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Abstract - We investigated relativistic (0.6-1.5 MeV) electron
fluxes dynamic in outer radiation belt using MKL device
measur ements on CORONAS-F satellite within intervals of 31
strong magnetic storms during years 2001-2005. We obtained
some characteristic parameters of Dst index, the most
earthward position of dectron fluxes maximum L. and
maximal fluxes of these electrons during individual magnetic
storms, which characterize the dynamic and the geometry of
relativistic electrons. The average earthward velocity of radial
shift during the main storm phase is higher by factor 2 in
comparison with the velocity of the outer radiation belt
maximum return. As result we got superposed relativistic
electrons geometry, typical for geomagnetic storm period.

1. INTRODUCTION

The outer electron radiation belt is populatbg
relativistic electrons, strongly enhanced followirspme
geomagnetic storms. These ~1 MeV electrons aledcal
killer electrons, because they represent a senmisntial
hazard to orbiting satellites, space stations amghams in
space. In this paper we investigated relativistiecteons
with energies 0.6 - 1.5 MeV, during 31 strong madgne

storms (Dst < -100 nT) [1], measured by MKL devicq
(complex SKL) on CORONAS-F satellite during year%f[n

2001-2005. A short description of SKL complex measy
the energetic particles can be found in [2].

2. ANALYSIS OF EXPERIMENTAL RESULTS

For all magnetic storms we analyzed the L pesfiof
relativistic (0.6 - 1.5 MeV) electrons in the timef
CORONAS-F (low altitude ~500 km polar orbiting Riass
satellite), crossing the outer radiation belt. Tregh radiation
is described by particle fluxes as function of gyeand of
the geomagnetic co-ordinates L and B. The L isaladi
distance of the field line from the axis at the magnetic
equator and B is the magnetic field strength. Famrect
comparison we selected the orbits when satellitesed the
same line in L-B space. This comparison is possillky
with one day step.
Figure 1 displays L profiles of relativistic elemtis around
the geomagnetic storm on November 5, 2001: befiomens
onset (a), at the beginning of recovery phasedtdhe end
of recovery phase (c) and after the end of thisnst(d).
This figure illustrates the typical outer radiatidpelt
relativistic electron dynamics. The pre-storm positof
electron fluxes maximum was around L ~ 4 Re (Earth
radii).
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During geomagnetic storm it is shifted to L ~ 3 &l after
storm it returned to the pre-storm position withvéw
intensity. Time behavior oDst index, the maximum 0.6 -
1.5 MeV electron fluxes position and maximal eleot
fluxes around that geomagnetic storm are plotteithenFig.

2. This storm had| Dst max| = 292 nT and it rank among
severe storms witBst between -200 nT and -350 nT. Some
parameters, which we studied in all researched ggaostic
storms, are also marked in this figure. They chera® the
dynamics and the geometry of relativistic electron
population regions in outer radiation belt durimglividual
geomagnetic storms. Mainly there are the begintimg of
main phase of magnetic storrg, the time of theDst
maximum valuedy, the time of L. position, }..x, the time

of the storm recovery phase endttie minimum flux of 0.6

- 1.5 MeV electrons in the time of main phasg ) the
maximum flux of these electrons during the recovengse
Imax the time shift of }.x position according to the
beginning of storm main phagdy, the positions of electron
flux maximum L, Lpg; and L in the timesy, tpg; and tresp.,
the most Earth-ward position of electron fluxes mmaxm

a0 the time shift betweer] DStyuax| and Lna positions
max and the time shift between, Lk position and the end of
recovery phase of geomagnetic stdktn All parameters for
studied geomagnetic storms are listed in Tablasd12a The
Table 1 contains the day and the hour (in UT) tofrs
main phase beginning, tthe maximum value dbst index
during this storm Dsgy the minimal value of relativistic
electrons with energies 0.6-1.5 MeV maximum positig.x
and its calculated value according to the TversKayaula
[3], class of single storms using Loeve and Prolss,
classification (ST-strong, SE-severe G-great and - MO
moderate storms) [1lpd, Atmax Ato, Imine Imax @aNdAL; values
and also the maximum fluxes of >0.5 MeV and >2 MeV
electrons measured in the geostationary orbit bfe&Q0
satellite in the time of main storm phase. These dae
completed by parameters of interplanetary magnigdic
(IMF) and solar wind plasma during the time of maiarm
phase. There are the magnetic field modiiB|, its B,
component magnitude together with the plasma spged
and density pmeasured on ACE satellite and by solar wind
speed in the time of main storm phasg, measured on
SOHO satellite.

. On the Figure 3 L of peak-flux of the storefativistic
electrons with energies 0.6-1.5 MeVj,& measured by
CORONAS-F during 31 studied magnetic storms arermgiv
against amplitude of a magnetic st0||rDstmax| . The result

of this dependence according empirical formula pegg by
Tverskaya is indicated by full lines.
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Fig. 1. The radial profiles of relativistic 0.6 -51MeV
electrons fluxes (e fluxes) during the period iniéhg the

geomagnetic storm on November 5, 2001.
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Fig. 2. The example of the typical time behavior st
index, the position of maximum of 0.6 -1.5 MeV dfea
fluxes and maximal fluxes of these electrons arothmed
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Fig.3 The dependence between Dst index and reditivi
electron flux maximum positionlex . The solid line shows
values according to the empirical formuld Dsthax
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| =27500/Lna, proposed by Tverskaya [3].

November 5, 2001 geomagnetic storm (MP - main plbése
the storm; RP - recovery phase of the storm).

Fig.4. The dependences of the average Earth-wdotitye
of the electron maximum shifi,\and its return velocity,v
(a) and the dependence betwegfvyvproportion and Dst (b)
for all 31 investigated magnetic storms. The sdiites
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We calculated the average velocity of outer radratbelt

electron maximum shift during the main storm phégae 3. RESULTS AND CONCLUSION

interval At;) to the Earth direction,ythe average velocity of =~ We analyzed 31 strong magnetic storms (DstG0 -AT)
the electron maximum shift to the Earth directiomridg [2] measured by MKL device on CORONAS-F satellite
whole At,., time interval y, the total velocitpf the electron during years 2001-2005. We investigated the dynaafic
maximum shift to the Earth directionand average velocity relativistic electrons with energies 0.6-1.5 Me\fidg single
of the electron maximum return to the prestorm tmosi Pphases of these storms.

during the time intervalAt, v,. Table 2 contains some The location of relativistic electron maximagl in the
parameters of relativistic electron maximum geognethere time of main storm phase depends on the geomagstetin
are in addition to date and strength of single retigrstorms  strength, represented by minimal values of DstxXnDO6tnay
the positions of their maximapl Lps, Lmax and L in the according to the empirical for_mUIEilDStmax| :27500/l_max4
times b, tosy tnaxand tresp., time intervalat; Aty At, and proposed by Tverskaya [3]. This dependence descdbed
average velocities of outer radiation belt electoaximum the maximum of relativistic electrons location dagisingle
shift during single storm phases s, v, and v. geomagnetic storm times. The most differences heiwe

Figure 4 shows the dependences of the averaglenard €xperimental and theoretical values qf.L were find for
velocity of the electron maximum shift\and its return Storms at May, 29 2003, October 30, 2003 and Jgriy
velocity v (a) and the dependence betwegrvyproportion 2005. There are the typical multi-step storms, ihicl
and Dst (b) for all 31 strong magnetic storms. already during main storm phase was position ofirthe



electron maximum relatively close to the Earth (3-Re)
owing to previous magnetic storms influence.

The outer radiation belt maximum shifts durthg main
storm phase to the Earth direction with the avenagjecity
v; = 0.51 Re/day. After timepd; the shift to the Earth is

probably by previous magnetic storms, after thatetectron

fluxes maxima didn’t catch to return in the locatitypical

for quiet time geomagnetic period. Thus behavior is
characteristic for “two-step” or "multi-step” magdiestorms.
In the time gy (the time, when Dst index get the minimum

slower with the average velocity, = 0.36 Re/day during value Dst;,) is the maximum positionds; > Ly« €.9. the
whole At time interval. After the achievement of it'smaximum position of L (), Which created on the

nearest to the Earth positioRJ« in the time }., the outer
radiation belt maximum returns to the pre-stormitpms with

beginning of the recovery storm phase. The valud gf
depends on magnetic storm strength and also ahasacter

average velocity v= 0.26 Re/day during the second part ofsingle or multi-step).

recovery storm phase.
The total average velocity of the outer radmatbelt

The return of relativistic electron maximalisad during
all the recovery storm phase and in some evergds Qetober

maximum in Earth direction .vand their return average 28, 2003) don't catch the values> 4 Re typical for quiet
velocity v are depend each other and also are depend @@omagnetic period, mainly owing to next geomagneti

magnetic storm strength which we can demonstrataidly
correlation betweencVv, proportion and Dst and,Jay.

The average values of parameters which clexiaetthe
geometry of outer radiation belt electron maximaspnted
for single magnetic storms in Table 1 and Table& & =
0.51 Re/day, ¥= 0.36 Re/day, ¥= 0.38 Re/day, v= 0.26
Rel/day, £=2.93 day, }.=1.58 day, £=4.86 day, 2.4 day,
Dstmin=-186 nT, L= 4.49 Re, bs= 3.68 Re, L= 3.22 Re,
L= 4.28 Re, }Jin = 3355 counts/s anghJ, = 18065 counts/s.
Their use enable to us to sketch superposed iislitiv
electron fluxes geometry in the time of strong gagnetic
storm (see Fig.5).

Superposed 2001-2005
magnetic storm geometry

Dst [nT]

L [R]
»

©»
(3]
[l
i

CX-)

—
o £
o
a
3

-
o
~

e 0.6-1.5 Mev [counts/s]

w

-
(=]

T T T T T
0 2 4 6 8

Time [days from storm beginning]

10

Fig.5 The sketch of the superposed relativisticteda fluxes
geometry in the time of strong geomagnetic storm.

We can see from the Table 2 , that the typicdlie of
relativistic electron maxima position during theimahase
of magnetic storm is J= 4-5 Re. Lower values ofuL( for
October 30, 2003 or November 9, 2004 storms) watsed

storm, which main phase merged in the time with the
recovery phase of previous magnetic storm.

The fluxes of 0.6-1.5 MeV electrons increase myri
recovery storm phase about 1-2 orders in comparngitim
their minimum value.

The solar wind velocity in the time of singleomagnetic
storms was from 400 to 1000 km/s andcBmponent of IMF
has the southward orientation and it ranges fromT-%0 -80
nT.

The strong magnetic storms accompanied by sinifth of
relativistic electron fluxes on the radial distargg, < 3 Re
are characteristic by high velocity of solar wing, ¥ 600
km/s, and also by southward orientation of IMF wih
component between -15 nT and -80 nT. During these
magnetic storms the high fluxes of relativisticottens were
registered on the geostational satellite GOES-&@ (Eable
1). The detailed analysis of these selected statmsvs the
better correlation between. vand vy velocities and also
between y /v, proportion and Dst in comparison with others
magnetic storms.
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