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Abstract. We analyze a bunch of storms occurred in 2000-2001 trying to find out what the condition parameters
are most relevant to the output of storm-generated relativistic electrons.  Most of the analysis is made for the geo-
synchronous orbit (GOES) although the deeper L-shells (L~4) are concerned too with involving the Polar data. It is
shown that neither storm amplitude (|Dst|max) nor solar wind speed do not separately determine the storm-relevant
output of relativistic electrons at the geosynchronous altitudes, while for the highest manifestation of this effect (in-
tensity of 2 MeV electrons is >104 1/cm2_s_sr) two factors are found to be a must: the high level of substorm activ -
ity at the recovery phase and the high-speed solar wind.  It is also shown that the storm-time relativistic electrons
intensity may grow in the inner magnetosphere on the storm  recovery phase while their intensity  at geostationary
orbit remains under the prestorm level. This reveals that the mechanisms of a relativistic electron generation in the
inner and outer L-shells may differ somehow.  All the complexity of the discussed phenomena underlines the im-
portance of the few known magnetospheric laws such as the empirical formula binding the strength of a storm
|Dst|max with an L-position of the peak of storm-injected relativistic electrons.  Application of this relation to the
predicting the storm-time ring-current ion pressure, made under certain assumptions, is illustrated.

Introduction

Last years, relativistic electrons became an issue
of high interests of spacephysicists (Baker et al., 1997;
Reeves, 1998; Tverskaya, 1998; Li et al., 1999; Iva-
nova et al, 2000; Blake et al, 2001; Tverskaya et al.,
2002); in most it is because of the pronounced impact
of the effect onto space weather.

One earliest idea on the storm-time appearance of
the MeV electrons in the inner magnetosphere is a
betatron acceleration of the plasmasheet electrons
during the dipolarisation process on the main phase of
a storm (Tverskoy, 1969) with additional adiabatic
acceleration on the recovery phase (Vakulov et al.,
1975).

Next approach was inferred by a series of inten-
sive measurements in the geosynchronous orbit: rela-
tivistic electron enhancements there develop during
several days and well correlate with the solar wind
velocity (Paulikas and Blake, 1979).  Basing on this
Baker et al. (1979) concluded the recirculation
mechanism (Nishida, 1976) to be essentially responsi-
ble for the strong electron acceleration.

However recently has been found an appearance
of high-energy electrons at the inner L-shells (L=3-4)
just on a one-hour time scale during the storm maxi-
mum (Tverskaya, 1998, 2000; Li et al., 1999).  Just
within this period the westward electrojet moves to its
lowest L-position at which a peak of the storm in -
jected belt of relativistic electrons finally occurs.
Such results were accompanied with the development
of new theories explaining the electron acceleration on
the base of wave-particle interactions (Kropotkin,
1996; Summers and Ma, 2000; Bakhareva and Dmi-
triev, 2002; and refs. therein all).

Below we try to judge what factors: the magneto-
spheric or the outer space (i.e. of solar wind) ones are

most effective for the controlling the storm-time elec-
tron acceleration.

Observations

We analyze the public-domain data from GOES,
IMP, Wind, ACE, the previously published data from
Polar, and the indices Dst, AE, AU, AL.

Figure 1, compiled from (Tverskaya et al., 2002,
in press), shows such a different behavior of the 2
MeV electrons in the inner (Polar) and outer (GOES)
L-shells as a depressed intensity on GOES and an in-
creased intensity on Polar, seen soon after a storm
maximized on 1 October; intensities at L-peak along
Polar orbit (Max. flux) are the focus.  Note the abrupt
turning of Bz northward on 1 October with its further
remaining at about +10 nT for a day.  An almost com-
plete absence of substorm activity in this period is
more a noticeable feature.

Figure 2 shows the event of the same Dst-scale
yielding a pronounced enhancement of relativistic
electrons on GOES (Polar data is unavailable here and
forth).  The conditions differ in that the substorm ac-
tivity while the storm recovery is high and Bz corre-
spondingly flutters.

Figure 3 and 4 present two superstorms with the
similar peak-Dst magnitude and with the similar-scale
high-speed solar wind (at the recovery phase at least).
Although the relativistic electron outputs on GOES
very differ from each other in these cases: 06 Novem-
ber is followed by a strong electron enhancement and
24 November is followed by a prolonged relativistic
electron depression.  Noticeable difference is again in
the substorm activity on the recovery phase: it is high
in Figure 3 and extremely low in Figure 4.
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Discussion and Conclusions

Given figures present only a part of the analyzed
cases; actually whole period 2000-2001 has been cov-
ered.  More results (of the GOES data analysis) are as
follows.

A view against solar wind speed:
• 11 events with high-speed solar wind (Vsw>500

km/s) and no after-storm enhancement of relativ -
istic electrons are observed.  All these cases were
with low substorm activity during the recovery
phase.  These storms occur to represent the range
|Dst|max=65-237 nT;

• 4 storms with Vsw<450 km/s, within the range
|Dst|max=30-100 nT, occur to happen with large
(one order of magnitude and more) enhancement
of relativistic electron intensity after a storm.  All
these events exhibited high substorm activity on
the recovery phase.
Resume: solar wind speed is not the sole factor

determining an expected electron intensity level after a
storm.

A view on the strongest storms (|Dst|max>200
nT):
• 6 strong storms are found in total;
• 2 cases of overall 6 showed depression of the

relativistic electron intensity after a storm;

Fig. 1.  An example of an injection of electrons Ee~2
MeV during a moderate storm of |Dst|max= 98 nT as
measured on POLAR and GOES.  From the top: Z-
component of the interplanetary magnetic field; solar
wind density and bulk speed  (WIND and IMP); AE;
Dst; GOES-9: intensity of 2 MeV electrons; POLAR:
peak countrate and L-position of an electron peak, B is
shadow coded.

Fig. 2.  The same as in Figure 1 but without Polar data; for
January 2000.  GOES-10 is used instead of GOES-9.
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• 1 case showed a high-amplitude (>104

1/cm2_s_sr) enhancement;
• other strong storms showed intermediate cases.

Resume: storm amplitude does not solely deter-
mine a value of the output of relativistic electrons after
a storm.  This is consistent with the result reported in
(Reeves, 1998).

A view on the strongest outputs of relativistic
electrons:
• 9 event with relativistic electron intensity >104

1/cm2_s_sr are found in total; |Dst|max range is
27-256 nT;

• in all these cases solar wind velocity was high, i.e.
Vsw>600 km/s;

• in all these cases high level of substorm activity
during the recovery phase was observed.
Resume: high substorm activity on storm recov-

ery phase is a demanded attribute of the high intensity

of relativistic electrons after a storm, and high solar
wind velocity is a necessary factor for the strongest
storm-output of relativistic electrons.

Figure 1 reveals that relativistic electrons may
appear on the inner L-shells (Lmax = 4) without an ac-
companiment on the outer L-shells.  What mechanism
may supply this “inner” appearance?  Is this mecha-
nism the same as acts for the outer L-shells?  Probably
is not.

The above discussion shows how complicated
could be the parametrisation of the relativistic electron
output generated in a storm.  Several players partici-
pate in this phenomenon.  For a successful analyses it
is important to find out some basic relationships, like a
formula established in (Tverskaya, 1986):

|Dst|max=2.75 · 104/L4
max

This formula binds the strength of a storm
|Dst|max and an L-position of the peak of storm-
injected relativistic electrons.  The formula may be
used to derive some quantitative characteristics of the
inner magnetospheric domain such as the lowest-
latitude storm-time position of the westward electrojet
(Tverskaya, 1986, 1998; Khorosheva, 1987) and the

Fig. 3.  The same as in Figure 2 but AU, AL are given in-
stead of AE.  Storm of 5th November 2001.  A gap in
GOES data with the following peak are an instrumental
effect of solar proton contamination.  The flat-low solar-
wind speed near the storm maximum is probably an instru-
mental effect too.

Fig. 4.  The same as in Figure 3, including the notes on the
instrumental effect suspected.  Storm of 24th November
2001.
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Fig. 5.  Ion pressure distributions along L are plotted for a
ring current convectively driven into the inner magneto-
sphere during a storm.  The symmetric current is assumed.
The formula is used under an assumption L(Pmax)=Lmax,
i.e. an L-position of the maximum pressure at the storm
maximum is stated to be equal to the L-position of a peak of
the storm-injected belt of relativistic electrons.  Lmax of 3
through 4.5 present four storm magnitudes: |Dst|max of 300
through 70 nT.

ion pressure of a symmetrised ring-current (Tverskoy,
1997); the latter is illustrated in Figure 5.
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