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Abstract. The relativistic electron response in the outer radi- storm and the minimund,, was also found to be fairly poor.
ation belt during magnetic storms has been studied in relatiomhus, a magnetic storm appears to be a necessary, though not
to solar wind and geomagnetic parameters during the first sixa sufficient, condition for relativistic electron flux enhance-
months of 1995, a period in which there were a number ofments at geostationary orbit. Some additional condition re-
recurrent fast solar wind streams. The relativistic electronlating to the magnetosphere or the solar wind must also be
population was measured by instruments on board the twanvolved. The relationship between relativistic electron flux
microsatellites, STRV-1a and STRV-1b, which traversed theenhancements and increases in the solar wind speed was first
radiation belt four times per day froth ~1 out toL ~7 reported by Williams and Smith (1965) and Williams (1966)
on highly elliptical, near-equatorial orbits. Variations in the and later by Paulikas and Blake (1979). In a further study,
E > 750keV andE > 1MeV electrons during the main Blake et al. (1997) correlated changes in the relativistic elec-
phase and recovery phase of 17 magnetic storms have bedron population with the up-stream solar wind conditions and
compared with the solar wind speed, interplanetary magnetidound that “a large relativistic electron enhancement depends
field z-componentB;, the solar wind dynamic pressure and upon a substantial solar wind speed increase associated with
Dy,*. Three different types of electron responses are identi-a precursor solar wind density enhancement, and, in particu-
fied, with outcomes that strongly depend on the solar windlar, upon a southward turning of the interplanetary magnetic
speed and interplanetary magnetic field orientation duringfield”. Here, we perform a detailed study of 17 magnetic
the magnetic storm recovery phase. Observations also corstorms in which we relate the relativistic electron response to
firm that the L-shell, at which the peak enhancement in thethe solar wind conditions throughout each event. Our study
electron count rate occurs has a dependenclgh shows that the behaviour of the relativistic electron popu-
lation can take three distinctly different forms, which are
ngrongly correlated with the solar wind conditions during the
storm recovery phase.

Key words. Magnetospheric physics (energetic particles,
trapped; storms and substorms) — Space plasma physi
(charged particle motion and accelerations)

. 2 Instrumentation
1 Introduction
Our measurements of the relativistic electron population
were made by instruments aboard the two microsatel-

during magnetic storms is not well understood (e.g. Li and“tes’ Space Technology Research Vehicle-1a (STRV-1a) and

Temerin, 2001). Reeves (1998) examined the reIationshipSTR\t/'i_b' Thefe UI? spatl:)_etcraftlv;/e‘]re Iauln;;fd _tt(l)qgether_mto
between the relativistic electron population and magneticgeos ationary transter orbit on une with a perigee

storms (defined by ) during the interval 1992-5, using a Olf. 30to km fa;j't“d:' an ngg?ié) gg?}oc;ngn/ flt'tUd de's?'g\l/n_
detector on the geosynchronous satellite 1989-046. He foun l;na |o?o d?n ape?o N t:l M ) h 19é8a argj Sent i
that although every relativistic electron flux enhancement co- continued to operate up until Marc and septem-

incided with a magnetic storm, not every storm led to an in—ber 1998’ retSpeth'jvePf/' $thwh|cth IFtO mtts n tlmz E[T]e Instru-
crease in the relativistic electron flux. In this study, the corre-MeNts were turned off. The satelites traversed the magne-

lation between the maximum electron flux during a magnetictosloherlc equatorial region about four times per day, moving
betweenL = 1.1 outtoL ~ 7. The two satellites were in

Correspondence tdR. H. A. lles (rhi@mssl.ucl.ac.uk) very similar orbits, but had slightly different speeds and thus

The dynamics of the relativistic electron populatiaf &
0.5MeV) in the Earth’s outer radiation belB < L < 7)
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varying separation. Electron count rates are obtained fronby 7(L) = C(L) x L?, where the factoi.? makes an al-
the Cold lon Detector (CID) (Papatheodorou et al., 1996) onlowance for the volume occupied between dipolar shells at
board STRV-1a and from the Radiation Environment Moni- andL + AL, as explained above. A relative measure of the
tor (REM) (Buhler et al., 1996) on board STRV-1b. The CID Total Relativistic Electron Contenfigec) in the outer radi-
instrument is a microchannel plate-based detector shieldedtion belt is then obtained for each instrument by summing
by 2 mm of aluminium giving it a minimum energy thresh- T(L) between & < L < 6.5. We have assumed that the
old of approximately 750 keV, whereas the REM instrumentmagnetic field geometry can be approximated to a symmet-
is a silicon diode detector and has a 3 mm aluminium shieldrical dipole, that the relativistic electron distribution is lon-
resulting in a higher minimum energy threshold near 1 MeV. gitudinally symmetric, that mirror point separation distances
The instruments each provide a measure of the number ofmeasured along the field line scalelasand the pitch angle
electrons above their respective energy thresholds. The Cl@istribution is isotropic. The true situation may be somewhat
has a lower energy threshold, but typically records a lowerdifferent, particularly the magnetic field geometry, but the
count rate than the REM, due to the difference in geometricweighting byL?2 is a reasonable first approximation.
factors of the two instruments. The adiabatic invariants are Figure 1 shows a comparative plotT§ec and solar wind
the natural choice of parameters with which to describe theand geomagnetic parameters. The period shown is from 1
relativistic electron population distribution. Unfortunately, January 1995 until 30 June 1995 during the declining phase
due to their fixed energy thresholds, the detectors will seeof solar cycle 22, a period characterised by recurrent high
varying proportions of the adiabatic parameter space as thgpeed solar wind streams. Figure 1 shows Wt and the
spacecraft travel around their orbits, due to the variation ofposition in L, at which the CID and the REM detected the
the local magnetic field strength around the orbit. Neverthe-maximum?7 (L) during each pass through the outer radiation
less, to a first approximation this proportion will be a time- belt. These results are compared with the solar wind veloc-
independent function af. Thus, by integrating over a range ity, the interplanetary magnetic field (IME)component and
of L(3.5 < L < 6.5), we can compare changes in the entire the solar wind dynamic pressure obtained from the WIND
relativistic electron population over time that will properly spacecraft (Ogilvie et al., 1995; Farrel et al., 1995). The solar
indicate significant enhancements or losses. The instrumenigind speed was smoothed using a Gaussian shaped boxcar
detect particles of all pitch angles, but do not resolve themaverage with a six hour window as a suitable averaging tech-
by pitch angle. nigue to reduce noise. We presdny;* (pressure corrected
Dy,;) at one-hourly values as a measure of the magnetospheric
_ response. Usin®,,* removes variations irDy, caused by
3 Observations and results magnetopause currents induced by solar wind pressure per-
turbations, thus providing a more accurate measure of the

A relative measure of the Total Relativistic Electron Content fing current. The correction is given by

(Trec) in the outer radiation belt is calculated separately for
both the CID and the REM in the rande= 3.5t0 L = 6.5 D.*—=D. —726/P

o ) = .26/ Pyyn + 11, 3
for each traverse of the radiation belts made by the satellites. o o o )

Assuming dipole field geometry and using spherical polar co-where Pyyn is the solar wind dynamic pressure (O’Brien and
ordinates, the free space volume enclosed by a given L-shefic Pherron, 2000).

is given by Figure 1 shows the variation of the relativistic electron
20 rbmaxc R population during the 17 magnetic storms. The criteria for
V= 2/ / / P2 sinfdrdfde , (1) the selection of a magnetic storm event was a mininiypt
0 JOmin Y Rmin < —40nT. In addition, we required that the,* index had

returned to~0 nT prior to the next storm onset, ensuring sep-
aration between events. Sometimes, but not always, the mag-
netic storm recovery phase is accompanied by a sustained in-
crease infrec. In order to properly compare the pre-storm
Trec With the post-stornTreg, it is necessary that the com-
parison is made when the geomagnetic field conditions in the
outer radiation belt are the same (i.e. whep* is approxi-
Venell & 5.743R8L2AL . ) mately the same), so as to rule out changges in .the measured
electron count rate due to the electrons’ adiabatic response to
To calculate a relative measure of the relativistic electronchanging geomagnetic field conditions during the storm.
content within the outer radiation belt, the count rate is ini- Over the six-month period, three different types of re-
tially binned for the CID and for the REM, as a function sponses of the relativistic electron population during a storm
of L by averaging in steps ohL = 0.2, giving C(L) for were identified. In general, all three classes of events be-
each instrument. A relative measure of the electron con-gin with an extended period of (often strong) southward IMF
tent within a notional drift shell of radius in the equatorial  that leads to the magnetic storm main phase and a rapid de-
plane and thicknesa L = 0.2, T (L), is then approximated crease inTrec above 750 keV. The differences between the

where Rmin = Ro, Rmax = LRoSi?6 and 6min = 7/2

cos 1(1/L)Y2 andfmax = /2. Inthe region B < L < 6.5

this reduces to a very good approximation o ~1.914
L3R8, (maximum error al. = 3.5 of < 5%). The volume
occupied between dipolar shellsiaandL + AL may then
be written as:
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Fig. 1. The relativistic electron response during magnetic storms is compared with solar wind and geomagnetic parameters during the first
six months of 1995. The panels sh¢a) a relative measure of the Total Relativistic Electron Cont@gie) in the range < L < 6.5,

REM (blue line), CID (green line)b) Ds,*(nT); (c) the solar wind speed (kih); (d) IMF- B,(nT); (e) the solar wind dynamic pressure
(nPa);(f) and the position of the maximuirgc(L) in the outer radiation belfL). The shaded areas define the magnetic storms studied

with the event type indicated along the top.
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Table 1. The day of year and value of thgs,* minimum for each event, together with the pre- and post-stfggc for the CID measured
at the beginning and end of each storm interval and the associated event type and cliagge in

Magnetic Dg:* Pre-Storm Post-Storm Type ATrec
storm minimum | Time TREC Time TREC (#/s)
Day of (nT) (DoY) (#/s) (DoY) (#/s)

Year (CID) (CID)

2.8 —42.3 18 [21x10°P | 99 [75x10°| 1 5.45x10°
18.3 —96.5 159 | 3.1x10° | 21.0 | 1.7x10° | 3 | —1.45x10°
30.0 —-57.7 273 | 65x10* | 372 | 1.5x106 | 1 1.39x10°
39.4 -80.7 37.2 | 1.5x10° | 417 | 31x10° | 3 | —1.14x10P
45.1 —54.2 417 | 31x10° | 489 | 1.7x10° | 1 1.34x10°
58.9 —67.7 57.1 | 6.0x10° | 633 | 1.2x106 | 1 5.50 x10°
63.9 -92.3 63.3 | 1.2x10° | 684 | 1.9x10° | 3 | —9.60x1CP
71.2 —72.8 68.4 | 2.0x10° | 76.7 | 3.4x10° | 1 3.21x108
85.7 —108.4 | 84.4 | 1.2x10° - - 2 -
92.3 —68.6 - - 935 | 3.1x10° | 3 -
97.7 —146.6 | 958 | 1.3x10° | 107.6 | 25x10° | 1 2.33x10°
114.2 —55.0 | 111.4 | 9.0x10° | 1216 | 85x10° | 2 | —5.00x10%
123.3 —59.2 | 121.6 | 85x10° | 133.0 | 2.4x10° | 1 1.50x10°
137.0 —94.0 | 133.0 | 2.4x10° | 1418 | 75x10° | 2 | —1.60x10P
144.0 —66.0 | 141.8 | 7.5x10° | 149.1 | 24x10° | 3 | —5.15x10°
152.1 —474 | 149.1 | 24x10° | 157.2 | 2.2x108 | 1 1.92x10°
169.4 —448 | 169.2 | 29x10° | 1750 | 55x10° | 1 2.60x10°

events become apparent when we consider what follows durfollowing the storm main phase, as before, however it is gen-
ing the recovery phase of the magnetic storm. We classify arally smaller and shorter-lived than for Type 1 events, in
“Type 1” event as having a post-storfRec greater than the  most cases not exceeding 500 kmt.sOnce again, the IMF
pre-stormTrec (comparing count rates measured at times of B; is either southward or fluctuating about zero during the re-
equalDy,*, before and after thé,,* minimum). Similarly, covery phase. ThEregc begins to increase during the interval

a “Type 2" event is identified by a partial recovery Gfec of raised solar wind speed during the recovery phase, but in
following the storm main phase, which does not exceed thehese cases, the findkec does not reach the pre-stoffrec
pre-stormirecvalue. The “Type 3” event is characterised by level. The outcome appears to be a lesser degree of electron
a failure of Trec to recover following the storm main phase. flux enhancementthan in Type 1 events as a result of a slower
In Fig. 1, the storm intervals are shaded grey and annotatedolar wind speed.

according to event type. The pre- and post-stdkac val- Evidence of a localised region of the great@gtc en-
ues for the CID and the REM for each event are measureq,5ncement is seen in both Type 1 and Type 2 events as a
at the beginning and end of each storm interval and are tabpey peak of the electron distribution forms in the region of
ngt_ed in Table 1 and 2, respectively, together with e L = 4510 L = 55. The location of the new peak iA(L)
minimum, event type and changeTRec. is at smallerL for storms with more negativB,,* minima —

In the nine Type 1 events an extended interval (two dayssee Fig. 2. Following th&rec enhancement the position of
or more) of persistently high solar wind speed, typically at the peak inT' (L) gradually drifts inward.

levels of greater than 500 kms is seen during the storm | the five Type 3 events, the IMF conditions leading up to
recovery phase (defined by;,*). Moreover, the IMFB, (e magnetic storm are the same as in the previous two cases,
is either predominantly southward or fluctuating about zero.y,qgt notably an extended period of (often) strong southward
During the period of fast solar wind, tt&kec enhancement |\ . that leads to the magnetic storm main phase. How-
occurs as a steady build up which apparently goes on agyer, during the magnetic storm recovery phase, the electron
long as the solar wind speed remains high and the BAF o nt rate remains low and the peak of the distribution either
is southward or at least fluctuating. stays where it is or continues to drift inwards, in contrast
In the four Type 2 events, the initial conditions are similar to the appearance of enhancégec values seen between
to those in Type 1. There is an increase in solar wind speed. = 45to L = 55 in Type 1 and 2 events. Although
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720 S L A B AL and the relation found by Tverskaya, which is based on lo-
. 1 cal count rate measurements. Theweighting used in the
calculation of the electron content on a given drift shell will
bias theT (L) to have higher values at larger L-shells. As a
consequence, the peak of the radiation belt is systematically
shifted to a larger L-value. By acknowledging this differ-
ence we feel it is interesting to note that both results display
a similar trend thus further supportingl,* versusL rela-
tionship. However, the measure of the position of the peak of
the radiation belt measured By L) should give a more re-
alistic indication of where the maximum amount of electron
acceleration has occurred.

4 Discussion

37\\\\\\\\\\\\\\\\\\\\\\\\\\\\\7
The typical magnetospheric response during a magnetic
20 40 60 80 100120140160 storm can be described as follows. The intensification of the
Minimum D, (nT) ring current during the magnetic storm main phase leads to a
drop in the magnetic field strength earthward of the ring cur-
Fig. 2. Correlation between the position of the maximum rent. The relativistic electrons respond adiabatically to the
T(L) in the outer radiation belt during the period of largest decrease in the magnetic field strength and move outward
flux enhancement with the minimun,;* value of the coin-  while at the same time losing energy, in what is known as
cident magnetic storm. Results from CID data between Janthe p, effect. The increased magnetospheric wave activity
uary 1995 to March 1998. Correlation coefficient=0.728584.  5nq ghsequent wave-particle interactions lead to an increase
Tge curvid2I|7r15e |slgleLr$|at|onsh|p derived by Tverskaya (1996)-i, the rate of electron loss as they are scattered into the loss
|Dstlmax = 2.75x 107/ Limax: cone (Lyons et al., 1972). Electrons on the outermost drift
paths also become more susceptible to being lost as many
end up on drift paths that intersect the dayside magnetopause
the solar wind speed in some cases approaches or exceegisesorgher et al., 2000). During the recovery phase the elec-
500kms*, no enhancement ifizec takes place. This dif-  trons that have not been permanently lost will return to their
ference in the electron response compared to the previougriginal state, if no other acceleration or transportation has
two cases appears to be due to a difference in the BVI6ri- occurred (Kim and Chan, 1997).
entation during the magnetic storm recovery phase. Follow- opservations of the relativistic electron population shown
ing the initial period of southward IMIB; that is the cause  here are consistent with the idea that significant loss of ener-
of the magnetic storm. turns northward and remains pre- getic electrons occurs in every storm (Desorgher et al., 2000;
dominantly and often strongly northward during the period Kim and Chan, 1997), in some cases removing the majority
that the electron flux enhancement might otherwise be takof the relativistic electron population. This electron loss ap-
ing place. It should also be noted tha,* generally has a  pears to be more efficient at higher energies, as seen by the
much more rapid recovery phase(* returns to O nT) in the generally larger decrease of thel MeV Trec observed by
Type 3 events than in the Type 1 and 2 events. the REM, in comparison with the 750 keV Trec detected
Figure 2 shows the relationship between the position ofby the CID. Brief periods of decreased count rates associated
the maximum7rec during the period of largest flux en- with the onset of magnetic storms may be due simply to an
hancement and the minimum,,* of the coincident mag- adiabatic process in response to the pressure pulse (Blake et
netic storm. The results are for 55 different events using theal., 1997). However, the results in Fig. 1 show that solitary
CID data from January 1995 up until March 1998. The cor- pressure pulses do not produce themselves significantly re-
relation shows that for stronger magnetic storms, the posiduced count rates. A clear example can be seen when the
tion of the maximum enhancetkec is found to occur at  effect onTrec during the pressure pulse on Day 133 is com-
lower L-shells. Also shown in Fig. 2 is the empirical solution pared with the following pressure pulse on Day 136. It ap-
found by Tverskaya (1996), based on many measurementgears that the major decreases in the electron count rate are
of Dy; and the L-shell during the formation of the new peak generally associated with a magnetic storm main phase. It
in the outer radiation belt and is given By |max =2.75 is possible to confirm that real losses of energetic electrons
><104/Lfnax. The two results show a fairly good correspon- occur during the storms under examination when Thec
dence, however, the solution found by Tverskaya tends to lidevels are compared at times of similag,*, in order to re-
slightly below the results from the CID. This difference is move the influence of an adiabatic response to the altered
probably a result of the difference between the approxima-magnetic field configuration during the storm. This is most
tion of the relativistic electron contenf’'(L)) used in Fig. 2  clearly seen when comparing the pre- and fgasgic levels
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Table 2. The day of year and value of thgy,* minimum for each event, together with the pre- and post-stbsgc for the REM measured
at the beginning and end of each storm interval and the associated event type and cliagge in

Magnetic Dg:* Pre-Storm Post-Storm Type ATrec
storm minimum | Time TREC Time TREC (#/s)
Day of (DoY) (#/s) (DoY) (#/s)

Year (REM) (REM)

2.8 —42.3 - - 99 [28x10°P| 1 -
18.3 —96.5 159 | 1.3x100 | 212 | 1.9x10° | 3 | —1.11x10P
30.0 —-57.7 282 | 1.6x10° | 369 | 1.1x10" | 1 1.09x107
39.4 -80.7 37.2 | 1.0x10" | 414 | 1.3x106 | 3 | —8.70x10P
45.1 —-54.2 41.1 | 1.4x10° | 492 | 55x10° | 1 4.10x108
58.9 —67.7 56.2 | 3.1x10° | 62.8 | 65x10° | 1 3.40x10°
63.9 -92.3 62.8 | 6.5x10° | 67.8 | 55x10° | 3 | —5.95x10P
71.2 —72.8 67.8 | 55x10° | 76.1 | 1.2x107 | 1 2.00x107
85.7 —108.4 | 84.7 | 55x10° | 91.0 | 20x10° | 2 | —3.50x10°
92.3 —68.6 91.1 | 25x10° | 945 | 1.1x106 | 3 | —1.40x10P
97.7 —146.6 | 96.4 | 8.0x10° | 106.6 | 1.5x107 | 1 1.42x107
114.2 —55.0 | 112.2 | 85x10° | 121.2 | 3.8x106 | 2 | —4.75x10P
123.3 —59.2 | 121.2 | 3.8x10° | 1346 | 9.0x10° | 1 5.25x 108
137.0 —94.0 | 134.6 | 9.0x10° | 1426 | 3.1x10°6 | 2 | —5.90x10P
144.0 —66.0 | 142.6 | 3.1x10° | 149.1 | 9.0x10° | 3 | —2.20x10P
152.1 —474 | 149.1 | 9.0x10° | 157.6 | 8.0x10° | 1 7.10x10°
169.4 —448 | 169.1 | 1.4x10° | 176.1 | 2.0x106 | 1 6.00x10°

in the Type 3 events. Similar conditions may have existedB, during the other two event types. It is this difference in
for many other reported magnetic storms that did not lead tahe orientation of the IMRB, during the magnetic storm re-

an enhancement in the electron count rate, such as those reevery phase that is most important and appears to determine
ported by Reeves (1998). It seems reasonable to assume thahether the magnetic storm will result in an enhancement in
real losses have in fact occurred in all cases, Types 1 to 3the relativistic electron count rate (southward/fluctuainy

The count rate enhancements in Type 1 and Type 2 eventsr not (northwardB,). The orientation of the IMFB, ap-

thus appear to result from new energetic particles appearingears to act as a switch, either turning-off the enhancement
in the magnetosphere in sufficient numbers to replace mosivhen northward during the recovery phase or allowing the
or all of the particles lost earlier during the storm. enhancement in the count rate to proceed for southward or

. . fluctuatingB;.
The important difference between the event types occurs 95

during the recovery phase of the magnetic storms, not during Blake et al. (1997) studied the relativistic electron re-
the onset or main phase. The magnitude and duration of negsponse in two energy channels ¢1.5MeV; E >3.5MeV)
ative B, prior to the recovery phase may effect the strengthduring the same time period using detectors on board the
of the subsequent magnetic storm and also the proportion ofpacecraft 1994-026. Although the spacecraft 1994-026 and
particles lost, but it does not significantly effect the size of the two STRV satellites have similar apogees and perigees,
the enhancement ifirec during the recovery phase. Both the STRV spacecraft orbital plane has’aritlination, which
Type 1 and Type 2 events typically have a fluctuating or neg-is much closer to the magnetic equator than the i62li-

ative B, during the recovery phase, thus the difference be-nation of 1994-026. The STRV spacecraft, therefore, see
tween these two event types lies in the solar wind speed. Thelectrons of virtually all equatorial pitch angles for most of
Type 1 events are associated with a more prolonged and ofthe time across the full L-shell range of their orbit, whereas
ten larger increase in the solar wind speed than the Type 2he equatorial pitch angle coverage of 1994-026 will change
events, and as a result, have larger enhancements in the elegignificantly around the orbit and, in particular, will be less
tron count rate. The important difference between the Type Zomplete at largeE. AcrossL, the general trend of the rela-
events and the Type 1 and 2 events is that the BARs pre- tivistic electron count rates seen by STRV-1a, STRV- 1b and
dominantly northward during the recovery phase of Type 31994-026, are similar at all times, showing that the process of
events in contrast to a southward or fluctuating about zercelectron flux enhancement has not been confined to a narrow
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pitch angle range. magnetopause created by fast magnetosheath flow speeds
Blake et al. (1997) select five case studies associated witfjperhaps>500 km s'1; Mann et al., 1999; Mann and Wright,
the large, abrupt increases in the solar wind speed on day4,999). In addition, the whistler mode chorus waves invoked
97, 113, 117, 123, and 136 in 1995. They emphasize thén the potential gyro-resonant electron acceleration (Mered-
significance of a southward turning IMF, which is seen as aith et al., 2002a; Summers and Ma, 2000) have a strong de-
switch enabling “a high speed stream and leading pressurpendence on substorm activity (Meredith et al., 2001). A
pulse to have a strong effect on the energetic population”prolonged increase in the solar wind speed during the recov-
Conversely, they state that the effect of a high speed stream isry phase of a magnetic storm during whighis negative or
nil when associated with a clearly northward turning field. In fluctuating about zero will lead to increased substorm activ-
contrast, the selection of the events used in our study is baseity and hence stronger plasma wave intensities.
on the identification of magnetic storms accordingltg*. The formation of a new peak in the outer radiation belt
In almost all cases, a significant pressure pulse and an integuring the recovery phase of Type 1 and Type 2 events is evi-
val of southward IMF precede the magnetic storm. Thus, thedence for local electron acceleration. The new peak typically
conclusion drawn is similar to that of Blake et al. (1997) but forms immediately after the storm main phase, during which
not identical; a southward IMF can be identified as a precur-there is a significant injection of lower energy electrons (tens
sor to all the storms in this study, including those with no to a few hundred keV) into the outer radiation belt (Baker et
enhancement iffirec, and so it appears to be the behaviour a|., 1998). If these electrons are energised to MeV energies
of the IMF B_ in the interval following the magnetic storm in a local acceleration process, then the maximum enhance-
main phase that controls whether a high speed stream can afnent in the count rate and hence the new peak will appear at
fect the magnetospheric electrons. It is also necessary thahe samd. to which this lower energy population is injected
a high speed stream be observed during the recovery phasguring the storm main phase. Tig,* versusL relationship
in order to see a significant and prolonged energetic electrofthen arises as a natural consequence of the lower energy elec-
enhancement; a pressure pulse alone is insufficient. trons being injected deeper into the outer zone during a more
Extended periods of southward IME; in the recovery  enhanced convection electric field during stronger magnetic
phase will be associated with prolonged substorm activity.storms.
The substorm injected electrons may play a role in the ac- The p,* versus L relationship lends further support to
celeration process, by producing a seed population of elecie |ocal stochastic electron acceleration by whistler mode
trons with energies of a few hundred keV which may then béyayes. In contrast, the process of electron acceleration via
subsequently accelerated to MeV energies (e.g. Obara et apne drift-resonance mechanism, that invokes ULF waves,
2000). Furthermore, the injection of anisotropic medium en-provides energetic electrons to the inner magnetosphere from
ergy (10-100keV) electrons during substorms (Baker et al.q source beyond the outer radiation belt. It s, therefore, diffi-
1998) leads to the excitation of intense whistler mode waves, |t 1o reconcile the proposed drift-resonance electron accel-
which have been postulated as a possible generator of Me¥iration with the observed relationship between the strength

electrons (Horne and Thorne, 1998; Summers et al., 1998¢ 3 magnetic storm and the radial location of the subsequent
Summers and Ma, 2000). Whistler mode waves are knowny.. . enhancement.

to be substorm-dependent (e.g. Tsuratani and Smith, 1977;

X ) ' The subsequent inward movement of the p&gakc dur-
Meredith et al., 2001) and have recently been observed in aﬁhg the recovery phase may be caused by inward radial diffu-

sociation with the generation of outer zone relativistic 8|ec'sion, combined with increased rates of electron loss at larger

tans (MeredC;th et r?l" _20022' 2002b),UII(_e'r;d|ng Creﬁenceltq_-values. However, continuing in situ electron acceleration
this Proposed mechanism. HOWEVer, ULF Waves have aisQ, g region of the outer radiation belt may also cause the
been invoked as a means of accelerating the seed electror

to MeV energies. Enhanced ULF waves are correlated Withrlmvard movement of the pedheec.

high solar wind speeds (Mathie and Mann, 2001) and have

been associated with the generation of relativistic electrons at

geosynchronous orbit (Mathie and Mann, 2000). Our workd Conclusions

has shown that significant enhancement&rac are corre-

lated with periods of prolonged substorm activity and high We have used data from the STRV microsatellites during the
speed solar wind during the recovery phase. These condifirst six months of 1995 to study the magnetospheric rela-
tions are likely to lead to the generation of intense whistlertivistic electron response during magnetic storms. The main
mode waves and ULF waves, making it difficult to discrimi- results of this study are that:

nate between the two mechanisms on this observation alone.

A prolonged increase in the solar wind speed beyond (a) an extended interval (two days or more) of fast solar
~500 km s may drive a number of potential electron accel- wind speed above-500km st and an IMFB, that is
eration mechanisms within the outer radiation belt. The ULF fluctuating about zero or more predominantly south-
waves invoked in the drift-resonance (Elkington et al., 1999) ward during the magnetic storm recovery phase are
or global magnetic pumping (Liu et al., 1999) mechanisms the main requirements for significant electron enhance-
may be generated via Kelvin-Helmoltz instabilities along the ments at relativistic energies;



964 R. H. A. lles et al.: The relativistic electron response in the outer radiation belt

(b) predominantly northward IMF during the recovery phys. Res., 104 (A8), 17 391-17 407, 1999.
phase severely limits the recovery of the relativistic Lyons, L. R., Thorne, R. M., and Kennel, C. F.: Pitch-angle diffu-
electrons; sion of radiation belt electrons within the plasmasphere, J. Geo-

phys. Res., 77, 3455, 1972.

(c) the location of the peak ifirec during the storm recov-  QOgilvie, K. W., Chornay, D. J., Fritzenreiter, R. J., Hunsaker, F.,
ery phase is dependent on the strength of the magnetic Keller, J., Lobell, J., Miller, G., Scudder, J. D., Sittler, E. C.,
storm; Torbert, R. B., Bodet, D., Needell, G., Lazarus, A. J., Steinberg,

J. T., and Tappan, J. H.: SWE, A comprehensive plasma instru-

(d) particle loss during the magnetic storm main phase of- ment for the WIND spacecraft, Space Sci. Rev., 71,(1-4), 55-77,
ten dominates th®;, effect, in some cases leading to  1995.
no recovery of the electrofirec through theDy; effect Mann, I. R. and Wright, A. N.: Diagnosing the excitation mecha-
following the storm main phase. nisms of Pc5 magnetospheric flank waveguide modes and FLRs,

Geophys. Res. Lett, 16 (16), 2609-2612, 1999.
Mann, I. R., Wright, A. N., Mills, K. J., and Nakariakov, V. M.: Ex-

citation of magnetospheric waveguide modes by magnetosheath
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