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MEMORANDUM

SUBJECT: TRAPPED-RADIATION ENVIRONMENT |11
PROJECT: CHANDRA X-RAY OBSERVATORY
DATE: 2006.12.04

SUMMARY

In a memorandum dated 2006.01.31, Project Science presented computations of
the long-term external fluence of trapped protons in the evolving orbit of the
Chandra X-ray Observatory through the AP8 environment. Subsequently, in a
memorandum dated 2006.10.31, Project Science addressed uncertainties in the
calculated external fluence due to temporal variations and to rotation of the Earth’s
slightly asymmetric magnetic field, concluding the following:

1. Temporal variations in the orbital 100-200-keV proton fluence are about a factor
of 2 (geomagnetic quiet) up to 4 (geomagnetic active).

2. Rotation of the Earth’s magnetic field effects changes in the orbital 100-200-keV
proton fluence that are typically less than a factor of 2 orbit-to-orbit, much less
for the average of 3 consecutive orbits (= 8 days).

Consequently, we recommended a factor-of-3 margin over the fluence estimates
previously presented. Based upon additional analyses by Project Science and MSFC’s
Natural Environments Branch, this memorandum further documents and assigns a
confidence level to the recommended margin. In addition, it provides an APS8-
predicted proton fluence for each of the first 20 orbits of Observatory operations, for
comparison to CTl measurements reported by the ACIS Team.

DiscussiON

This brief discussion summarizes the results of our recent supplemental analyses,
reported in Supporting Documents.

1. The most intense regions of the Earth’s trapped-proton belts are fairly stable.
Thus, for elliptical orbits which transit this region, the external proton fluence is
fairly predictable — albeit high. We utilized L-shell-sorted data from the Polar
spacecraft to quantify 100—-200-keV trapped-proton intensity variations during 4
years (1996-1999) that included geomagnetically quiet and active periods.
Based upon this analysis (Ip-t_100keV.pdf), we determined that the (spatially)
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peak intensity exceeds 3 times its (temporally) average value about 1% of the
time; exceeds 2 times, about 8% of the time.

2. Orbit-to-orbit differences in orbital fluence result from rotation of the Earth’s
slightly asymmetric magnetic field. Such differences are typically not large when
the orbit penetrates deeply into the proton belt and the fluence is consequently
high. Importantly, this contribution to the “uncertainty” is deterministic — i.e.,
given the date of a perigee pass, we can calculate the AP8-predicted fluence for
that specific orbit. Thus, we calculated (orbs_1-20.pdf) the AP8 fluence for
each of the first 20 Chandra orbits after opening of the Observatory’s door on
1999.08.12, allowing a direct correlation with the initial ACIS CTl measurements.
In particular, the orbital fluence of >100-keV protons for the 7" ACIS-exposed
transit (orbit #12) was 0.65 that of the average for the first 6 ACIS-exposed
transits (orbits ##1-2, 4—6, & 11).

In conclusion, our recommended factor-of-3 margin represents a 99%-confidence
limit over the mean fluence calculated for a specific orbit. For an annually-averaged
orbit, we suggest de-rating the factor-of-3 margin to a 95%-confidence limit.

SUPPORTING DOCUMENTS

The attached files comprise the supporting data products from this study:

1. Ip-t_100keV.pdf plots and tabulates the ratio of the 100—keV-proton spectral
intensity to its (temporally) average value, versus percentile rank for obtaining
this ratio or less. The plotted lines are for Mcllwain L values (magnetic-shell
equatorial radius) near 4.25 R., corresponding to the (spatial) maximum in the
intensity of 100-200-keV trapped protons. The Polar Comprehensive Energetic
Particle and Pitch Angle Distribution (CEPPAD) Imaging Proton Spectrometer
(IPS) obtained these data during 1996-1999. (See also polar_100keV.pdf,
from memorandum 20061031_slo.pdf).

2. orbs_1-20.pdf give the proton fluence for each of the first 20 Chandra orbits
after opening the Observatory’s door. As before (memoranda 20061031 _slo.pdf
and 20061031 _slo.pdf), we used the SPENVIS tool to propagate the Chandra’s
orbit in the AP8 environment. The larger table gives the integral fluence (for 17
proton energies E, ranging from 0.1 MeV to 10 MeV), both cumulative and per-
orbit, along with various parameters characterizing the statistical distribution of
calculated orbital fluence. The smaller table and plot display the fluence for each
orbit scaled to the average over the 20 orbits. For E;, > 0.1 MeV, the statistical
distribution of the ratio of orbital fluence to average fluence (over 20 orbits) has
a mean 1.0 (by definition), standard deviation 0.3, maximum 1.5, and minimum
0.6. For a given orbit, however, the model fluence is deterministic. Thus, for
example, we find that the AP8-estimated >100—keV-proton fluence for orbit #12
was 0.65 times that of the average over orbits ##1-2, 4—6, & 11. That for orbit
#13 was 1.38 times that average. (NB: These are the 8 orbits for which ACIS
was exposed during radiation-belt transits.)
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Intensity variations of 100-keV protons in radiation belt
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le [p/(cm? s st MeV)] I / Ave(lg)

L [Re] 4.05 4.15 4.25 4.35 4.45 4.55 L[Re]| 4.05 4.15 4.25 4.35 4.45 4.55
Average|3.63E+07 3.76E+07| 3.86E+07 | 3.80E+07 | 3.68E+07| 3.32E+07 Ave(lg)| 3.6E+07 3.8E+07 3.9E+07 3.8E+07 3.7E+07 3.3E+07
Std-Dev|2.43E+07| 2.51E+07 | 2.54E+07 | 2.54E+07 2.47E+07| 2.33E+07 Med(lg)| 3.2E+07 | 3.4E+07 3.5E+07 3.4E+07 3.3E+07|2.8E+07
100.0%| 1.60E+08 1.53E+08 1.45E+08| 1.37E+08 1.30E+08 1.23E+08 100.0% 4.41 4.07 3.77 3.60 3.54 3.71

99.5%|1.23E+08 1.24E+08 1.22E+08 1.18E+08 1.13E+08 1.05E+08 99.5% 3.39 3.29 3.17 3.11 3.06 3.16

99.0%]| 1.14E+08 1.14E+08 1.11E+08 1.08E+08| 1.05E+08| 9.70E+07 99.0% 3.15 3.04 2.88 2.84 2.85 2.92

98.5%| 1.03E+08 1.04E+08 1.04E+08 1.02E+08 9.81E+07 9.28E+07 98.5% 2.84 2.77 2.69 2.70 2.67 2.80

98.0%]| 9.90E+07 9.97E+07 | 9.93E+07 | 9.69E+07 | 9.45E+07 | 8.94E+07 98.0% 2.73 2.65 2.57 2.55 2.57 2.69

97.5%| 9.50E+07 9.69E+07 9.65E+07 | 9.43E+07 9.19E+07 8.64E+07 97.5% 2.62 2.58 2.50 2.48 2.50 2.60

97.0%| 9.16E+07 9.39E+07 | 9.39E+07 | 9.21E+07 | 8.93E+07 | 8.44E+07 97.0% 2.52 2.50 2.43 2.42 2.43 2.54

96.5%]| 8.90E+07 9.09E+07 9.17E+07 8.99E+07 8.70E+07 8.24E+07 96.5% 2.45 2.42 2.38 2.37 2.36 2.48

96.0%| 8.60E+07 8.83E+07 | 8.99E+07 | 8.80E+07 | 8.48E+07 | 8.03E+07 96.0% 2.37 2.35 2.33 2.32 2.31 2.42

95.5%| 8.37E+07 8.62E+07 8.79E+07 8.62E+07 8.33E+07 7.81E+07 95.5% 2.30 2.29 2.28 2.27 2.27 2.35

95.0%]| 8.21E+07 8.41E+07 | 8.55E+07 | 8.44E+07 | 8.18E+07 | 7.67E+07 95.0% 2.26 2.24 2.21 2.22 2.23 2.31

94.5%| 8.03E+07 8.27E+07 8.34E+07 | 8.27E+07 8.02E+07 7.50E+07 94.5% 2.21 2.20 2.16 2.18 2.18 2.26

94.0%| 7.88E+07 8.06E+07 | 8.18E+07 | 8.13E+07 | 7.89E+07 | 7.36E+07 94.0% 2.17 2.14 2.12 2.14 2.14 2.22

93.5%| 7.66E+07 7.93E+07 8.05E+07 | 8.01E+07 7.77E+07 7.28E+07 93.5% 2.11 2.11 2.08 211 2.11 2.19

93.0%]| 7.42E+07 7.78E+07| 7.90E+07 | 7.89E+07 | 7.65E+07 | 7.18E+07 93.0% 2.04 2.07 2.05 2.08 2.08 2.16

92.5%|7.31E+07 7.67E+07 7.75E+07| 7.75E+07 7.54E+07 7.05E+07 92.5% 2.01 2.04 2.01 2.04 2.05 2.12

92.0%]|7.23E+07  7.53E+07| 7.66E+07 | 7.63E+07 | 7.44E+07 | 6.94E+07 92.0% 1.99 2.00 1.98 2.01 2.02 2.09

91.5%|7.13E+07 7.42E+07 7.54E+07| 7.52E+07 7.36E+07 6.86E+07 91.5% 1.96 1.97 1.95 1.98 2.00 2.07

91.0%]| 7.02E+07  7.30E+07| 7.46E+07 | 7.39E+07 | 7.24E+07 | 6.78E+07 91.0% 1.93 1.94 1.93 1.95 1.97 2.04

90.5%|6.93E+07 7.21E+07 7.36E+07| 7.32E+07 7.18E+07 6.66E+07 90.5% 1.91 1.92 1.91 1.93 1.95 2.00

90.0%| 6.83E+07 7.12E+07| 7.26E+07 | 7.25E+07 | 7.08E+07 | 6.58E+07 90.0% 1.88 1.89 1.88 1.91 1.93 1.98

89.5%|6.69E+07 7.02E+07 7.17E+07| 7.15E+07 6.98E+07 6.49E+07 89.5% 1.84 1.87 1.86 1.88 1.90 1.95

89.0%]| 6.59E+07 6.92E+07| 7.09E+07 | 7.08E+07 | 6.91E+07 | 6.41E+07 89.0% 1.81 1.84 1.83 1.86 1.88 1.93

88.5%|6.51E+07 6.85E+07 7.01E+07 7.01E+07 6.84E+07 6.36E+07 88.5% 1.79 1.82 1.82 1.85 1.86 1.92

88.0%|6.43E+07 6.77E+07 | 6.95E+07 | 6.93E+07 | 6.77E+07 | 6.30E+07 88.0% 1.77 1.80 1.80 1.82 1.84 1.90

87.5%|6.37E+07 6.69E+07 6.86E+07 6.87E+07 6.70E+07 6.23E+07 87.5% 1.76 1.78 1.77 1.81 1.82 1.88

87.0%| 6.30E+07 6.64E+07 | 6.77E+07 | 6.79E+07 | 6.65E+07 | 6.18E+07 87.0% 1.73 1.77 1.75 1.79 1.81 1.86

86.5%|6.25E+07 6.56E+07 6.70E+07 | 6.74E+07 6.59E+07 6.13E+07 86.5% 1.72 1.74 1.73 1.77 1.79 1.85

86.0%|6.17E+07 6.50E+07 | 6.64E+07 | 6.67E+07 | 6.50E+07 | 6.08E+07 86.0% 1.70 1.73 1.72 1.76 1.77 1.83

85.5%|6.12E+07 6.43E+07 6.57E+07 6.62E+07 6.44E+07 6.03E+07 85.5% 1.69 1.71 1.70 1.74 1.75 1.82

85.0%|6.06E+07 6.37E+07 | 6.51E+07 | 6.56E+07 | 6.39E+07 | 5.98E+07 85.0% 1.67 1.69 1.69 1.73 1.74 1.80

84.5%|6.00E+07 6.30E+07 6.46E+07 6.50E+07 6.34E+07 5.91E+07 84.5% 1.65 1.68 1.67 1.71 1.72 1.78

84.0%|5.93E+07 6.24E+07 | 6.38E+07 | 6.44E+07 | 6.28E+07 | 5.85E+07 84.0% 1.63 1.66 1.65 1.70 1.71 1.76

83.5%|5.86E+07 6.17E+07 6.32E+07 | 6.38E+07 6.21E+07 5.78E+07 83.5% 1.61 1.64 1.64 1.68 1.69 1.74

83.0%]| 5.80E+07 6.12E+07 | 6.25E+07 | 6.32E+07 | 6.16E+07 | 5.71E+07 83.0% 1.60 1.63 1.62 1.66 1.67 1.72

82.5%|5.75E+07 6.05E+07 6.19E+07 | 6.24E+07 6.09E+07 5.64E+07 82.5% 1.58 1.61 1.60 1.64 1.66 1.70

82.0%|5.69E+07 5.98E+07 | 6.14E+07 | 6.19E+07 | 6.05E+07 | 5.58E+07 82.0% 1.57 1.59 1.59 1.63 1.65 1.68

81.5%|5.64E+07 5.91E+07 6.10E+07 6.15E+07 5.97E+07 5.53E+07 81.5% 1.55 1.57 1.58 1.62 1.62 1.66

81.0%|5.58E+07 5.85E+07| 6.05E+07 | 6.09E+07 | 5.93E+07 | 5.48E+07 81.0% 1.54 1.56 1.57 1.60 1.61 1.65

80.5%|5.53E+07 5.80E+07 5.99E+07 6.03E+07 5.88E+07 5.42E+07 80.5% 1.52 1.54 1.55 1.59 1.60 1.63

80.0%|5.47E+07 5.75E+07 | 5.94E+07 | 5.98E+07 | 5.82E+07 | 5.37E+07 80.0% 1.51 1.53 1.54 1.58 1.58 1.62

79.5%|5.44E+07 5.70E+07 5.88E+07 5.93E+07 5.79E+07 5.32E+07 79.5% 1.50 1.51 1.52 1.56 1.57 1.60

79.0%|5.38E+07 5.63E+07 | 5.84E+07 | 5.86E+07 | 5.73E+07 | 5.26E+07 79.0% 1.48 1.50 1.51 1.54 1.56 1.58

78.5%|5.33E+07 5.57E+07 5.79E+07 | 5.82E+07 5.69E+07 5.21E+07 78.5% 1.47 1.48 1.50 1.53 1.55 1.57

78.0%|5.29E+07 5.52E+07 | 5.75E+07 | 5.78E+07 | 5.64E+07 | 5.17E+07 78.0% 1.46 1.47 1.49 1.52 1.53 1.56

77.5%|5.25E+07 5.48E+07 5.70E+07 | 5.74E+07 5.59E+07 5.13E+07 77.5% 1.45 1.46 1.48 1.51 1.52 1.54

77.0%|5.20E+07 5.41E+07 | 5.66E+07 | 5.69E+07 | 5.55E+07 | 5.08E+07 77.0% 1.43 1.44 1.46 1.50 1.51 1.53

76.5%|5.16E+07 5.36E+07 5.60E+07 5.64E+07 5.48E+07 5.03E+07 76.5% 1.42 1.42 1.45 1.48 1.49 1.51

76.0%|5.10E+07 5.32E+07 | 5.56E+07 | 5.61E+07 | 5.44E+07 | 4.97E+07 76.0% 1.41 1.41 1.44 1.48 1.48 1.50

75.5%|5.05E+07 5.27E+07 5.51E+07 5.56E+07 5.40E+07 4.93E+07 75.5% 1.39 1.40 1.43 1.46 1.47 1.48

75.0%|5.01E+07 5.22E+07 | 5.47E+07 | 5.51E+07 | 5.35E+07 | 4.89E+07 75.0% 1.38 1.39 1.42 1.45 1.45 1.47

74.5%|4.97E+07 5.19E+07 5.43E+07 5.46E+07 5.29E+07 4.85E+07 74.5% 1.37 1.38 1.41 1.44 1.44 1.46

74.0%|4.92E+07 5.15E+07 | 5.39E+07 | 5.43E+07 | 5.24E+07 | 4.81E+07 74.0% 1.36 1.37 1.40 1.43 1.43 1.45

73.5%|4.88E+07 5.11E+07 5.35E+07 | 5.37E+07 5.20E+07 4.76E+07 73.5% 1.34 1.36 1.38 1.42 1.41 1.43

73.0%| 4.84E+07 5.07E+07 | 5.32E+07 | 5.33E+07 | 5.16E+07 | 4.71E+07 73.0% 1.33 1.35 1.38 1.40 1.40 1.42

72.5%)|4.79E+07 5.04E+07 5.29E+07 | 5.30E+07 5.09E+07 4.66E+07 72.5% 1.32 1.34 1.37 1.39 1.38 1.40

72.0%|4.74E+07 4.99E+07 | 5.24E+07 | 5.25E+07 | 5.06E+07 | 4.62E+07 72.0% 1.31 1.33 1.36 1.38 1.38 1.39

71.5%|4.70E+07 4.94E+07 5.20E+07 | 5.19E+07 5.01E+07 4.58E+07 71.5% 1.29 1.31 1.35 1.37 1.36 1.38

71.0%|4.66E+07 4.91E+07 | 5.15E+07 | 5.14E+07 | 4.97E+07 | 4.54E+07 71.0% 1.28 1.31 1.33 1.35 1.35 1.37

70.5%|4.63E+07 4.86E+07 5.12E+07 | 5.08E+07 4.94E+07 4.50E+07 70.5% 1.28 1.29 1.33 1.34 1.34 1.36

70.0%|4.59E+07 4.81E+07 | 5.08E+07 | 5.03E+07 | 4.91E+07 | 4.46E+07 70.0% 1.26 1.28 1.31 1.32 1.33 1.34

69.5%|4.55E+07 4.78E+07 5.02E+07 | 4.98E+07 4.87E+07 4.41E+07 69.5% 1.25 1.27 1.30 1.31 1.32 1.33

69.0%|4.51E+07 4.74E+07 | 4.98E+07 | 4.93E+07 | 4.82E+07 | 4.36E+07 69.0% 1.24 1.26 1.29 1.30 1.31 1.31

68.5%|4.48E+07 4.71E+07 4.94E+07 4.89E+07 4.78E+07 4.32E+07 68.5% 1.23 1.25 1.28 1.29 1.30 1.30

68.0%|4.44E+07 4.66E+07 | 4.90E+07 | 4.85E+07 | 4.74E+07 | 4.26E+07 68.0% 1.22 1.24 1.27 1.28 1.29 1.28

67.5%|4.41E+07 4.64E+07 4.86E+07 4.80E+07 4.71E+07 4.22E+07 67.5% 1.21 1.23 1.26 1.27 1.28 1.27

67.0%|4.38E+07 4.61E+07 4.82E+07 | 4.77E+07 | 4.66E+07 | 4.18E+07 67.0% 1.21 1.23 1.25 1.25 1.27 1.26






le [p/(cm? s st MeV)] I / Ave(lg)

L [Re] 4.05 4.15 4.25 4.35 4.45 4.55 L[Re]| 4.05 4.15 4.25 4.35 4.45 4.55
Average|3.63E+07 3.76E+07| 3.86E+07 | 3.80E+07 | 3.68E+07| 3.32E+07 Ave(lg)| 3.6E+07 3.8E+07 3.9E+07 3.8E+07 3.7E+07 3.3E+07
Std-Dev|2.43E+07| 2.51E+07 | 2.54E+07 | 2.54E+07 2.47E+07| 2.33E+07 Med(lg)| 3.2E+07 | 3.4E+07 3.5E+07 3.4E+07 3.3E+07|2.8E+07

66.5%|4.34E+07 4.57E+07  4.78E+07 | 4.73E+07 | 4.62E+07 | 4.13E+07 66.5% 1.19 1.21 1.24 1.24 1.26 1.24

66.0%|4.30E+07 4.53E+07 4.73E+07 4.69E+07 4.58E+07 4.09E+07 66.0% 1.18 1.20 1.23 1.23 1.25 1.23

65.5%|4.27E+07 4.49E+07 | 4.70E+07 | 4.66E+07 | 4.55E+07 | 4.05E+07 65.5% 1.18 1.19 1.22 1.23 1.24 1.22

65.0%|4.23E+07 4.45E+07 4.66E+07 4.62E+07 4.52E+07 4.01E+07 65.0% 1.16 1.18 1.21 1.22 1.23 1.21

64.5%|4.19E+07 4.41E+07 | 4.62E+07 | 4.58E+07 | 4.48E+07 | 3.97E+07 64.5% 1.15 1.17 1.20 1.21 1.22 1.20

64.0%|4.17E+07 4.37E+07 4.58E+07 | 4.55E+07 4.45E+07 3.92E+07 64.0% 1.15 1.16 1.19 1.20 1.21 1.18

63.5%|4.14E+07 4.33E+07 | 4.54E+07 | 4.51E+07 | 4.41E+07 | 3.87E+07 63.5% 1.14 1.15 1.18 1.19 1.20 1.17

63.0%|4.10E+07 4.29E+07 4.51E+07 4.48E+07 4.37E+07 3.83E+07 63.0% 1.13 1.14 1.17 1.18 1.19 1.16

62.5%|4.08E+07 4.26E+07 | 4.46E+07 | 4.44E+07 | 4.32E+07 | 3.79E+07 62.5% 1.12 1.13 1.16 1.17 1.17 1.14

62.0%|4.04E+07 4.22E+07 4.42E+07 | 4.39E+07 4.28E+07 3.76E+07 62.0% 1.11 1.12 1.14 1.16 1.16 1.13

61.5%|4.00E+07 4.18E+07 | 4.38E+07 | 4.35E+07 | 4.24E+07 | 3.71E+07 61.5% 1.10 1.11 1.13 1.15 1.15 1.12

61.0%|3.97E+07 4.14E+07 4.34E+07 4.30E+07 4.21E+07 3.66E+07 61.0% 1.09 1.10 1.12 1.13 1.14 1.10

60.5%]|3.93E+07 4.10E+07 | 4.30E+07 | 4.25E+07 | 4.17E+07 | 3.62E+07 60.5% 1.08 1.09 1.11 1.12 1.13 1.09

60.0%| 3.90E+07 4.07E+07 4.25E+07 4.21E+07 4.15E+07 3.58E+07 60.0% 1.07 1.08 1.10 1.11 1.13 1.08

59.5%|3.87E+07 4.02E+07 | 4.21E+07 | 4.17E+07 | 4.12E+07 | 3.54E+07 59.5% 1.07 1.07 1.09 1.10 1.12 1.07

59.0%| 3.83E+07 3.99E+07 4.18E+07 4.14E+07 4.07E+07 3.50E+07 59.0% 1.05 1.06 1.08 1.09 1.11 1.05

58.5%]| 3.80E+07 3.95E+07 | 4.15E+07 | 4.10E+07 | 4.03E+07 | 3.46E+07 58.5% 1.05 1.05 1.07 1.08 1.10 1.04

58.0%|3.77E+07 3.93E+07 4.11E+07 4.07E+07 3.99E+07 3.43E+07 58.0% 1.04 1.04 1.06 1.07 1.08 1.03

57.5%|3.74E+07 3.89E+07 | 4.07E+07 | 4.03E+07 | 3.95E+07 | 3.40E+07 57.5% 1.03 1.03 1.05 1.06 1.07 1.02

57.0%| 3.69E+07 3.85E+07 4.03E+07 4.00E+07 3.90E+07 3.36E+07 57.0% 1.02 1.02 1.04 1.05 1.06 1.01

56.5%| 3.66E+07 3.81E+07| 3.99E+07 | 3.97E+07 | 3.85E+07 | 3.31E+07 56.5% 1.01 1.01 1.03 1.04 1.05 1.00

56.0%| 3.62E+07 3.78E+07 3.95E+07 | 3.92E+07 3.81E+07 3.27E+07 56.0% 1.00 1.01 1.02 1.03 1.04 0.99

55.5%|3.58E+07 3.75E+07 | 3.93E+07 | 3.87E+07 | 3.76E+07 | 3.23E+07 55.5% 0.99 1.00 1.02 1.02 1.02 0.97

55.0%| 3.56E+07 3.71E+07 3.89E+07 3.83E+07 3.72E+07 3.19E+07 55.0% 0.98 0.99 1.01 1.01 1.01 0.96

54.5%|3.53E+07 3.68E+07| 3.85E+07 | 3.78E+07 | 3.68E+07 | 3.13E+07 54.5% 0.97 0.98 1.00 1.00 1.00 0.94

54.0%|3.50E+07 3.64E+07 3.82E+07 3.75E+07 3.64E+07 3.10E+07 54.0% 0.96 0.97 0.99 0.99 0.99 0.93

53.5%|3.47E+07 3.60E+07 | 3.78E+07 | 3.70E+07 | 3.59E+07 | 3.06E+07 53.5% 0.95 0.96 0.98 0.98 0.98 0.92

53.0%| 3.43E+07 3.57E+07 3.75E+07 | 3.67E+07 3.56E+07 3.02E+07 53.0% 0.94 0.95 0.97 0.97 0.97 0.91

52.5%|3.40E+07 3.54E+07 | 3.72E+07 | 3.63E+07 | 3.50E+07 | 2.99E+07 52.5% 0.93 0.94 0.96 0.96 0.95 0.90

52.0%|3.37E+07 3.50E+07 3.68E+07 3.60E+07 3.46E+07 2.95E+07 52.0% 0.93 0.93 0.95 0.95 0.94 0.89

51.5%|3.34E+07 3.47E+07 | 3.64E+07 | 3.56E+07 | 3.42E+07 | 2.92E+07 51.5% 0.92 0.92 0.94 0.94 0.93 0.88

51.0%|3.31E+07 3.44E+07 3.61E+07 3.52E+07 3.38E+07 2.88E+07 51.0% 0.91 0.91 0.93 0.93 0.92 0.87

50.5%]| 3.28E+07 3.40E+07| 3.57E+07 | 3.47E+07 | 3.33E+07 | 2.85E+07 50.5% 0.90 0.90 0.93 0.91 0.90 0.86

50.0%| 3.25E+07 3.38E+07 3.54E+07 3.43E+07 3.29E+07 2.81E+07 50.0% 0.89 0.90 0.92 0.90 0.89 0.85

49.5%| 3.22E+07 | 3.34E+07 | 3.50E+07 | 3.38E+07| 3.24E+07 2.77E+07 49.5% 0.89 0.89 0.91 0.89 0.88 0.83

49.0%|3.18E+07| 3.32E+07 3.46E+07 3.34E+07|3.21E+07 2.75E+07 49.0% 0.87 0.88 0.90 0.88 0.87 0.83

48.5%| 3.16E+07 | 3.28E+07 | 3.42E+07 | 3.30E+07| 3.16E+07 2.71E+07 48.5% 0.87 0.87 0.89 0.87 0.86 0.82

48.0%|3.12E+07 | 3.24E+07 3.38E+07 3.25E+07| 3.12E+07 2.68E+07 48.0% 0.86 0.86 0.88 0.86 0.85 0.81

47.5%)|3.09E+07 | 3.21E+07 | 3.34E+07 | 3.22E+07| 3.08E+07 2.64E+07 47.5% 0.85 0.85 0.87 0.85 0.84 0.80

47.0%|3.07E+07| 3.17E+07 3.30E+07 3.18E+07| 3.05E+07 2.61E+07 47.0% 0.85 0.84 0.86 0.84 0.83 0.79

46.5%)| 3.05E+07 | 3.14E+07 | 3.26E+07 | 3.15E+07| 3.01E+07 2.58E+07 46.5% 0.84 0.83 0.84 0.83 0.82 0.78

46.0%|3.02E+07 | 3.11E+07 3.21E+07 3.11E+07|2.97E+07 2.54E+07 46.0% 0.83 0.83 0.83 0.82 0.81 0.76

45.5%)|2.99E+07 | 3.08E+07 | 3.17E+07 | 3.08E+07| 2.94E+07 2.51E+07 45.5% 0.82 0.82 0.82 0.81 0.80 0.76

45.0%| 2.96E+07 | 3.04E+07 3.13E+07 3.05E+07|2.91E+07 2.49E+07 45.0% 0.81 0.81 0.81 0.80 0.79 0.75

44.5%)|2.92E+07 | 3.01E+07 | 3.09E+07 | 3.01E+07| 2.88E+07 2.45E+07 44.5% 0.80 0.80 0.80 0.79 0.78 0.74

44.0%|2.90E+07 | 2.96E+07 3.05E+07 2.98E+07| 2.85E+07 2.43E+07 44.0% 0.80 0.79 0.79 0.78 0.78 0.73

43.5%|2.87E+07 | 2.93E+07 | 3.01E+07 | 2.95E+07| 2.82E+07 2.40E+07 43.5% 0.79 0.78 0.78 0.78 0.77 0.72

43.0%|2.84E+07 | 2.91E+07 2.98E+07 2.92E+07|2.78E+07 2.36E+07 43.0% 0.78 0.77 0.77 0.77 0.76 0.71

42.5%)|2.81E+07 2.88E+07 | 2.95E+07 | 2.89E+07| 2.75E+07 2.33E+07 42.5% 0.77 0.77 0.76 0.76 0.75 0.70

42.0%|2.78E+07 | 2.85E+07  2.92E+07 2.85E+07|2.72E+07 2.31E+07 42.0% 0.76 0.76 0.76 0.75 0.74 0.70

41.5%)|2.74E+07  2.83E+07 | 2.88E+07 | 2.82E+07| 2.68E+07 2.29E+07 41.5% 0.76 0.75 0.75 0.74 0.73 0.69

41.0%|2.72E+07 | 2.78E+07  2.84E+07 2.80E+07| 2.65E+07 2.25E+07 41.0% 0.75 0.74 0.74 0.74 0.72 0.68

40.5%|2.69E+07  2.75E+07 | 2.81E+07 | 2.77E+07| 2.62E+07 2.24E+07 40.5% 0.74 0.73 0.73 0.73 0.71 0.67

40.0%| 2.66E+07 | 2.72E+07 2.78E+07 2.74E+07| 2.59E+07 2.21E+07 40.0% 0.73 0.72 0.72 0.72 0.70 0.67

39.5%|2.63E+07 2.69E+07 | 2.74E+07 | 2.72E+07 | 2.55E+07 | 2.18E+07 39.5% 0.72 0.71 0.71 0.72 0.69 0.66

39.0%|2.60E+07 2.65E+07 2.70E+07 | 2.68E+07 2.52E+07 2.15E+07 39.0% 0.72 0.71 0.70 0.71 0.69 0.65

38.5%|2.57E+07 2.63E+07| 2.66E+07 | 2.65E+07 | 2.50E+07 | 2.13E+07 38.5% 0.71 0.70 0.69 0.70 0.68 0.64

38.0%| 2.54E+07 2.60E+07 2.63E+07 2.61E+07 2.46E+07 2.10E+07 38.0% 0.70 0.69 0.68 0.69 0.67 0.63

37.5%|2.51E+07 2.57E+07| 2.60E+07 | 2.57E+07 | 2.44E+07 | 2.07E+07 37.5% 0.69 0.68 0.67 0.68 0.66 0.62

37.0%|2.48E+07 2.54E+07 2.57E+07 2.54E+07 2.41E+07 2.04E+07 37.0% 0.68 0.67 0.66 0.67 0.65 0.62

36.5%|2.45E+07 2.51E+07| 2.54E+07 | 2.51E+07 | 2.38E+07 | 2.02E+07 36.5% 0.68 0.67 0.66 0.66 0.65 0.61

36.0%|2.43E+07 2.48E+07 2.50E+07| 2.47E+07 2.35E+07 1.99E+07 36.0% 0.67 0.66 0.65 0.65 0.64 0.60

35.5%|2.40E+07 2.45E+07 | 2.46E+07 | 2.44E+07 | 2.32E+07 | 1.96E+07 35.5% 0.66 0.65 0.64 0.64 0.63 0.59

35.0%|2.37E+07 2.42E+07 2.43E+07| 2.41E+07 2.29E+07 1.94E+07 35.0% 0.65 0.64 0.63 0.63 0.62 0.58

34.5%|2.34E+07 2.39E+07| 2.40E+07 | 2.38E+07 | 2.26E+07 | 1.91E+07 34.5% 0.65 0.64 0.62 0.63 0.61 0.58

34.0%|2.31E+07 2.37E+07 2.37E+07| 2.34E+07 2.23E+07 1.88E+07 34.0% 0.64 0.63 0.61 0.62 0.61 0.57

33.5%|2.29E+07 2.34E+07| 2.34E+07 | 2.30E+07 | 2.20E+07 | 1.86E+07 33.5% 0.63 0.62 0.61 0.61 0.60 0.56






le [p/(cm? s st MeV)] I / Ave(lg)

L [Re] 4.05 4.15 4.25 4.35 4.45 4.55 L[Re]| 4.05 4.15 4.25 4.35 4.45 4.55
Average|3.63E+07 3.76E+07| 3.86E+07 | 3.80E+07 | 3.68E+07| 3.32E+07 Ave(lg)| 3.6E+07 3.8E+07 3.9E+07 3.8E+07 3.7E+07 3.3E+07
Std-Dev|2.43E+07| 2.51E+07 | 2.54E+07 | 2.54E+07 2.47E+07| 2.33E+07 Med(lg)| 3.2E+07 | 3.4E+07 3.5E+07 3.4E+07 3.3E+07|2.8E+07

33.0%| 2.27E+07 2.31E+07| 2.30E+07 | 2.27E+07 | 2.17E+07 | 1.83E+07 33.0% 0.62 0.61 0.60 0.60 0.59 0.55

32.5%|2.24E+07 2.29E+07 2.28E+07 | 2.23E+07 2.14E+07 1.80E+07 32.5% 0.62 0.61 0.59 0.59 0.58 0.54

32.0%| 2.22E+07 2.26E+07| 2.25E+07 | 2.19E+07 | 2.11E+07 | 1.77E+07 32.0% 0.61 0.60 0.58 0.58 0.57 0.53

31.5%|2.19E+07 2.23E+07 2.23E+07 | 2.16E+07 2.07E+07 1.75E+07 31.5% 0.60 0.59 0.58 0.57 0.56 0.53

31.0%| 2.16E+07 2.21E+07| 2.20E+07 | 2.12E+07 | 2.03E+07 | 1.73E+07 31.0% 0.59 0.59 0.57 0.56 0.55 0.52

30.5%|2.13E+07 2.18E+07 2.17E+07 2.08E+07 2.01E+07 1.71E+07 30.5% 0.59 0.58 0.56 0.55 0.55 0.51

30.0%]| 2.11E+07 2.15E+07| 2.15E+07 | 2.05E+07 | 1.97E+07 | 1.68E+07 30.0% 0.58 0.57 0.56 0.54 0.54 0.51

29.5%|2.08E+07 2.13E+07 2.12E+07 | 2.01E+07 1.94E+07 1.66E+07 29.5% 0.57 0.57 0.55 0.53 0.53 0.50

29.0%]| 2.04E+07 2.10E+07| 2.09E+07 | 1.98E+07 | 1.90E+07 | 1.64E+07 29.0% 0.56 0.56 0.54 0.52 0.52 0.49

28.5%|2.02E+07 2.06E+07 2.07E+07| 1.94E+07 1.87E+07 1.61E+07 28.5% 0.56 0.55 0.54 0.51 0.51 0.49

28.0%]| 1.99E+07 2.03E+07| 2.04E+07 | 1.91E+07 | 1.84E+07 | 1.59E+07 28.0% 0.55 0.54 0.53 0.50 0.50 0.48

27.5%|1.96E+07 2.00E+07 2.01E+07 1.87E+07 1.81E+07 1.57E+07 27.5% 0.54 0.53 0.52 0.49 0.49 0.47

27.0%| 1.93E+07 1.96E+07 | 1.98E+07 | 1.85E+07 | 1.78E+07 | 1.54E+07 27.0% 0.53 0.52 0.51 0.49 0.48 0.46

26.5%|1.89E+07 1.93E+07 1.95E+07 1.81E+07 1.74E+07 1.51E+07 26.5% 0.52 0.51 0.50 0.48 0.47 0.45

26.0%]| 1.86E+07 1.90E+07|1.92E+07 | 1.78E+07 | 1.71E+07 | 1.49E+07 26.0% 0.51 0.51 0.50 0.47 0.46 0.45

25.5%|1.82E+07 1.88E+07 1.89E+07 1.74E+07 1.67E+07 1.46E+07 25.5% 0.50 0.50 0.49 0.46 0.46 0.44

25.0%]| 1.80E+07 1.84E+07 | 1.86E+07 | 1.71E+07 | 1.65E+07 | 1.44E+07 25.0% 0.50 0.49 0.48 0.45 0.45 0.43

24 .5%|1.77E+07 1.81E+07 1.84E+07 1.68E+07 1.62E+07 1.41E+07 24.5% 0.49 0.48 0.48 0.44 0.44 0.43

24.0%|1.73E+07 1.77E+07 | 1.82E+07 | 1.65E+07 | 1.59E+07 | 1.39E+07 24.0% 0.48 0.47 0.47 0.43 0.43 0.42

23.5%|1.70E+07 1.74E+07 1.79E+07 1.62E+07 1.54E+07 1.37E+07 23.5% 0.47 0.46 0.46 0.43 0.42 0.41

23.0%| 1.67E+07 1.71E+07 | 1.76E+07 | 1.59E+07 | 1.51E+07 | 1.34E+07 23.0% 0.46 0.46 0.46 0.42 0.41 0.40

22.5%|1.63E+07 1.67E+07 1.73E+07 1.56E+07 1.48E+07 1.32E+07 22.5% 0.45 0.44 0.45 0.41 0.40 0.40

22.0%| 1.60E+07 1.63E+07 | 1.69E+07 | 1.53E+07 | 1.44E+07 | 1.29E+07 22.0% 0.44 0.43 0.44 0.40 0.39 0.39

21.5%|1.57E+07 1.60E+07 1.66E+07 1.49E+07 1.41E+07 1.27E+07 21.5% 0.43 0.42 0.43 0.39 0.38 0.38

21.0%| 1.54E+07 1.57E+07 | 1.63E+07 | 1.46E+07 | 1.37E+07 | 1.24E+07 21.0% 0.42 0.42 0.42 0.38 0.37 0.37

20.5%| 1.48E+07 1.53E+07 1.60E+07| 1.43E+07 1.35E+07 1.21E+07 20.5% 0.41 0.41 0.42 0.38 0.37 0.36

20.0%]| 1.45E+07 1.50E+07|1.57E+07 | 1.40E+07 | 1.33E+07 | 1.17E+07 20.0% 0.40 0.40 0.41 0.37 0.36 0.35

19.5%(1.42E+07 1.47E+07 1.55E+07 1.37E+07 1.30E+07 1.15E+07 19.5% 0.39 0.39 0.40 0.36 0.35 0.35

19.0%|(1.39E+07 1.43E+07|1.51E+07 1.33E+07|1.27E+07|1.12E+07 19.0% 0.38 0.38 0.39 0.35 0.35 0.34

18.5%(1.37E+07 1.39E+07 1.48E+07 1.30E+07 1.24E+07 1.10E+07 18.5% 0.38 0.37 0.38 0.34 0.34 0.33

18.0%|(1.33E+07 1.37E+07|1.45E+07 1.26E+07 | 1.21E+07|1.07E+07 18.0% 0.37 0.36 0.38 0.33 0.33 0.32

17.5%(1.30E+07 1.34E+07 1.41E+07 1.23E+07 1.18E+07 1.05E+07 17.5% 0.36 0.36 0.37 0.32 0.32 0.32

17.0%(1.26E+07 1.30E+07|1.38E+07 1.20E+07|1.14E+07 | 1.03E+07 17.0% 0.35 0.35 0.36 0.32 0.31 0.31

16.5%(1.23E+07 1.28E+07 1.34E+07 1.16E+07 1.11E+07 1.01E+07 16.5% 0.34 0.34 0.35 0.31 0.30 0.30

16.0%|(1.20E+07 1.24E+07|1.31E+07 1.13E+07 | 1.08E+07 | 9.85E+06 16.0% 0.33 0.33 0.34 0.30 0.29 0.30

15.5%(1.16E+07 1.21E+07 1.28E+07 1.10E+07 1.05E+07 9.60E+06 15.5% 0.32 0.32 0.33 0.29 0.28 0.29

15.0%|(1.14E+07 1.16E+07|1.23E+07 1.07E+07 | 1.02E+07|9.31E+06 15.0% 0.31 0.31 0.32 0.28 0.28 0.28

14.5%(1.10E+07 1.13E+07 1.18E+07 1.04E+07 9.83E+06 8.97E+06 14.5% 0.30 0.30 0.31 0.28 0.27 0.27

14.0%(1.07E+07 1.08E+07|1.13E+07 1.00E+07 | 9.50E+06|8.74E+06 14.0% 0.29 0.29 0.29 0.26 0.26 0.26

13.5%(1.04E+07 1.04E+07 1.09E+07 9.65E+06 9.17E+06 8.50E+06 13.5% 0.29 0.28 0.28 0.25 0.25 0.26

13.0%(1.01E+07 1.00E+07|1.05E+07 9.30E+06| 8.85E+06| 8.23E+06 13.0% 0.28 0.27 0.27 0.24 0.24 0.25

12.5%(9.79E+06 9.68E+06 1.02E+07 8.99E+06 8.55E+06 7.95E+06 12.5% 0.27 0.26 0.26 0.24 0.23 0.24

12.0%|(9.46E+06 9.32E+06|9.76E+06 8.56E+06| 8.25E+06| 7.58E+06 12.0% 0.26 0.25 0.25 0.23 0.22 0.23

11.5%(9.12E+06 8.88E+06 9.34E+06 8.27E+06 7.93E+06 7.37E+06 11.5% 0.25 0.24 0.24 0.22 0.22 0.22

11.0%|(8.73E+06 8.56E+06|8.94E+06 7.85E+06| 7.71E+06| 7.04E+06 11.0% 0.24 0.23 0.23 0.21 0.21 0.21

10.5%( 8.48E+06 8.19E+06 8.57E+06 7.46E+06 7.48E+06 6.84E+06 10.5% 0.23 0.22 0.22 0.20 0.20 0.21

10.0%|( 8.18E+06 7.83E+06|8.15E+06 7.09E+06| 7.27E+06 | 6.47E+06 10.0% 0.23 0.21 0.21 0.19 0.20 0.19

9.5%]|7.87E+06 7.59E+06| 7.86E+06 | 6.81E+06 6.89E+06  6.24E+06 9.5% 0.22 0.20 0.20 0.18 0.19 0.19

9.0%|7.53E+06 7.34E+06 7.46E+06 6.58E+06 6.57E+06 5.98E+06 9.0% 0.21 0.20 0.19 0.17 0.18 0.18

8.5%|7.18E+06| 7.00E+06 | 7.05E+06| 6.29E+06 6.25E+06 | 5.72E+06 8.5% 0.20 0.19 0.18 0.17 0.17 0.17

8.0%|6.89E+06 6.66E+06 6.75E+06 6.02E+06 5.83E+06 5.50E+06 8.0% 0.19 0.18 0.17 0.16 0.16 0.17

7.5%)|6.61E+06 6.49E+06| 6.28E+06 | 5.69E+06 5.55E+06| 5.24E+06 7.5% 0.18 0.17 0.16 0.15 0.15 0.16

7.0%|6.27E+06 6.11E+06| 6.00E+06 5.46E+06 5.28E+06 4.92E+06 7.0% 0.17 0.16 0.16 0.14 0.14 0.15

6.5%]| 6.00E+06 5.77E+06| 5.63E+06 | 5.16E+06 4.99E+06| 4.60E+06 6.5% 0.17 0.15 0.15 0.14 0.14 0.14

6.0%|5.60E+06 5.42E+06| 5.32E+06 4.78E+06 4.69E+06 4.25E+06 6.0% 0.15 0.14 0.14 0.13 0.13 0.13

5.5%|5.29E+06 5.19E+06 | 5.00E+06 | 4.42E+06 4.22E+06| 3.99E+06 5.5% 0.15 0.14 0.13 0.12 0.11 0.12

5.0%|4.94E+06 4.80E+06 4.62E+06 4.15E+06 3.95E+06 3.67E+06 5.0% 0.14 0.13 0.12 0.11 0.11 0.11

4.5%|4.51E+06 | 4.33E+06 | 4.21E+06| 3.78E+06 3.51E+06  3.31E+06 4.5% 0.12 0.12 0.11 0.10 0.10 0.10

4.0%|4.13E+06 3.99E+06 3.67E+06 3.39E+06 3.12E+06 2.91E+06 4.0% 0.11 0.11 0.10 0.09 0.08 0.09

3.5%]|3.69E+06 | 3.53E+06 | 3.19E+06| 3.01E+06 2.80E+06 2.51E+06 3.5% 0.10 0.09 0.08 0.08 0.08 0.08

3.0%| 3.32E+06 2.99E+06 2.76E+06 2.67E+06 2.45E+06 2.11E+06 3.0% 0.09 0.08 0.07 0.07 0.07 0.06

2.5%]|2.84E+06 2.62E+06| 2.36E+06| 2.29E+06 2.16E+06| 1.79E+06 2.5% 0.08 0.07 0.06 0.06 0.06 0.05

2.0%|2.42E+06 2.23E+06| 2.01E+06 2.01E+06 1.82E+06 1.60E+06 2.0% 0.07 0.06 0.05 0.05 0.05 0.05

1.5%]|1.93E+06 1.87E+06| 1.53E+06| 1.57E+06 1.30E+06| 1.27E+06 1.5% 0.05 0.05 0.04 0.04 0.04 0.04

1.0%|1.63E+06 1.45E+06| 1.23E+06 1.16E+06 9.65E+05| 9.77E+05 1.0% 0.04 0.04 0.03 0.03 0.03 0.03

0.5%] 1.20E+06| 1.05E+06 | 6.84E+05| 8.47E+05 6.08E+05| 6.00E+05 0.5% 0.03 0.03 0.02 0.02 0.02 0.02

0.0%|4.76E+05| 1.66E+05| 6.38E+04| 1.86E+05 8.62E+04 | 8.96E+04 0.0% 0.01 0.00 0.00 0.00 0.00 0.00







Scaled orbital fluence F,(>E)/Ave(F(>E)

Orbit-orbit fluence variations during first 20 radiation-belt transits
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Per-orbit AP8-MAX Integral fluence G(t; >E) scaled to average of first 20 orbits
Orb#|t-t, [d] [Configuration | 0.1 015 02 03 | 04 05 06 0.7 1 15 2 3 4 5 6 7 10
1| 3.2|ACIS-S#1 1.00 101 1.02 1.04 105 107 108 1.09 1.13 117 117 115 1.10 1.08 1.06/ 1.02 0.95
2| 5.9|ACIS-S #2 132 136 140 1.46 151 156 161 164 174 185 193 199 202 203 204 205 203
3| 8.5|Safe 0.62/ 0.58 053 047 041 036 031 0.27 017 0.09 0.05 0.02 0.01 0.00 0.00 0.00 0.00
4 11.1|ACIS-S #3 1.09 111 1.13 1.16/ 1.19| 123 126 129 138 150 159 166 1.69 172 173 174 174
5[ 13.8|ACIS-I #4 123 125 127 130 132 134 136 137 140 140 138 131 1.23 1.19 115 110 1.01
6| 16.4|ACIS-I #5 0.62| 0.57 0.53| 046 041 035 030 0.27/ 018 0.10 0.05/ 0.02 0.01/ 0.01 0.00 0.00 0.00
7| 19.1|HETG/ACIS-S| 1.19 122 125 130 134 139 143 147 159 175 189 201 209 213 217 220 2.25
8| 21.7|HRC-I 111 111 1.11 1.10 1.10/ 109 1.07 1.06 1.01 092 081 0.69 057 051 045 040 0.31
9| 24.4|HRC-I 0.65/ 0.61 057/ 051 046 041 036 033 023 0.15 0.09 0.05 0.03) 0.02 0.01 0.01 0.00
10[ 27.0[|HRC-S 131 135 1.40 1.46 153 159 166 1.71 187 208 229 250 269 280 290 298 3.19
11| 29.6|ACIS-I #6 0.99 0.97 095 092 089 086 082 079 070 057 045 0.33 0.24/ 019 0.15 0.13 0.08
12| 32.3|ACIS-S #7 0.68/ 0.64/ 0.60/ 055 0.51 047 043 039 031 0.21 0.15 0.09 0.05| 0.04 0.03 0.02 0.01
13| 34.9|ACIS-S #8 144 150 155 163 171 178 1.85 191 206 225 241 258 274 280 286 292 3.04
14| 37.6|HETG/ACIS-S| 0.84 081 0.77 0.73 0.69 0.64 060 056 045 0.32 0.23 0.14 0.09 0.06 0.05 0.04 0.02
15[ 40.2({HRC-S 0.75 0.73/ 0.70/ 0.67 0.64 0.61 058 055 048 0.38 0.29 0.21 0.14 0.11 0.09 0.07 0.04
16 42.8 151 157 164 172 180 188 196 202 216 232 243 258 271 276 280 285 291
17 455 0.70/ 0.66/ 0.62| 056 051 045 040 0.36/ 0.26 0.16/ 0.09] 0.05 0.02 0.01 0.01 0.01 0.00
18| 48.2 0.81 0.80 0.78/ 0.76/ 0.74 0.73 0.71 069 064 055 0.46 0.36/ 0.28/ 0.23 0.19 0.17 0.11
19( 50.8 150 156 1.62 170 177/ 184 190 195 206 214 218 225 229 230 230 230 228
20| 53.4 0.63 0.58 0.54| 048 0.42 036 031 0.27 018 0.10 0.05/ 0.02 0.01/ 0.00 0.00 0.00 0.00






Cumulative

AP8-MAX Integral fluence G(t; >E) [p/(cm?)

Orb#

t-to [d]

0.10

0.15

0.20

0.30

0.40

0.50

0.60

0.70

1.00

1.50

2.00

3.00

4.00

5.00

6.00

7.00

10.00

0.5

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

4.68E-06

3.2

1.64E+12

1.28E+12

1.02E+12

6.85E+11

4.68E+11

3.31E+11

2.36E+11

1.74E+11

7.25E+10

1.95E+10

5.49E+09

1.03E+09

2.02E+08

7.25E+07

2.62E+07

1.26E+07

2.02E+06

5.9

3.79E+12

3.01E+12

2.42E+12

1.65E+12

1.14E+12

8.15E+11

5.88E+11

4.34E+11

1.84E+11

5.03E+10

1.45E+10

2.83E+09

5.75E+08

2.10E+08

7.71E+07

3.79E+07

6.32E+06

8.5

4.81E+12

3.75E+12

2.95E+12

1.96E+12

1.32E+12

9.25E+11

6.55E+11

4.76E+11

1.95E+11

5.19E+10

1.47E+10

2.85E+09

5.76E+08

2.10E+08

7.71E+07

3.79E+07

6.32E+06

11.1

6.59E+12

5.15E+12

4.08E+12

2.73E+12

1.86E+12

1.31E+12

9.30E+11

6.81E+11

2.83E+11

7.69E+10

2.22E+10

4.34E+09

8.89E+08

3.25E+08

1.20E+08

5.94E+07

1.00E+07

13.8

8.50E+12

6.74E+12

5.34E+12

3.59E+12

2.44E+12

1.72E+12

1.23E+12

8.98E+11

3.72E+11

1.00E+11

2.86E+10

5.53E+09

1.12E+09

4.06E+08

1.49E+08

7.30E+07

1.21E+07

16.4

9.60E+12

7.47E+12

5.87E+12

3.89E+12

2.63E+12

1.83E+12

1.29E+12

9.40E+11

3.84E+11

1.02E+11

2.89E+10

5.55E+09

1.12E+09

4.06E+08

1.49E+08

7.31E+07

1.21E+07

19.1

1.15E+13

9.02E+12

7.12E+12

4.75E+12

3.22E+12

2.26E+12

1.61E+12

1.17E+12

4.85E+11

1.31E+11

3.77E+10

7.36E+09

1.50E+09

5.50E+08

2.03E+08

1.00E+08

1.69E+07

QONOO TS WNEO

21.7

1.34E+13

1.04E+13

8.22E+12

5.48E+12

3.71E+12

2.60E+12

1.84E+12

1.34E+12

5.50E+11

1.47E+11

4.15E+10

7.98E+09

1.61E+09

5.84E+08

2.14E+08

1.05E+08

1.76E+07

24.4

1.44E+13

1.12E+13

8.78E+12

5.82E+12

3.92E+12

2.72E+12

1.92E+12

1.39E+12

5.65E+11

1.49E+11

4.19E+10

8.02E+09

1.61E+09

5.85E+08

2.14E+08

1.05E+08

1.76E+07

27.0

1.66E+13

1.29E+13

1.02E+13

6.78E+12

4.60E+12

3.22E+12

2.28E+12

1.66E+12

6.85E+11

1.84E+11

5.26E+10

1.03E+10

2.11E+09

7.73E+08

2.86E+08

1.42E+08

2.43E+07

29.6

1.82E+13

1.41E+13

1.11E+13

7.39E+12

4.99E+12

3.48E+12

2.46E+12

1.79E+12

7.29E+11

1.93E+11

5.47E+10

1.06E+10

2.15E+09

7.86E+08

2.90E+08

1.44E+08

2.45E+07

32.3

1.93E+13

1.49E+13

1.17E+13

7.76E+12

5.22E+12

3.63E+12

2.56E+12

1.85E+12

7.49E+11

1.97E+11

5.54E+10

1.07E+10

2.16E+09

7.89E+08

2.91E+08

1.44E+08

2.45E+07

34.9

2.16E+13

1.68E+13

1.33E+13

8.84E+12

5.98E+12

4.18E+12

2.96E+12

2.16E+12

8.81E+11

2.34E+11

6.66E+10

1.30E+10

2.67E+09

9.78E+08

3.62E+08

1.80E+08

3.10E+07

37.6

2.30E+13

1.79E+13

1.40E+13

9.32E+12

6.29E+12

4.38E+12

3.09E+12

2.24E+12

9.10E+11

2.40E+11

6.77E+10

1.31E+10

2.68E+09

9.82E+08

3.63E+08

1.81E+08

3.10E+07

40.2

2.42E+13

1.88E+13

1.47E+13

9.76E+12

6.57E+12

4.57E+12

3.22E+12

2.33E+12

9.40E+11

2.46E+11

6.90E+10

1.33E+10

2.71E+09

9.89E+08

3.65E+08

1.81E+08

3.11E+07

16

42.8

2.67E+13

2.08E+13

1.64E+13

1.09E+13

7.37E+12

5.15E+12

3.65E+12

2.65E+12

1.08E+12

2.85E+11

8.04E+10

1.56E+10

3.21E+09

1.18E+09

4.35E+08

2.17E+08

3.73E+07

17

45.5

2.78E+13

2.16E+13

1.70E+13

1.13E+13

7.60E+12

5.29E+12

3.73E+12

2.71E+12

1.10E+12

2.87E+11

8.08E+10

1.57E+10

3.22E+09

1.18E+09

4.35E+08

2.17E+08

3.73E+07

18

48.2

2.92E+13

2.26E+13

1.78E+13

1.18E+13

7.93E+12

5.52E+12

3.89E+12

2.82E+12

1.14E+12

2.97E+11

8.30E+10

1.60E+10

3.27E+09

1.19E+09

4.40E+08

2.19E+08

3.75E+07

19

50.8

3.16E+13

2.46E+13

1.94E+13

1.29E+13

8.72E+12

6.09E+12

4.30E+12

3.13E+12

1.27E+12

3.32E+11

9.32E+10

1.80E+10

3.69E+09

1.35E+09

4.97E+08

2.47E+08

4.24E+07

20

53.4

3.26E+13

2.54E+13

1.99E+13

1.32E+13

8.90E+12

6.20E+12

4.37E+12

3.17E+12

1.28E+12

3.34E+11

9.34E+10

1.80E+10

3.69E+09

1.35E+09

4.98E+08

2.47E+08

4.24E+07

Per-orbit

AP8-MAX Integral fluence G(t; >E) [p/(cmz)

Orb#

t-to [d]

0.1

0.15

0.2

0.3

0.4

0.5

0.6

0.7

1

15

2

3

4

5

6

7

10

3.2

1.64E+12

1.28E+12

1.02E+12

6.85E+11

4.68E+11

3.31E+11

2.36E+11

1.74E+11

7.25E+10

1.95E+10

5.49E+09

1.03E+09

2.02E+08

7.25E+07

2.62E+07

1.26E+07

2.02E+06

5.9

2.16E+12

1.73E+12

1.40E+12

9.65E+11

6.73E+11

4.84E+11

3.51E+11

2.61E+11

1.11E+11

3.08E+10

9.01E+09

1.79E+09

3.72E+08

1.37E+08

5.08E+07

2.53E+07

4.30E+06

8.5

1.02E+12

7.33E+11

5.33E+11

3.10E+11

1.83E+11

1.10E+11

6.68E+10

4.21E+10

1.12E+10

1.57E+09

2.30E+08

1.86E+07

1.55E+06

3.12E+05

6.47E+04

1.73E+04

2.28E-05

11.1

1.78E+12

1.41E+12

1.13E+12

7.67E+11

5.31E+11

3.80E+11

2.75E+11

2.04E+11

8.81E+10

2.50E+10

7.45E+09

1.50E+09

3.13E+08

1.16E+08

4.30E+07

2.15E+07

3.69E+06

13.8

2.00E+12

1.59E+12

1.27E+12

8.59E+11

5.89E+11

4.17E+11

2.97E+11

2.18E+11

8.94E+10

2.34E+10

6.44E+09

1.18E+09

2.26E+08

8.01E+07

2.86E+07

1.36E+07

2.13E+06

16.4

1.01E+12

7.25E+11

5.27E+11

3.06E+11

1.81E+11

1.09E+11

6.65E+10

4.21E+10

1.13E+10

1.63E+09

2.47E+08

2.13E+07

1.93E+06

4.11E+05

9.00E+04

2.50E+04

2.28E-05

19.1

1.94E+12

1.55E+12

1.25E+12

8.58E+11

5.98E+11

4.31E+11

3.13E+11

2.33E+11

1.02E+11

2.93E+10

8.84E+09

1.81E+09

3.86E+08

1.44E+08

5.40E+07

2.72E+07

4.76E+06

21.7

1.81E+12

1.41E+12

1.10E+12

7.29E+11

4.89E+11

3.37E+11

2.34E+11

1.67E+11

6.47E+10

1.53E+10

3.80E+09

6.20E+08

1.05E+08

3.41E+07

1.12E+07

4.94E+06

6.59E+05

24.4

1.06E+12

7.71E+11

5.66E+11

3.36E+11

2.04E+11

1.26E+11

7.90E+10

5.15E+10

1.50E+10

2.46E+09

4.31E+08

4.48E+07

4.89E+06

1.18E+06

2.87E+05

1.02E+05

7.65E+03

27.0

2.13E+12

1.72E+12

1.39E+12

9.67E+11

6.80E+11

4.94E+11

3.62E+11

2.72E+11

1.19E+11

3.48E+10

1.07E+10

2.25E+09

4.97E+08

1.88E+08

7.20E+07

3.68E+07

6.77E+06

e
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29.6

1.61E+12

1.23E+12

9.42E+11

6.07E+11

3.96E+11

2.66E+11

1.80E+11

1.26E+11

4.47E+10

9.45E+09

2.09E+09

2.95E+08

4.35E+07

1.29E+07

3.85E+06

1.59E+06

1.73E+05

=
N

32.3

1.11E+12

8.12E+11

6.02E+11

3.66E+11

2.27E+11

1.45E+11

9.36E+10

6.26E+10

1.97E+10

3.58E+09

6.89E+08

8.02E+07

9.71E+06

2.50E+06

6.52E+05

2.50E+05

2.17E+04

=
W

34.9

2.35E+12

1.90E+12

1.55E+12

1.08E+12

7.60E+11

5.52E+11

4.04E+11

3.02E+11

1.32E+11

3.75E+10

1.12E+10

2.33E+09

5.05E+08

1.89E+08

7.11E+07

3.61E+07

6.45E+06

=
N

37.6

1.37E+12

1.02E+12

7.71E+11

4.83E+11

3.06E+11

1.99E+11

1.31E+11

8.83E+10

2.87E+10

5.37E+09

1.05E+09

1.26E+08

1.58E+07

4.18E+06

1.12E+06

4.34E+05

4.12E+04

=
4]

40.2

1.23E+12

9.22E+11

7.00E+11

4.40E+11

2.83E+11

1.88E+11

1.27E+11

8.78E+10

3.06E+10

6.33E+09

1.37E+09

1.87E+08

2.64E+07

7.60E+06

2.21E+06

8.99E+05

9.48E+04

=
2]

42.8

2.46E+12

2.00E+12

1.63E+12

1.14E+12

8.03E+11

5.84E+11

4.28E+11

3.20E+11

1.38E+11

3.87E+10

1.13E+10

2.33E+09

5.01E+08

1.86E+08

6.97E+07

3.52E+07

6.17E+06

=
~

45.5

1.15E+12

8.40E+11

6.19E+11

3.71E+11

2.26E+11

1.40E+11

8.78E+10

5.73E+10

1.66E+10

2.63E+09

4.39E+08

4.25E+07

4.30E+06

9.83E+05

2.28E+05

7.29E+04

3.97E+03

18

48.2

1.33E+12

1.01E+12

7.81E+11

5.03E+11

3.31E+11

2.25E+11

1.55E+11

1.10E+11

4.11E+10

9.25E+09

2.17E+09

3.27E+08

5.11E+07

1.57E+07

4.84E+06

2.04E+06

2.39E+05

19

50.8

2.45E+12

1.98E+12

1.62E+12

1.12E+12

7.88E+11

5.70E+11

4.16E+11

3.09E+11

1.31E+11

3.58E+10

1.02E+10

2.03E+09

4.23E+08

1.55E+08

5.73E+07

2.84E+07

4.83E+06

20

53.4

1.03E+12

7.41E+11

5.40E+11

3.15E+11

1.86E+11

1.12E+11

6.85E+10

4.33E+10

1.16E+10

1.62E+09

2.38E+08

1.94E+07

1.64E+06

3.32E+05

6.95E+04

1.75E+04

1.80E-05

Average

1.63E+12

1.27E+12

9.96E+11

6.60E+11

4.45E+11

3.10E+11

2.19E+11

1.59E+11

6.40E+10

1.67E+10

4.67E+09

9.02E+08

1.85E+08

6.74E+07

2.49E+07

1.24E+07

2.12E+06

Std Dev

5.12E+11

4.48E+11

3.90E+11

2.95E+11

2.21E+11

1.69E+11

1.29E+11

9.96E+10

4.64E+10

1.39E+10

4.29E+09

9.07E+08

1.98E+08

7.44E+07

2.81E+07

1.43E+07

2.54E+06

Maximum

2.46E+12

2.00E+12

1.63E+12

1.14E+12

8.03E+11

5.84E+11

4.28E+11

3.20E+11

1.38E+11

3.87E+10

1.13E+10

2.33E+09

5.05E+08

1.89E+08

7.20E+07

3.68E+07

6.77E+06

Minimum

1.01E+12

7.25E+11

5.27E+11

3.06E+11

1.81E+11

1.09E+11

6.65E+10

4.21E+10

1.12E+10

1.57E+09

2.30E+08

1.86E+07

1.55E+06

3.12E+05

6.47E+04

1.73E+04

1.80E-05

Stdev/Ave

0.31

0.35

0.39

0.45

0.50

0.55

0.59

0.63

0.73

0.83

0.92

1.01

1.07

1.10

1.13

1.15

1.20

Max/Ave

151

1.57

1.64

1.72

1.80

1.88

1.96

2.02

2.16

2.32

2.43

2.58

2.74

2.80

2.90

2.98

3.19

Min/Ave

0.62

0.57

0.53

0.46

0.41

0.35

0.30

0.27

0.17

0.09

0.05

0.02

0.01

0.00

0.00

0.00

0.00

ACIS-in 1-6

1.70E+12

1.33E+12

1.05E+12

6.98E+11

4.73E+11

3.31E+11

2.34E+11

1.71E+11

6.95E+10

1.83E+10

5.12E+09

9.71E+08

1.93E+08

6.97E+07

2.54E+07

1.24E+07

2.05E+06

ACIS-in 7

1.11E+12

8.12E+11

6.02E+11

3.66E+11

2.27E+11

1.45E+11

9.36E+10

6.26E+10

1.97E+10

3.58E+09

6.89E+08

8.02E+07

9.71E+06

2.50E+06

6.52E+05

2.50E+05

2.17E+04

#7/Ave(1-6)

0.65

0.61

0.58

0.52

0.48

0.44

0.40

0.37

0.28

0.20

0.13

0.08

0.05

0.04

0.03

0.02

0.01






