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ON THE RELATIONSHIP BETWEEN CORONAL MASSEJECTIONS,
SOLAR FLARES, SOME MAGNETOSPHERIC PARAMETERS AND
AURORASOF DIFFERENT TYPES, DURING GIANT MAGNETIC

STORMS
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Abstract. There were analyzed 7 giant magnetic storms, during which the minimum value of Dst variation < 250
nT: Febr. 8-9, 1986; March 13- 14, 1989; Oct. 21-22, 1989; March 24 -25, 1991; Oct. 28-29, 1991, Nov. 8-9, 1991
and Febr. 10-11, 1958. All of these superstorms were preceded by solar flares and, in some events, by the Coronal
Mass Ejections (CMEs) as well. During these superstorms, over large areas of the Earth, there were registered bright
auroras, the luminosity spectrum of which depended on the type of heliospheric source responsible for one or an-
other type of superstorm as well as on different properties of the upper atmosphere. In some events bright green
auroras, while in others the type A red ones, were observed. Some suggestions have been made as to the nature and
mechanisms of origin of similar types of luminosity. On the basis of the temporal Dst variation, there were restored
values of IMF Bz-component, as well as the estimates of the voltage difference across the Polar cap were performed.
Quite large values of the voltage difference were obtained which agrees fairly well with the results of some experi-

ments.

I ntroduction

Magnetic storms, during which the minimum value
of Dst variation < 250 nT, are now commonly called
giant ones or just superstorms /1/. It was just recently
that it became clear, that a most important source of
space weather disturbances were immense mass ejec-
tions from the Sun’s corona, i.e. coronal mass ejections
(CME) /5/. The amount of the mass, ejected by the
solar corona makes the value of 010" 10'® gram, the
energy it carries approaches 10%-10% erg. It is well
known now, that a geomagnetic storm usually develops
on the condition of an intense and long enough south-
ern component of the interplanetary magnetic field
(IMF). Coincidentally with geomagnetic storms in the
Earth’s atmosphere there occur ionospheric distur-
bances, short wave communication blackouts, intense
auroras, both in auroral and in the middle and lower
latitudes as well as technogenic hazards /7/.

Yet relatively a long while ago it was known that
the red type A auroras (luminosity, in the spectrum of
which 630.0-636.4 nm emissions prevail) occur mainly
in the years of high solar activity, whereas the red auro-
ras of type B (basic emissions in their spectrum are
1PGN,) occurred in years of low activity of the Sun.
The recent statistic studies /8/ showed, that in the pe-
riod from 1749 to 1992 the frequency of occurrence of
red type A auroras agrees well with the 11- year cycle
of the solar activity. Such auroras always appear in the
years of high solar activity and almost disappear in the
years of minimum solar activity. The paper /9/ consid-
ers the spectra of low latitude auroras (these used to
be mainly the red type A auroras), registered during the
last 60 years, and there were determined their basic
spectrum regularities: (1) excitation of emissions of the
first negative system N," with high vibrational devel-
opment bands, (2) a large value of the ratio of forbid-
den lines intensities of 630.0 nm atomic oxygen to
557.7 nm, (3) the prevailing presence in the spectra of

atomic and ion O, O', N and N lines compared to
molecular bands.

Concerning the red type A auroras, observed in
auroral regions, spectrum characteristics of auroras of
that kind are similar to the ones, observed in the middle
latitudes as well /10,11,12/.

Heliogeophysical situation, connected to the
considered super storms

There were picked 6 superstorms in order to enlarge
our knowledge about the nature of giant magnetic
storms and causes of auroras, accompanying them, as
during those superstorms instrumental observations of
auroras were possible, at least, at Loparskaya station
(autumn, winter, spring, moonless nights with clear
enough atmosphere), as well as there was at least minor
possibility to obtain information about such non-typical
solar phenomenon as coronal ejection of mass (CME).
These turned out to be storms, that took place during
the 22-d cycle of solar activity. For comparative analy-
sis there was also picked the superstorm, which took
place in the IGY 10-11.02.1958 at the maximum of the
19-th abnormally high cycle of the Sun activity, when
numerous world observatories were registering very
intense red type A auroras (see, for instance, /8, 15, 17,
22, 23/). The list of these storms, as well as phenom-
ena, preceding their appearance, and some parameters
of the solar wind, magnetosphere and atmosphere of
the Earth are all included in Table 1.

Effectsin the upper atmosphere during
superstorms

Cole /20/, when developing his idea about the exci-
tation of red oxygen lines in the middle latitude auroras
at the expense of suprathermal electrons, suggested a
formula, using which, as he believed, one could esti-
mate the intensity of a red oxygen line:
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(ee]
l630.0 = Jnen(O)A(Te)dh :
h=0
where lgz0 is the height integrated red line emission; N
is the electron density; n (O) is the atomic oxygen den-
sity; T, is the electron temperature; A (Tg) is the rate
coefficient of excitation of atomic oxygen to D-state; hy
is the altitudes at which deactivation sets in.

According to experimental data /10,18/ the maxi-
mum of 630.0 emission intensity in the red Type A
auroras is located at the height of 350 km. That is why ,
using the model MSIS-86 /25/ there was estimated the
concentration of atomic oxygen O for the height of 350
km at the moments , when at Loparskaya station there
were carried out spectrographic observations and there
was registered the maximum of 630.0 nm emission
intensity. The obtained results are provided in Table 1.
Fig. 1 shows the dependence of | 300 on the estimated
concentration of atomic oxygen at the height of 350

eration, or just with inapplicability of the given de-
pendence for events of very intense precipitation of low
energy electrons in the auroral zone.
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Fig. 1. Dependence of Fig. 2. Dependence of

Is30.0 on the concentration
of O at the height of 350

the depression of the
magnetic field on min

km. As one can see from figure below, there is a direct Dst. km
dependence of I43p0 on the concentration of O. In two
events, when there were obtained very high values of
Ig300 during the experiment (10-11.02.1958 and 13-
14.03.1989) the given regularity is broken. This, first,
can be connected with the fact, other parameters, men-
tioned in the Cole formula, were not taken into consid-
Table 1. Solar, geophysical and some other parameters

No Ne 1 2 3 4 5 6 7
Date of 08- 13- 21- 24- 28- 08- 10-
storm 09.02.86 14.03.89 22.10.89 25.03.91 29.10.91 09.11.91 11.02.58
Fio7 102 235 216 235 250 200 285
10 W m
2 HZ—I
Flares 3BX1,7 3BX4,5 4BX13,0 3BX9,8 3BX6,1 SNM1,2 2B

2BM5.,2 1BM2,8

Associa- no yes yes Yes Yes No ?
tion with
CME
Min Dst, -312 -600 -270 -298 -251 -354 -480
NT
DDst/dt -14.7 -70.0 -16.7 -50.0 -14.0 -29.0 -69.0
nT/hr
SSC 113" 02"15™ 08"47™ 03"42™ - 06"47™ 01"26™
uT 7.02 13.03 21.10 24.03 8.11 11.02
V km/s up to 1200 1000 800 - - - -
B, -20 - -20 - -20 -5 -
Measur.
U nax 800 1200 >300 700 >300 >300 -
restor. KV
Equator. 40 40 45 50 - 40 [B5
Boundary
q)()
LT hr. 23 01 19 23 19 19 06
Concentr. 1,72(8) 3,65(8) 6,09(8) 4,53(8) 6,12(8) 4,73(8) 4,55(8)
o
part./cm’
Is30.0 kR 8 200 25 25 30 20 2500
Iss7,kR 300 20 10 10 12 8 1000
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Southward IMF component and ionospheric
convection

Due to the fact, that during superstorms, as a rule,
the data are either fragmentary or just absent, there
were restored of some parameters, using the time de-
pendence of the Dst variation during the storms. Ac-
cording to hourly data for 27 years (from 1963 to 1990)
there was found a statistic relation of the IMF z-
component with the values of Dst index for the current
and subsequent hours. The relation can be approxi-
mated by the formula /24/:

Bz(t) = 0.443 — 0.265 Dst(t) + 0.306 Dst(t+1)
+0.00263 Dst(t)* — 0.0046 x Dst(t) Dst(t+1) +
0.00196 Dst(t+1)* +2.92,

where t is in hours. The given formula may be used for
restoration of the IMF z-component during the hours,
when no measurements of the latter were done. There
was also reconstructed the course of change of potential
difference across the Polar cap by the known empirical
formula /25/.

Up= -11B, + 35.8,

where Uy, is expressed in kV, B, in nT. The difference
in potentials across the Polar cap during the considered
superstorms is given in Table 1.

Discussion and summary

What are, in principle, conceivable mechanisms of
the appearance of red type A auroras ? Cole /13/ sug-
gested a hypothesis, according to which the excitation
of red oxygen emissions 630.0-636.4 nm in the middle
latitudes is performed owing to high temperature elec-
trons, energized because of electric fields or a hypo-
thetical source, which is somewhere in the magneto-
sphere. The hypothesis of the luminosity excitation at
the expense of electric fields was also considered by
Walker and Rees /14/, but they drew a conclusion, that
this idea should not be supported, as even under the
middle intensities of the 630,0 nm emission, the ion
temperature should reach the value of about 5000° at
heights around 200 km, the fact, that has never been
observed, even during very large auroras. Krassovski
/15/ suggested the excitation of the red emission took
place at the expense of intense heating of the upper
atmosphere higher than the F, layer maximum near
exosphere by infrasound waves, appearing in the region
of jets, i.e. in the region of common auroras. This hy-
pothesis is partly confirmed by the reported appearance
of higher than usual temperature during observations of
large red type A auroras /9,16,17/. Unfortunately, all
those hypotheses, implying the excitation of 630.0-
636.4 nm emissions by electrons of very low energies
(2-4 eV) can not explain the appearance of the red type
A auroras spectra, where, as said above, there were
practically always present INGN," emissions, which

require the availability of energetic enough electrons ([J
20 eV) for their excitation.

Concerning the possibility of luminosity spectra ex-
citation of the red type A aurora, precipitated as fluxes
of aurora protons, for the corresponding red lines
630.0-636.4 nm intensities, reaching tens of kiloray-
leighs to be provided, proton fluxes of such density are
needed, which would undoubtedly be found in the
region of middle latitudes by the increase of intensity
of Ha and H hydrogen lines /9/. In the upper latitudes,
although, coincidentally with the observed forms of red
type A auroras there were registered proton fluxes of
sufficient intensity in the first event /18/ or an intense
Ha hydrogen emission in the second one /19/, it should
be noted, that in both of those events, the studied phe-
nomena were separated by large distances, which ex-
cluded their possible connection.

Thus, it remains to suggest, the most probable
source of the red type A aurora generation are low
energy electrons. Electron fluxes within the wide en-
ergy range had previously been observed in abundance
in the Earth’s magnetosphere, but in a recent paper /20/
the authors tried to connect the fact of the presence of
electrons of the large range of spectrum (30 eV<E<30
keV) to observations of middle latitudes red auroras. In
a paper /21/ there was reported a large amount of su-
perheated electrons found (100 eV - 1500 eV) by ACE
satellite, that was at the distance of 1AU, due to the
coronal mass ejection (CMEy).

There was analyzed and generalized a complex of
heliogeophysical data, related to 7 giant storms, when
min Dst < -250 nT: 08-09.02.1986, 13-14.03.1989, 21-
22.10.1989, 24-25.03.1991, 28-29.10.1991, 08-
09.11.1991 and 10-11.02.1958. All of the studied
storms had been preceded by solar flares of various
intensity, in most events, accompanied by coronal mass
ejections (CME). An immediate condition of these
superstorms development was the appearance of an
intense enough and long- lasting southern component
of the interplanetary magnetic field (IMF). During the
main phase of those superstorms over the vast territo-
ries of the Earth there were registered bright auroras the
spectrum of which depended on both the type of helio-
spheric source and the magnitude of solar activity. So,
for instance, during the superstorm of 08-09.02.1986, a
period of very low solar activity there were observed
only green 3 IBC auroras with the ratio of emissions in
the spectrum being Iss77 / Ig3000 >> 1.

In all other events superstorms revealed themselves
in periods of high solar activity, were caused by solar
flares and , as a rule, by coronal mass ejections (CME
s), accompanying them.

During the development of main phases of super-
storms, there were observed global red type A auroras,
in spectra of which the ration of I3 / Is577 exceeded 2.
On February 11, 1958, there was registered an abnor-
mally high value of the emission intensity630,0 nm=
10® rayleighs, whereas the intensity of the green line
557.7 nm made only 10’ rayleighs.
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By the results of the study one can conclude, that
for global red type A auroras to occur, there are, at
least, two conditions needed:
1.The availability of a coronal mass ejection (CME)
from the solar atmosphere and
2. A higher than usual concentration of atomic oxygen
in the region of F-ionosphere, which is observed only
in the years of high solar activity. The low energy
electrons (E < 1 keV) should be considered an immedi-
ate source of excitation of red type A auroras luminos-
ity.

As a rule, data on the parameters of the solar wind
and the interplanetary magnetic field during these
storms were either absent or fragmentary. That is why,
using the available information on variations of the Dst
parameter of the magnetic field and some empiric for-
mulas, the time dependence of the Bz-component of the
IMF was theoretically restored, as well as the estima-
tion of the voltage difference across the Polar cap dur-
ing the main phases of the studied superstorms was
carried out. There were obtained very large maximum
values of voltage difference (100-1200 keV), which
agrees well enough with the results of the available
experiments.
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