECTIONAL INTEGRAL FLUX MAP

1.0 MEV ELECTRONS FOR L 2.6 TO 5.0
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FIGURE 7B

2.0 MEV ELECTRONS FOR L 2.6 TO &.0

OMNIDIRECTIONAL INTEGRAL FLUX RAP

MODEL AE® SOLAR maXImum

A 1 ] b
- 4 -
L. 1 L -+ 4 + g 4
Yy
- . . |
(4% B
S sty s
L .43
P4 . .
5 o le.yr 4
Py
. A
~] i X
et 4t
41
U F ] - .
1 L ﬁ/
'y —{h ‘#/ > I
: P
-« ot
T A .
L 3 .I
——% 1
oy T4
>
e q }
- .
”
= Y -
r’
- jﬁ*“ﬁ—_ T
- - .
3
il T 1
sy
| i1 .
1! 10 1e? 1e" e 1

ELECTRONS/SG-CM.SEC

¥00d ST 3OVd TYNIDTEO
JHL 40 ALIIEIONC0dSTE



£e

FIGURE 7C OMNIDIRECTIONAL INTEGRAL FLUX NaAP
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FIGURE BB
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FIGURE 8C ONNIDIRECTIONAL INTEGRAL FLUX maP
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OMNIDIRECTIONAL INTEGRAL FLUX MAP
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FIGURE 98 OMNIDIRECTIONAL INTEGRAL FLUX wmaAP
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4.6 MEV ELECTRDONS FOR L GE 4.5

FIGURE 9¢C
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FIGURE 11 ORBITAL INMTEGRATION MAP EPOCN 1980
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FIGURE 12 CRBITAL INTEGRATION MAP EPOCH 1980
CIRCULAR ORBIT 30 DEG INCLINATION

SOLAR MAXIMUM AE4 AND AE6 MODELS
(150 to 4000 n.m.)
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FIGURE 13 ORBITAL INTEGRATION waP EPOCH 1980
CIRCULAR ORBIT 30 DEG INCLINATION

SOLAR MAXIMUM AEY AND AE6 RODELS
(4,500 to 18,000 n.m.)
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FIGURE 17 QORBITAL INTEGRATION MAP EPOCH 1980
CIRCULAR QORBIT 90 DEG INCLINATION
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Figure 18. B-L Projection of AE 6 Omnidirectional lso-flux Contours for 40-kev Electrons
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Figure 19. B-L Projection of AE 6 Omnidirectional Iso~flux Contours for 500-kev Electrons
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Figure 20. B-L Projection of AE 6 Omnidirectional iso~flux Contours for 1-Mev Electrons
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Figure 21. R-A Projection of AE 6 Omnidirectional Iso~flux Contouss for 40-kev Elecivons
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Figure 22. R-A Projection of AE 6 Omnidirectional Iso-flux Contours for 500-kev clectrons
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Figure 23. R-A Projection of AE 6 Omnidirectional lso~flux Contours for 1-Mev Electrons
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Figure 25. Inner Zone Radial Profile for 40-kev Electrans
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Equatorial Omnidirectional Integral Flux (electrons/cm2-sec)
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Figure 26, Inner Zone Radial Profile for 100-kev Electrons
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Equatorial Omnidirectional lntegral Flux {electrons/cm2 -sec)

107

108

107

104

108

Sm——

v s AE 5 1967 Model

AE 5 1975 Projected

l I l I I

Lty

1 llllil!

Illlll

i

1.2

1.4 1.6 1.8 2.0 2.2
L (Earth rodii)

Figure 27. Inner Zone Radial Profile for 250-kev Electrons
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Figure 28, Inner Zone Radinl Profile for 500-kev Electrons
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Equatorial Omnidirectional integral Flux {electrons/cm2-sec)
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Figure 29, Inner Zone Radial Profile for 1-Mav Electrons

59

2.4



Equatorial Omnidirsctionol Integral Flux (electrons/cw® -sac)
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Figure 30. Inner Zone Radial Profile for 2-Mev tlections
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Equatorial Omeidirectional Integral Flux (electrons/cm? -sec)
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Figure 31. Radial Profile in Model-Interface Region (40 kev to 1.0 Mev)
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Figure 32. Radial Profile in Model Interface Region (2.0 to 4.0 Mev)
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