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The simultaneous observations of the 0.3 - 2.0 MeV electron flux on board "Cosmos-
1686" satellitc and the sporadic radio emission on frequencies¡= 33 MI-lz andf = 325
MIIz at Kharkov University ground level station (L = 2), during and after the solar
flarc of November 20, 1986, were performed. The sudden increase in the counting rate
of the radio emission sporadic bursts on November 25, 1986 and precipitation of
subrelativistic electrons at the gap between the radiation belts were observed. It is
supposed that a direct connection cxists between the electron precipitation and the
sporadic space radio emission on low latitudes.
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DINÂMICA DoS ELÉTRONS NoS CINTUROES INTERNOS DE RADIAÇÃO
ASSOCIADA À EMISSÃO ESPORÁDICA ESPACIAL EM RADIOF'RE-
QÜÊXCh- A observação simultânea do fluxo de elétrons de 0,3 a 2,0 MeV, a bordo
do satélite "COSMOS-1686", e da emissão esporadica nas radiofreqüências "f 

: 38
MIIz ef :325 MIIz,no laboratório da Universidade de Kharkov - Ucrânia, durante e

após a erupção solar de 20 de novembro de 1986, þi efetuada. O aumento repenlino
da laxa de contagem da emissão esporadica espacial em radiofreqüência e a
precipitação de elëtrons sub-relalivísticos em 25 de novembro de 198(¡, no intervalo
dos cinturões de radiação, þram observados. Supõe-se que existe uma conexão direta
entre a precipitação de elétrons e a emissão esporadica espacial de radiofreqüência
em baixa latitudes.

Palavras-chavu Cinturão de radiação; Etnissões esporádicas; Iiluxo de elétrons,
Erupção solar.
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INTRODUCTION

The investigation of precipitation phenomena in
t"he inner radiation belt region is of great scientific
interest because it is connected with thc problems of
origin, accelleration and propagation of particles in thc
magnetospherc, interactions lvith ionosphere and
atmosphere and has applied significancc, also. During
thc last 20 years numerical measurements of high
energy electrons (more than several l0 MeI) fluxcs in
the inncr belt lvcrc performed (Gusev et al., 1983;

Galper et al., l9tì3; Voronov et al., 1986; Nikolsþ &
Sinitcina, l9tl3). They found that large fluxes of such
electrons cxist in low altitudes in the Brazilian Magnetic
Anomaly region (BMAr). When these electrons
precipitate they can rcach thc deep layers of the
atmosphere and producc significant ionization which
can affect physical and chemical peculiaritics of thc
atmospherc and climatc parametcrs, also. Unfortunately,
thc phcnomenology of prccipitation in low I is not clear
and is still contradictory. The mechanisms of particlc
dynamics at this region arc cxtrcmely complicated and
not very wcll known. Thc considerable fluxcs of
precipitating rclativistic clcctrons lvcre measured on
"Cosmos-1686" orbits on altitudes 350-500 km in quict
magnctosphcrc (Pugachcva ct â1,, 1993). Oppositc the
results of cxpcrimcnts on "Cosmos-1686" satellitc, thc
prccipitation of clectrons with thc cnergy up to I MeV
lvas observed only at L:\.'71!0.16 by satcllitc
"OHZORA" in thc quict magnctosphcrc (Nagata ct al.,
1988).

At the top of magnctic field lines thc high cncrgy
electrons of thc inncr radiation bclt can producc thc
high frcqucncy radio cmission of synchrotron origin.
As it was shown by Ginzburg (1987), thc intcnsity of
radio cmission at frcqucncy v of clcctron with thc cncrgy
-E in rcgular magnctic field 11is:

If thc energetic clectron flux at the top of the

magnetic held is equal to A, . Jtr' dE = 103 cm-2c-1 and

the spacc distribution of electrons is near the triangle
r.vith the top at I : 1.5 and width 0.32 (Dmitrenko et al.,

1987), then thc intensity of thc synchrotron radiation
along sight dircction is cqual to:

cil lclv= /Wçt,u\A = 1.6 . lO"re lvo't)/2,fi/ll-lznt2sr (3)

For y = 2.3 (Voronov ct al., 1986), dl/dv(v = I
GHz) : 2.2 jansky/sr, it is a vcry wcak radiation and on

thc verge of measurability. But if these high energy
electrons begin to precipitatc into the low altitudes
r,vherc the magnctic held valuc is ten times higher than
at thc top of the field line, thc intensity of synchrotron
radio cmission rvill be grcatcr and possibly can be

mcasurcd.
Thc prcscnt papcr is a rcsult of the analysis of

simultaneous observations of thc sporadic radio
emission at the frequencics of 38 and 325 NfrIz,
registered by thc ground levcl antcnna and fluxes of the
high cnergy clectrons on board of "Cosmos-1686"
satcllitc during thc magnctic storm of Novcmbcr 25,
I 986.

EXPERIMBNTAL RBSULTS

Thc "Cosmos-168(r" spacecraft was launched in
Sept. 27, l9lì5 on a circular orbit (500 km altitude,
51.6o inclinaLion). Elcctron fluxcs with kinctic energies
0.3 - 2.0 MeV lvcrc measurcd with two identical
semiconductor spcctrometcrs mounted outsidc thc
satcllitc at an anglc of 90o of cach other. Each
spcctromctcr with a telcscopc of thrcc scmiconductor
countcrs mcasured thc cnergy of electrons at 4

diffcrcntial channcls: 0.3 - 0.6 MeV,0.(r - 0.9 MeV,0.9 -

1.2 McV ttnd 1.2-2 MeV, at an aperturs angle of +20o
(Mineev ct al., 1981).

Thc radio bursts wcrc dctcctcd r,vith tr,vo radio-
tclcscopcs (RT) r.vhosc dircction diagrams (DD) wcrc
azimuth-stabilizcd. Thc paramctcrs of thc first RT werc:

thc opcrating frcqucncy/= 3tì MHz thc DD with Â0 =
+2(ro; thc dircctivc gain 1) - tì0; thc sffectivc arca S
-300m2. Thc parametcrs of the second RT: / = 325

MHz; A0 = +12"; D - 360',5- 20m2 .

A solar ilarc of ball lN lvith coordinates N24, E05
occurrcd in thc interval of 08:54-09:59 UT, Nov. 20,
1986. Thc {larc lvas accompanicd by an X-rays burst.
Thc flarc-associatcd plasma flor'v reachcd thc magnctos-
phcre in Novcmbcr 23. The suddcn commenccment of
thc magnctic storm (SSC) at 09:24 UT in Nov. 24, 1986
coincidcd roughly r'vith thc changc of magnitudc and
sign of thc IMF vcrtical componcnt (Bz). Thc main
phasc o[ thc magnctic storm rcachcd a minimum D,t: -

10517'(Fig. l). in Nov. 25, 1986. At that day, a suddcn
ionosphcric disturbancc (SID) which cxhibitcd itsclf as a

s(v)= Jl1u' H,Imc2).(vlr)f ,"Krr(rt)drt (l)

Herc'r," = (3eH ,4n mc)(E I mc')t and K573 is a

McDonald function.
Thc intcnsity of radio cmission at frcquency v of

clcctron flux with thc powcr law cncrgy spectrum

I(E)iE: A.DtdL is:

W(l,v)= AU)l;',_,,.,8 / S(v(l:)))dE =

AJl@t I mc')açy'¡¡I<r*1tt2 ç3e l2nm'ctv¡<r t)tz q2)

Hcrc u1y¡=1 1y +7 t 3 ) t (y +1)).1'((3y- 1 )/ I 2 ). r ((3y +7 ) t 12

and l-is a lcngth in thc dircction of sight. Hcrc I' is a
Hcilcr function.
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sudden cnhancement of atmosphcrics (SEA) on middle
latitudcs at a frequency of 27 kllz was rcgistcrcd. At
14:30 UT, in Nov. 25, 1986, thc instruments rcgistcrcd
a sudden increasc in thc counting ratc of irrcgular scries
of powerful short-timc (0.2s) radio bursts with
frcquencies of 3tl and 325 ily'.Hz. (Fig. l) at 50o N,
3('.1'7"8 (Kharkov, L = 2). The duration of each scries
was irrcgular and about 10-20 s. Thc counting rate of
thesc serics incrcascd up to 150 pcr hour and rcmained
at this level until interruption in the registration (01:00
UT, Nov. 26). Thc observations were continued altcr l2
UT, Nov. 26, but counting ratc of burst was at thc
background level.

The clcctron fluxes with energy 0.3 - 2.0 MeV in
the (BMAr) wcre mcasured on board thc "Cosmos-
1686" spacecraft beforc thc onsct of the magnctic storm,
at thc recovcry phase and aftcr its termination. It was
shown (Abrosimov ct al., l99l) f.hat thc inncr bclt
clcctron fluxes r'vith thc 0.3 - 0.6 MeV cnergy incrcascd
comparativcly with thc undisturbed pcriod but not as

strongly as clectron fluxes of 0.9 - 2.0 MeV, and thc
spectrum of clcctrons becamc morc rigid. Thc maximum
intcnsity shifted into thc magnetosphcrc from L : 1.8 to
L-[,65. Thc clcctron fluxcs with cncrgy 0.3 - 0.6 MeV
appcarcd within thc gap bctween the inncr and cxternal
radiation bclts (in thc region L -= 2.2 - 3.4, at thc
altitudc of 500 km) as a rcsult of thc storm.
Unfortunately, just in Nov. 25, 1986, at thc main phasc
of thc magnctic storm, data from thc satcllitc wcre not
rcceivcd becausc of tclcmctry upsct.

DISCUSSION

Let us estimatc an intcnsity of radio cmission for
individual bursts, assuming this cmission is of
synchrotron origin and produccd by prccipitating
clectrons. Thc calculation of LV (l,v) assumcs that
relativistic clcctrons precipitate sporadically from thc
top of magnetic linc L = 2 Lo the altitudcs of 100 - 300
km. Thc reasons of such assumption arc the following.

First, thc characteristic frcqucncy of synchrotron
radiation of electrons with thc cnergy ,o at the magnctic
lìeld /1is equal to:

v": 16II . If ,MIIz (4)

Hcre, II - gauss, E - MeV . So radio cmission at
frequencies of 38 MHz and 325 MHz can bc produccd
by clectrons with the energy of about 2.7 and 9 MeV at
the magnctic field I-lt=O.2 gauss, which is the
horizontal componcnt of thc magnctic ficld valuc at the
altitude of 200 km at the point of Kharkov (1, = 2)
Electrons with energies about scvcral MeV exist on L -
2 but as a mattcr of fact with not vcry high energics as 9

MeV. The elccl.rons irradiatc synchrotron emission in a
wide range of frcquencics and thc cncrgy of clectrons
producing 325 MHz cmission can bc lesscr.
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Second, thc Bauns-period of relativistic clectrons
and also thc lifctime of precipitating clectrons which
can bc observcd ovcr Kharkov is 0.2 s, because they
loosc their cncrgy at thc south hemispherc during onc
Bauns-period. Thc characteristic timc of onc radio
cmission burst is 0.17 s.

Third, if wc takc thc energy depcndcnce of thc
diffcrcntial clcctron flux at the top of L:2 in thc form
of powcrlawwith y:2.0and,A:5. l0-r0 erg/cm3 and,
calculatc intcnsity of synchrotron radio emission at thc
frcquency v = 38 MHz, using Eqs. (2) and (3) and
supposing I : 200 km, wc will gct

dI /dv : If\,v) . I - 1.46. l0-2r, WIIz .. m2. sr (5)

Thc output at 325 MHz is 5.0 .10-22 wl'lz.mz.sr.
Thc abovc mcntioncd parametcrs of clectron spectra at
thc top of L : 2 wcrc uscd (Tvcrskoy, l96fl) which
dcscribc maximal flux 107//cm2s of electrons with thc
cncrgy more than 0.5 MeV, taking into account an
unstablc statc of hot plasma in magnetic held
considcrations.

Thc cxpcrimsntally obscrvcd intensity of radio
cmission in individual bursts is:

P(v) = ¿¡1¿r. ç¿: 1.46 . l0-2r, I,/lntzIIz, (6)

whcrc () is thc solid anglc ofthc telcscopc (about lsr).
Mcasurcd valucs of P (v : 38 MHz) = l0-2r - 10-20,

Wnt2IIz and 1,(v : 325 MfIz) - l0-2r, I4//m2IIz agree
with thc calculatcd values of P by thc order of value.

Wc do not discuss hcrc thc finc structurc of radio
cmission cffcct, sccn on Fig. I (two pcakcd structurc),
bccausc thc radiation bclt clcctron fluxcs arc so highly
dynamical on the main phasc of magnetic storm, that
thc two peakcd structurc could bc cxplained by it.

CONCLUSION

So it seems that clcctron intcnsity at the top of the
magnetic lield linc is sufficient to generatc measured
intcnsity of synchrotron origin radio cmission.
Unfortunately, wc do not know if this strong
prccipitation rcally took placc during this storm. But if
this assumption will bc conhrmcd by futurc
expcrimcnts, it will supply us with a new method of
obscrvation of high cnergy particle precipitation using
groundbased dcviccs, that arc less cxpensive and morc
convenient.
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figurc I - Tinc dependencc of D", variation and
counting rates of radio enission bursts in 38 MHz and
325lvfrlz during 20 - 27 Nov. 1986.
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