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JAMHAMHUKA TEOMATHUTHBIX ITYJIbCALIM, TPO/I0JIGHBIX TOKOB U
CBEYEHHMA HOYHOM ATMOC®EPKI HA CPEJIHUX IIIUPOTAX BO BPEMA
CYBBYPEBBIX AKTUBU3AILIMI B XO/IE CYIIEPEYPh

10. 10. Knu6aunoBal-2, B. B. Muimuun?!, A. B. Muxanésl, B. llarmaa3,

10. A. KapaBaegl, M. A. Kypukasosal

L Uncmumym cosnHeyHo-3emHotll pusuku CO PAH, Hpkymck, Poccus
2 Upkymckuli 2ocydapcmeeHHbll azpapHbiill yHusepcumem um. A.A. Excesckozo, Hpkymck, Poccus
3 UHcmumym acmpoHomuu u eeodpuzuku MAH, Yaan-Bamop, MoHzoaus

AnHoTanus: Bo BpeMs cyO66ypeBbIX aKTUBU3ALUN B Xoe BYyX cynepoypb 2000 u 2003 rr. no AaHHBIM HAO/II0IeHUH
CpeHeINPOTHBIX reoMarHuTHhIX o6cepBaropuil UC3® CO PAH (Monasl, Y3yp) u o6cepBaTopun Bopok UdP3 PAH
HCCJIEAAYIOTCS KOPOTKONIEPUOAHbIE HPPETYJIApPHblEe TeOMarHUTHbIE MyJIbCAllMY, a TaKXKe CBedeHHe HOYHOH aTMocde-
pbl B 3MHUCCHOHHBIX JIMHUAX KUcaopoga 557.7, 630.0 HM M MoJIeKy/JSpHOH IN0JiIoCE MOHHW30BAaHHOIO a30Ta
391.4 uM (O ONTHYECKUM JAHHBIM reopusudeckoit o6cepBaropuu MC3® CO PAH Topsl). C HOMOIIbIO OPUTHHAIb-
HOM TeXHUKU MHBepCUH MarHuTorpamm MC3® no ofHOMHHYTHBIM JJAHHBIM MUPOBOH CETH Ha3eMHbIX MarHUTOMET-
pOB HcceyeTcs AMHAMUKa paclpe/ie/eHUs JIOTHOCTH NMPOJ0JIbHBIX TOKOB B HOHOCepe. [TokazaHa cBA3b BCILIEC-
KOB INyJIbCAllMi U BO3MYyIeHUI B CBe4eHUH aTMocdephl B OC/IENOTyHOYHOM CEKTOPE C BbIChIIIAHUEM IHEPTUYHBIX
3/1eKTPOHOB (~K3B) 1 ycuseHHeM BbITEKaIOIMX TPO/0JIbHBIX TOKOB 30HbI R2.

KiioyeBble c/10Ba: reoMarHuTHbIE NyJIbCaliuy; 6ypsi; cy66ypsi; cBeueHUs1 HOYHOHM aTMocdeprl

1. INTRODUCTION

Studying geodynamics includes not only processes
in the Earth crust, but also in the atmosphere and in the
near - Earth space. Analyzing the features of variations
in the Earth geomagnetic field is an important compo-
nent of not only geodynamics, but also of space wea-
ther, a discipline of solar-terrestrial physics actively
developed over the last years.

When studying the main objects of space weather
and of geodynamics - magnetospheric substorms and
storms - one observes geomagnetic pulsations of vario-
us types, as well as auroras with the intensity exceed-
ing 100 kR. These events are accompanied by an in-
crease in electric fields and currents in the ionosphere
of the auroral zone that, during superstorms (some-
times observed strongest storms), can spread to the
mid latitudes [Troitskaya, Gul'elmi, 1967; Pudovkin et
al, 1976; Tinsley et al, 1986; Brunelli, 1988; Rassoul et
al, 1993; Kangas et al, 1998; Mikhalev et al, 2004;
Zverev et al, 2012; Leonovich et al, 2013; Li, Wang,
2018]. During the 2003 Nov 20 storm (one of the
strongest), from the mid-latitude geophysical observa-
tories located near Irkutsk (CGM: 47.3° @, 177° A) in
the post-midnight MLT sector, there recorded short-
period Pi1B/Pi1C pulsations, and disturbances of opti-
cal emissions in the 557.7 nm and 630.0 nm atomic ox-
ygen [OI] lines, as well as in 391.4 nm ionized nitrogen
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molecular band, with record-breaking intensity values
[Mishin et al,, 2018]. The authors of the latter paper re-
lated the generation of these pulsations and an increase
in the 557.7 nm and the 391.4 nm emissions to the pre-
cipitation of energetic electrons (~ keV) in the western
electrojet head area. The model calculations of the ion-
osphere parameters showed that the total intensity of
the 630.0 nm emission was caused by the process of
collision between oxygen atoms and thermal electrons
[Mishin et al, 2018].

To continue [Mishin et al, 2018], we analyze the
behavior of short-period pulsations in greater detail
here. In this analysis, we also included the 2000 Apr 6
superstorm, during which Zolotukhina [2005] from da-
ta of the Mondy (MND) Observatory investigated the
irregular pulsations of the decay period (IPDP) and the
Pc1,2 pulsations, but the author did not address the PiB
pulsations, as well as the relation between the pulsa-
tions and field-aligned currents (FACs) and airglow.
The pulsation noise bursts recorded during the super-
storms may be attributed (by morphological signa-
tures) to geomagnetic PiB pulsations that comprise a
short-period part, Pi1B (T=0.5-40 s) and a long-period
one, Pi2, Pi3 (T=40-600 s) [Saito 1969, Kangas et al,
1998]. We analyze the Pil short-period pulsations
(T=0.5-40 s) of all types (Pil1B, Pi1C, IPDP) by using the
observational data of the Borok (BOR) Observatory
during the 2000 Apr 6 storm. All of them are usually



observed at high latitudes, subauroral and auroral
[Kangas et al,, 1998].

2. DATABASE

We use the geomagnetic data obtained at the MND
(CGM: 47.5° @, 177.5° A) and Uzur (UZR, CGM: 48.5° @,
180.7° A) Observatories, both being the facilities at the
Institute of Solar-Terrestrial Physics of Siberian Branch
of Russian Academy of Sciences (hereinafter - ISTP SB
RAS), and also at the BOR Geophysical Observatory
(CGM: 53.9° @, 114° A), a branch of the Federal State
Budgetary Institution of Science Schmidt Institute of
Physics of the Earth of the Russian Academy of Scien-
ces. The data temporal resolution is 0.1 sec. We study
airglow in the 557.7 nm and 630.0 nm oxygen emission
lines, and in the 391.4 nm ionized nitrogen molecular
band from optical observations at the ISTP SB RAS
Tory (TOR) Geophysical Observatory (CGM: 47° O,
177° A) [Afraimovich et al, 2002]. Besides, we use the
1-min data of the global ground-based magnetometer
network, including the Irkutsk Magnetic Observatory
(IRT) data. From these data, by using a genuine magne-
togram inversion technique (MIT-ISTP SB RAS) [Ba-
zarzhapov et al.,, 1979; Mishin, 1990], we obtained time
series of maps for FAC distribution in the ionosphere.
On the maps, we defined the boundaries of the FAC re-
gions by the classification from [lijima, Potemra, 1978].
In this study, we also compare the behavior of the
geomagnetic pulsation intensity and the airglow inten-
sity with the position of the FAC low-latitude region
southern boundary during the addressed events.

The description of the analyzed events from the
ground-based and satellite geomagnetic and optical
observations is presented in a number of papers
[Huttunen et al, 2002; Mishin et al, 2010; Mikhalev et
al, 2004; Ebihara et al.,, 2005; Hairston et al.,, 2005; Hori
et al, 2006, Mishin et al, 2007; Solovyev et al, 2008;
Karavaev et al, 2009; Valladares et al, 2015; Mishin et
al, 2016; Mishin, Karavaev, 2017; Mishin et al., 2018].

3. OBSERVATIONAL DATA OF GEOMAGNETIC AND OPTICAL
DISTURBANCES DURING SUPERSTORMS

3.1 THE 2000 APR 6-7 SUPERSTORM

The 2000 Apr 6 superstorm sudden commencement
(SSC) was recorded at 16:40 UT, when the solar wind
(SW) dynamic pressure (P4) increased from 1 to 14
nPa. The Dy index reached its minimum (-287 nT) at
about 23 UT [see the reference in Mishin et al, 2013].
Within the 2000 Apr 6 14:00 UT and Apr 7 00:20 UT,
the MND and BOR recorded several types of geomag-
netic pulsations: PiB bursts, irregular Pi1C, and IPDPs.
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Besides, within 14-21 UT (Apr 6) and 14-17 UT (Apr
7), mid-latitude auroras were observed at the TOR
[Afraimovich et al,, 2002; Mikhalev, 2013].

Fig. 1 presents the variations in: SW dynamic
pressure (Pq), IMF (magnetic induction vector B),
SYM-H, AE, AL, and AU - indices of geomagnetic acti-
vity from (http://omniweb.gsfc.nasa.gov), and the
H-component of the geomagnetic field from the IRT
(http://wdc.kugi.kyoto-u.ac.jp).

Let us analyze the behavior of geomagnetic pulsa-
tions within two time intervals: the 2000 Apr 6 14-
20:40 UT, and the 2000 Apr 6 20:40 UT - 2000 Apr 7
00:20 UT. Recording the airglow was performed only
within the first interval, when the TOR was in the re-
gion unlit with the Sun (Fig. 2). Figs. 3 and 4 present
the dynamic spectra of geomagnetic pulsations within
the periods (T=0.2-600 s) with indications of the in-
tensity values (in arbitrary units). Within the first in-
terval (14-20:40 UT), one observed several broadband
PiB bursts simultaneously with airglow disturbances in
the 557.7 nm and 630.0 nm oxygen, and in the 391.4
nm ionized nitrogen molecular band (Fig. 2, 3). From
the MIT data, we obtained the FAC distribution maps
for the analyzed intervals, which allowed us to define
the boundaries of the FAC R0, R1, and R2 regions. Fig. 5
provides an example of such a map for 20:25 UT, when
the MND and BOR were in the low-latitude R2 region of
the auroral oval. The southern boundary of this region
at the storm onset was north of Irkutsk and sank to the
Irkutsk latitude within 19:00-20:30 UT. From the IRT
1-min data for the H-component, one can see manifes-
tations for substorm activations in the form of two
bays. Their onsets coincide with the AE-index growth
and the AL sharp drop at ~16:40 UT and at ~20:00 UT
(see Fig. 1). Herewith, the AE-index reaches high val-
ues: ~2500 nT and ~1250 nT, respectively. The first
(noise) pulsation burst within a broad range of periods,
that, by morphological signatures, may be attributed to
PiB pulsations, was recorded at midnight at the MND
and, in the dusk sector, at the BOR at~16:40 UT. From
that time on, one observed a gradual increase in the
intensities of the 557.7 nm (to 180 R), 630 nm (to ~250
R), and of the 391.4 nm ionized nitrogen molecular
band emissions. At 17:10 UT, the MND recorded a PiB
burst, when the SW dynamic pressure (Pq) reached the
next maximum and the AE-index grew. Another PiB
burst was recorded at both observatories during the
next jump in the P4 and in the AE-index at 18:06 UT
[Mishin et al, 2010] against gradual increase in the
emission intensities of the 557.7 nm, 630.0 nm, and in
the 391.4 nm. Dramatic variations in the 557.7 nm and
630.0 nm emissions were observed near 19:00 UT.
A powerful PiB burst at ~20:00 UT was recorded both
in the nightside sector (MND) and, with a higher ampli-
tude value, in the pre-midnight sector (BOR). Herewith,
one observed sufficiently dramatic increases in the
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Fig. 1. The 2000 Apr 6-7 storm. Variations in IMF components, solar wind dynamic pressure (P4), H-component of the geo-
magnetic field at the IRT, SYM-H ring current indices, and (auroral) geomagnetic activity AE, AL and AU.

Puc. 1. bypsa 6-7 anpesna 2000 r. Bapuanuu komnoHeHT MMII, nuHaMu4Yeckoro JaBjieHus coaHeuyHoro Betpa (Pd), H-kom-
MOHEHThI reoMarHuTHoro noJs B o6¢. Upkyrtck (IRK), nunzekcos kosbieBoro Toka SYM-H u (aBpopasbHON) reoMarHuTHOM

aktuBHOCTHU AE, a Takxke AL u AU.

intensities of, first of all, 630 nm (to 3000 R) and 557.7
nm (to 280 R) emissions.

Within the other interval (20:40-00:20 UT), the va-
lue of the SYM-H ring current index gradually drops
and reaches its minimum (-340 nT). At the MND and
BOR, one observed several kinds of pulsations: bursts
of broad-band irregular PiB pulsations, continuous
short-period noise PilC, and IPDPs (Fig. 3). The PiB
burst at ~20:55 UT was recorded only at the BOR,
when the latter appeared inside the R2 region, while
the MND remained south of the R2 boundary.

The next PiB burst was observed at ~21:15 UT only
at the MND, when the R2 southern boundary appeared

676

near this observatory, and, on the contrary, departed
north of the BOR. The PiB bursts were observed simul-
taneously at the MND and BOR at ~21:40 UT, ~22:15
UT, and ~22:40 UT, within substorm activations, i.e.,
increases in the AE- and AL-indices (see Fig. 1). At
those instants, the R2 southern boundary reached the
BOR and came close to the MND. The most powerful
PiB burst was recorded at both observatories against a
dramatic SW pressure increase at ~23:10 UT, when
both observatories appeared inside the R2 region,
which was accompanied by an increase in the AE- and
AL-indices (see Fig. 1). Except the PiB bursts described
above, both observatories recorded long-term series of
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Fig. 2. Variations in the intensities of the 557.7 nm (green), 630 nm (red) emissions, and the 360-410 nm spectral range
(blue) from the TOR data during the 2000 Apr 6 superstorm, within 16-21 UT.

30H 360-410 HM (cuHSAA JUHUSA) N0 JaHHBIM 06¢. Topsl Bo BpeMs cynep6ypu 6 anpesis 2000 r. B UHTepBasie BpeMeHH 16—

‘ Puc. 2. Bapyuanuu UHTEHCUBHOCTH 3MHUCCHU 557.7 HM (3esieHas inHuA), 630 HM (KpacHasi JIMHUSA) U CIEeKTPaJbHbIA Juamna-

21 UT.

the Pi1C pulsations. Herewith, increases in amplitude
for two types (PilC and IPDP) pulsations were ob-
served at the MND within 22:20-23:40 UT, when the
R2 southern boundary reached the latitude of that
observatory. At the BOR, IPDPs were recorded only
within a short interval near 23:25 UT in the upward
FAC amplification region.

3.2. THE 2003 Nov 20 SUPERSTORM

The 2003 Nov 20 superstorm SSC caused by arrival
of a powerful interplanetary magnetic cloud was re-
corded at 08:03 UT. An extended Dst-index minimum
(with a peak value = -422 nT) was observed within 18-
21 UT (see reference in [Mishin et al, 2016]). In both
superstorms, one observed several substorm activa-
tions [Huttunen et al,, 2002; Baishev et al., 2008]. During
the 2003 Nov 20 superstorm, one observed powerful
bursts of geomagnetic pulsations and airglow intensi-
ties in the green (557.7 nm) and red (630.0 nm) atomic
oxygen lines at the mid-latitude UZR and TOR observa-
tories [Mishin et al, 2018]. From the IRT data one in a
geomagnetic field H-component in the interval 16:30-
21:00 UT can see two bays (activation of substorm ac-
tivity) with minima at 17:24 UT and 19:39 UT. Let us
address the behavior of geomagnetic pulsations in each
bay, specifically, within 16:30-18:20 UT, and 18:20-
21:00 UT (Fig. 6, a, b).

Powerful PiB bursts and 557.7 nm emissions were
recorded during the first activation of substorm activi-
ty (bay) near the storm main phase evolution maxi-
mum at 17:32 UT and 17:56 UT (Figs. 6, 7). At the same
instants, the auroral oval southern boundary reached
the latitude of Irkutsk [Mishin et al, 2018]. Herewith,
one observed continuous PilC, and after the PiB bursts,
there came IPDPs (see Fig. 6, a). At 17:56 UT, increases
in the AE- and AL-indices were observed (Fig. 7). Dur-
ing the next substorm activation within 18:20-21:00
UT, against the continuous PilC, IPDPs were also ob-
served (see Fig. 6). Note that the 557.7 nm emission
main maximum was recorded during the increase in
the Pi1C/IPDP amplitude at 19:15 UT. Herewith, the
UZR and TOR appeared within the R2. Later, powerful
PiB bursts were observed at 19:35 UT and 20:00 UT,
and, between the latter (at 19:45 UT), the 630.0 nm
emission main maximum was recorded, when the UZR
appeared inside the R2.

4. DISCUSSION

Broad-band PiB bursts are preferentially observed
in the auroral and subauroral regions, and their gene-
ration is related to precipitating energetic electrons
with the ~10 keV energy and increase in the auroral
electrojet during substorms [Heacock, 1967; Kangas et
al, 1998; Rakhmatulin et al, 1979]. During the two
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Fig. 3. Dynamic spectra of geomagnetic pulsations from the MND and BOR during the 2000 Apr 6-7 superstorm within
14:00-21:00 UT. Shown are the amplitude variations depending on the period (ordinate), universal time (UT) and magnetic
local time (MLT). The relative amplitude values feature a color scale in relative units.

Puc. 3. /[uHaMHUyecKue CeKTpbl FeOMarHUTHBIX MyJbCaliii 10 JaHHBIM o6cepBaTopuil MoHAbl M Bopok Bo BpeMs cylep-
6ypu 6-7 amnpens 2000 r. B untepBaje 14:00-21:00 UT. [loka3aHbl Bapyallii aMIIUTY/[bl B 3aBUCUMOCTU OT Ilepuoja
(opaunaTa), mupoBoro BpemeHd (UT) u MecTHoro MarHuTHoro BpeMenu (MLT). 3HaueHHe OTHOCUTEJBHOH aMIIUTY/bI
XapaKTepHU3yeTcs IBETHOM IIKaJIOH B OTHOCUTE/IbHBIX eJHHULAX.

addressed superstorms, broad-band PiB bursts were
observed during substorm activity increase against the
continuous short-period noise PilC pulsations, and
were accompanied by IPDP increases and by airglow
disturbances in the 557.7 nm and 630.0 nm atomic
oxygen emission lines, and in the 391.4 nm ionized ni-
trogen molecular band at the mid-latitude stations in
the MLT spaced sectors.

The 2000 Apr 6 superstorm sudden commencement
coincides with the onset of the substorm active phase,
because the substorm growth phase started with the
IMF southward turn at ~16:00 UT [Mishin et al, 2010].
Before the SW inhomogeneity main front caused SSC,
two pre-amplifications in the SW density and dynamic
pressure were recorded. They could activate geomag-
netic activity before the SSC [Mishin et al, 2013]. At the
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SSC instant, against a dramatic jump in the SW dynamic
pressure (Pq) and in the IMF transversal components
(By and B;), one observed some phenomena characte-
ristic of the indicated substorm active phase onset: AE-
index growth, powerful noise burst with the characte-
ristic morphological PiB properties, and the onset of
airglow increase. At that instant, the R2 southern boun-
dary was north of the MND and BOR latitudes, where,
nonetheless, one observed PiB bursts and 557.7 nm
and 630.0 nm emissions in various longitudinal sectors.
Supposedly, the pulsations and the increase in the air-
glow observed at 16:40 UT were related to both a
strong compression of the magnetosphere [Huttunen et
al, 2002] and the substorm development beginning
[Mishin et al, 2010], as well as to the shock passing
through the magnetosphere [Samsonov et al, 2007].
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Fig. 4. Dynamic spectra of geomagnetic pulsations from the MND and BOR during the 2000 Apr 6-7 superstorm within
20:40-00:20 UT. Designations are the same as in Fig. 3.

Puc. 4. /[uHaMyuyecKue CeKTPbl FT€OMarHUTHBIX MyJIbCALMA 110 JAHHBIM 06cepBaTopuid MoH/AbI U Bopok Bo BpeMs cymep-
6ypu 6-7 anpesis 2000 r. B unTepBasie 20:40-00:20 UT. O603HaueHUsI TaKKe XKe, KaK Ha pUCYHKe 3.

6.04.2000

Fig. 5. FAC map for 2000 Apr 6 20:25 UT in the geomagnetic dipole coordi-
nates: the latitude - MLT. Bold blue lines show the boundaries of field-aligned
current regions R1, R2 and RO (polar cap). Auroral oval is between the RO and
R2 boundaries. Black fat points show the positions of the MND and BOR ob-
servatories.

Puc. 5. Kapra pacnpejesieHus: NpofoJIbHBIX TOKOB JJisi MOMEHTa BpeMeHU
20:25 UT 6 anpesis 2000 r. B KOOpAMHATAX: IUNOJIbHAsA FeOMarHUTHasl IHUPO-
Ta — MLT. Iloka3saHbl rpaHHUIbl 30H MPOA0JIbHBIX TOKOB RO, R1, R2 (>kupHbIE
CHUHUe JIMHUM) U noJjoxeHHe obcepBaTopuil Mouaesl (MND) u Bopok (BOR)
(uepHbIe >XKUPHBIE TOUYKU). ABpOpa/IbHBIA 0BaJl PACloJIOKeH MeXAy rpaHHLa-
mu 30H RO u R2.

679



Yu.Yu. Klibanova et al.: Dynamics for geomagnetic pulsations, field-aligned currents, and airglow at mid-latitudes...

20 November, 2003

(a) 02
0.5

UZR

1.4

50

Period (s)

500

3000 2000 1000
in arbitrary units

4000

16:30
23:30

16:45
23:45

17:00
0:00

17:15
0:15

17:30

17:45
0:45

18:00
1:00

18:15 UT

0:30 1:15 MLT

(b) 02

o

0.5

1.4 [k

500

Period (s)

3000 2000 1000
in arbitrary units

205

4000

=

600

18:20
1:20

18:50
1:50

19:20
2:20

19:50
2:50

20:20
3:20

1 T T T ]
20:50 21:20 21:50 UT
3:50 4:20 4:50 MLT

I Fig. 6. Dynamic spectra for geomagnetic pulsations from the UZR during the 2003 Nov 20 superstorm for 16:30-18:20 UT

(a) and 18:20-21:00 UT (b).

Puc. 6. /luHamMuyecKkye CEKTPbl FreOMarHUTHBIX MyJIbCalUi M0 AaHHbIM o6cepBaTopuii ¥Y3yp (UZR) Bo BpeMs cynep6ypu
20 Hos16ps1 2003 r. s uHTepBasioB 16:30-18:20 UT (a) u 18:20-21:00 UT (b).

During the following substorm activations at 17:10
UT and 18:06 UT, one observed powerful PiB bursts,
but only at the MND for the first instant, and, for the
other, it was simultaneously at both observatories in
the pre- and post-midnight sectors. These PiB bursts
coincided with the onsets of the substorm expanshion
phases determined from the IMAGE network high-
latitude stations located in the dusk sector [Huttunen et
al, 2002]. Simultaneously with the PiBs, there were
noted weak disturbances of 557.7 nm and 630.0 nm
emission intensities, as well as of the 391.4 nm nitro-
gen band intensity. Herewith, the R2 southern bounda-
ry did not reach the latitudes of Irkutsk, and, conse-
quently, there were no precipitations of energetic par-
ticles at that instant. Geomagnetic field disturbances at
the above 17:10 and 18:06 UT were also observed by
the observatories of the INTERMAGNET network at
high latitudes of the dawn (CMO) and of the pre-
midday (FCC and BLC) sectors, as well as at lower lati-

680

tudes of the night sector (KAK). We assume that the
observed PiBs and disturbances in the airglow were
related to the energetic particles, whose precipitations
occurred in the north, and might be caused by the SW
dynamic pressure jumps (see Fig. 1).

During the 20:00 UT substorm activation, the R2
southern boundary reached the latitudes of the MND
and BOR, where powerful PiB bursts were observed.
Also, there was a sharp increase in the 557.7 nm
and 630.0 nm emission intensities, as well as in the
391.4 nm nitrogen band intensity at the TOR. Hence,
one may assume that the PiB bursts and increases in
the above intensities at that instant were related to the
increases in the upward FACs and the FAC-related pre-
cipitations of energetic electrons in the ionosphere
(EzkeV) during the substorm activity evolution.

Within the other interval, like in the first, the PiB
bursts were observed during the beginnings of the sub-
storm development, when the mid-latitude observato-
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nosiss B UpkyTtcke (IRK) u uHTeHCMBHOCTH 3Muccuit 557.7, 630 HM 110 1aHHBIM 06C. Tophl.

ries find themselves in the R2 region. Herewith, the PiB
burst time at 23:10 UT appeared close to the start of
one of the substorms noted in [Huttunen et al, 2002].
Generating the observed PiB bursts during substorm
activity activations might be related to precipitation of
energetic electrons (~keV) into the ionosphere, to acti-
vation of the western electrojet and field-aligned cur-
rents (see references in [Parkhomov et al, 2018]).

One observed the PiB bursts against continuous
Pi1C pulsations, and the former were accompanied by
IPDPs. Zolotukhina [2005] assumed (for this event) an
association between generating IPDPs in the dawn sec-
tor and an extremely strong compression of the magne-

tosphere. Mishin and Karavaev [2017] showed that the
magnetosphere compression caused a strong south-
ward expansion of the polar cap (and, correspondingly,
of the oval). The auroral oval arrival at the latitude of
Irkutsk might cause strong precipitation of energetic
electrons and an increase in the amplitude of the con-
tinuous Pi1C/IPDP pulsations in the MLT dawn sector.
During the 2003 Nov 20 storm, the PiB bursts, in-
creases in the Pi1C/IPDP intensities, as well as in the
intensities of the 557.7 nm and 630.0 nm emissions
and the 391.4 nm nitrogen band intensity at mid-
latitudes, were observed at those instants, when the R2
southern boundary reached the latitude of Irkutsk,
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which evidences their relation to precipitations of
energetic electrons [Mishin et al, 2018].

Baishev et al. [2008] addressed the characteristics
for four substorms at the 2003 Nov 20 storm main
phase. The onsets of the expanshion phases in these
substorms (11:55, 14:37, 16:27, and 17:53 UT) were
determined by the times of the PiB increases at low-
latitude stations, by the increase in the westward elec-
trojet and in the auroral breakup in the pre-midnight
sector from the Yakut meridional chain. Also, the
westward electrojet southward shift to the latitude of
Irkutsk was revealed after 17:00 UT. At the UZR, the
Pi2 pulsations (at ~16:29 UT) were almost simultane-
ously observed with the beginning of one of the sub-
storms at high latitudes [Baishev et al, 2008]. However,
their intensity is much lower than the PiB bursts. After
the westward electrojet shift toward Irkutsk in each
substorm activation, one observed two couples of the
PiB bursts with ~20-min interval. Herewith, the 17:36
UT PiB burst practically coincided with the onset of one
of the substorms indicated in [Baishev et al, 2008]. At
17:56 UT and 20:00 UT, one observed the substorms,
whose onsets coincided with the PiB bursts. In the ad-
dressed event, the PiB bursts might be related to the
substorm activation evolution, increase in the west-
ward electrojet and in the jet-related FACs, fluxes of
precipitating energetic electrons. To these activations,
the polar and mid-latitude auroras observed at the lati-
tude of Irkutsk were related [Mishin et al,, 2018].

5. CONCLUSIONS

Analyzing the dynamics of geomagnetic pulsations,
field-aligned currents, and the mid-latitude airglow in
various MLT sectors during the 2000 Apr 6 and 2003
Nov 20 superstorms enables to draw the following
conclusions:

1. During substorm activations, when the R2 south-
ern boundary approached the mid-latitude observato-
ries near Irkutsk and Borok, the facilities at these loca-
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