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remains in the CIR-associated storms because of the
small number of events. The recovery of the averaged
flux is faster and stronger in CIR-storms. A two-step
evolution of the flux enhancement may be found in the
recovery trends of the averaged flux in both cases. In
CME-associated storms, the averaged flux recovers to the
prestorm level from t = 0.5 to 2.5 days, and there is only a
small evolution in the averaged flux after t = 2.5 days. On
the other hand, in CIR-associated storms, the averaged
flux rapidly recovers to the prestorm level from t = 0.5 to
1.5 days, and gradually enhances to the 103 pfu (pfu =
particles cm!2 s!1 sr!1) level from t = 1.5 to 3.5 days.
[19] Radiation belt electrons can be monitored over a

wide range of L value by the low-altitude NOAA/POES
satellites. We used NOAA 12 and 15 satellites, orbiting
0730--1930 local time, which produce the data before and
after 1 July 1998, respectively.Weused the 90! and >300 keV
electron detectors which mostly measure local mirroring
electrons [Evans and Greer, 2000]. Figure 6 shows the super-
posed L ! t diagrams of radiation belt electrons for CME-
andCIR-associated storms, respectively. Again, we average
the flux after taking the logarithm. Note that the L value in
this study isMcIlwain’s L derived from IGRF (seeMiyoshi et
al. [2003] for details of our NOAA data analysis). Since the
>300 keV electron detector is also sensitive to >440 keV
protons [see Evans and Greer, 2000], a small flux enhance-
ment due to the solar proton contamination can be found
just after the shock arrival, particularly at L > 6.0. From an
examination of the 240--800 keV ion measurement by the
sameNOAAsatellites,we further confirmed that theproton

contamination does not affect other results in this paper. In
CME-associated storms, around the Dst minimum at t =
0.5 day, the flux enhancement takes place at L = 3.5. In
CIR-associated storms, around the Dst minimum at t =
0.3 day, the flux enhancement takes place at L = 3.5--4.0.
The radial expansion speed of the outer belt is faster
and the generated flux during the recovery phase is
much larger in CIR-associated storms than those of
CME-associated storms.
[20] The criterion used at NOAA/SEC for the electron

flux alert is >103 pfu of GOES >2.0 MeV flux. For a space
weather application, the superposed epoch analysis in this
study gives some clues about when and how often the
electron flux exceeds the alert level after shock/stream
interface arrivals. Figure 7 shows the occurrence proba-
bility of the electron flux alert using daily maximum flux.
The occurrence probability 1 day after the shock is only
14% (7 of 49 events) and smaller than the prestorm level,
while the probability 4 days after the shock increases to
43% (21 of 49 events) and larger than the prestorm level. In
CIR-associated storms, it is 83% (5 of 6 events) 1 day after
the interface arrival and remains at that level for at least
4 days. Note that the occurrence probabilities derived in
this study are only applicable to the subset of events
with Dst < !100 nT, and not to any shocks or stream
interfaces.
[21] The occurrence probability is higher in CIR-

associated storms even before the stream interface arrival
because the solar cycle dependence of the background
electron flux at geosynchronous orbit leads to a significantly

Figure 5. Averaged log10 flux of >2.0 MeV electrons measured by the GOES satellites superposed
about shocks and stream interfaces during (left) CME- and (right) CIR-associated storms,
respectively. Averaged Dst is also shown in the bottom plots. The gray region indicates the
standard deviation.
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Figure 6—Internal Charging, Illustrated 
 
4.1.3 Charge Deposition   

 
The first step in analyzing a design for the internal charging threat is to determine the charge 
deposition inside the spacecraft.  It is important to know the amount of charge deposited in or on a 
given material, as well as the deposition rate, as these determine the distribution of the charge and 
hence the local electric fields.  An electrical breakdown (discharge) will occur when the local 
electric field exceeds the dielectric strength of the material or between dissimilar surfaces with a 
critical potential difference.  The actual breakdown can be triggered by a variety of mechanisms 
including the plasma cloud associated with a micrometeoroid or space debris impact.  The 
amplitude and duration of the resulting pulse are dependent on the charge deposited.  These values 
in turn determine how much damage may be done to spacecraft circuitry. 
 
Charge deposition is not only a function of the spacecraft configuration but also of the external 
electron spectrum.  Given an electron spectrum and an estimate of the exterior shielding, the 
penetration depth versus the energy chart (figure 5) permits an estimate of electron deposition as a 
function of depth for any given equivalent thickness of aluminum, from which the likelihood of a 
discharge can be predicted. Because of complexities including hardware geometries, however, it is 
normally better to run an electron penetration or radiation shielding code to more accurately 
determine the charge deposited at a given material element within a spacecraft.  Appendix B lists 
some environment and penetration codes. 
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1 �� �	��
����>2 MeV��24��
�	��� 3.8 x 107 [/cm2 sr] �

2 ���� �	��
����>2 MeV��24��
�	��� 3.8 x 107�� 3.8 x 108 [/cm2 sr] �

3 �� �	��
��� (>2 MeV)�24��
�	��� 3.8 x 108�� 3.8 x 109 [/cm2 sr] �

4 ����� �	��
��� (>2 MeV)�24��
�	��� 3.8 x 109 [/cm2 sr] ��
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