S E S 2 02 2
Eighteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
19 — 21 October 2022, Sofia, Bulgaria

OBSERVATIONS OF SUBSTORM ACTIVITY NEAR THE HARANG
DISCONTINUITY

Irina Despirak, Tamara Kozelova, Boris Kozelov, Andris Lubchich

Polar Geophysical Institute, Apatity, Russia
e-mail: despirak@gmail.com

Keywords: Substorm, Westward and eastward electojets, Brekup, Aurora, Harang discontinuity

Abstract: In our work we analyzed one interesting event, when the development of substorm injection
occurs near the Harang discontinuity. It was the event, which was registered on 24 December 2014 from ~ 19: 00
to ~20:00 UT. Note, that this event was registered during very complicated conditions of space weather: there were
series of shock waves, one of them was at the front of magnetic cloud (MC), and then the high speed stream (HSS)
was observed. As result, two geomagnetic storms developed on 21 and 23 December 2014. We analyzed the
substorm observed at the recovery phase of the second magnetic storm. The space-time dynamics of substorm
was considered by simultaneous observations of the THEMIS satellites, the ground-based observations of aurora
(MAIN camera system) and magnetic disturbances (IMAGE network) on the Kola Peninsula. During considered
interval from ~ 19: 00 to ~20:00 UT, the THD was located at |X|~ 6 Re and the projection of THD orbit crossed the
Kola Peninsula. According to the THD data, four dipolarization fronts (DF) are distinguished and according to the
IMAGE magnetometers data, the development of substorm occurs near the Harang discontinuity. It was shown that
the pre-onset auroral forms were moved accordingly the two-cell ionospheric convection, which usually develop
during the growth phase of the substorm.
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A6cmpakm: B Haweli pabome Mbi npoaHanu3uposanu 00HO UHmMepecHoe cobbimue, ko2da passumue
cyb6bypesol uHxekyuu rnpoucxodum ebnusu epaHuybl XapaHaa. dmo cobbimue Habnwdanock ¢ ~19:00 do ~20:00
UT 24 dekabpsi 2014 2. Ommemum, 4mMO OHO MPOUCXOOUIIO 8 OYEHb CIIOXHbIX YCII08USIX KOCMUYECKOU 10200bI:
Habmodanach cepusi ydapHbIX 8071H, OOHa U3 HUX bblia Ha hpoHmMe MacHUMHo20 obnaka (MC), a samem Hayvarncs
8bicoKkockopocmHol nomok (HSS). B pesynbmame 21 u 23 dekabpsi 2014 pasgusanuck 08e MazHUMHbIe 6ypu.
Mpbi uccnedosanu cyb66ypesyto akmusHocmb, Habrdaswyrcs Ha ¢ha3e 80CCMaHOBIEHUS] 8MOpPoU Ma2HUMHOU
6ypu. lNpocmpaHcmeeHHO-8peMeHHasi OuHamuka cyb6bypu paccmampueanacb C MOMOWbK OOHO8PEMEHHbIX
HabndeHul co cnymHukoe THEMIS, HasemHbix HabmoldeHul nonspHbix cusHul (cucmema kamep MAIN) u
MagHUMHbIX 803MyweHul (cemb mazHumomempos IMAGE) Ha Konbckom nonyocmpose. B meueHue
paccmampusaemo2o uHmepsgarna om ~ 19:00 0o ~20:00 UT cnymHuk THD pacrnonaearncs Ha | X|~ 6 Re, a npoekyusi
e2o opbumsbi nepecekana Konbckul nonyocmpos. 1o daHHbIM CriymHuKka ebIOenisimcsi Yembipe ¢hpoHma
Ounonspu3sayuu (DF), no daHHbIM mazHumomempos IMAGE passumue cyb66ypu npoucxodum e8bnusu paspbiea
Xapanea. NokaszaHo, Ymo npedbpelikanoabie agpopasibHble (hopMbi d8U2aiiCb COOMBEMCMBEHHO 08yXsTHEEYHOU
UoHocghepHOU KOHBeKLuU, Komopasi 0bbI4HO pa3sugaemcs Ha npedsapumernbHol ¢hase cybbypu.

Introduction

The study of substorms, their dynamics and fine structure is important for the space weather
investigations. The Harang discontinuity (HD) is an important part of the current systems in the case of
the development of magnetic substorms [1], [2], [3]. Note, that the nature of the equivalent current
systems of a magnetic substorm is formed by three sources: the eastward and westward electrojets
flowing along the auroral oval and currents in the polar cap [4]. By using a large set of ground data
(magnetometers, all-sky cameras, radars) and satellite observations, it was possible to establish that
the Harang discontinuity is the complex structure that varies in space and time, depending on the time
of day and season, and changing under the influence of conditions in the E layer of the ionosphere [5].
Fig. 1 shows the most common schemes of equivalent current systems in the ionosphere for cases of
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substorms, which show the position of the Harang discontinuity. Fig 1a shows the scheme of currents,
where the Harang discontinuity represents the transition between polar electrojets (the figure was taken
from [6]). The scheme shows two types of substorms, corresponding to two types of the electricrojets
with currents of the opposite direction. Fig.1a corresponds to expansion substorms, when the electrojets
are observed that converge closely in the evening-near midnight hours. Fig.1b corresponds to the case
of convective substorms associated with the convection motions.

a) b)

Fig. 1. The position of the Harang discontinuity on two diagrams of equivalent current systems a): transition
between polar electrojets; b): reversal or reverse in the convection parameters. The picture was taken from [6].

However, it should be noted that despite a large number of studies, there is significant uncertainty
regarding the space-time relations between the magnetosphere and the ionosphere during substorm
expansions, and further research is needed using combined satellite and terrestrial data.

We found one interesting event, when the development of substorm injection occurs near the
Harang discontinuity. It is the event on 24 December 2014, when simultaneous observations of the
THEMIS satellites (THE and THD), the ground-based observations of aurora in Apatity and magnetic
disturbances on the IMAGE magnetometers network and Russian Siberian stations (Dixon, Tiksi and
Amderma) were available. Note, that the initial case of substorm activity in this day, during interval from
~16: 00 to ~ 17: 00 UT, was considered in our previous work [7]. During time interval from 14:30 to
20:50 UT on 24 December 2014, THE and THD satellites were located at r ~ 8.0-10.3 Re in the midnight
sector of the magnetosphere and crossed over Siberia and Kola Peninsula. Fig.2 shown the geographic
map with projections of the THD (red line) and THE (blue line) and the locations of magnetic stations.
The first case of substorm activity (~ 16 ~ 17 UT) marked by a blue oval and inscription "1)"; the second
case (19- 20 UT), marked as "2)".

In this work, we considered substorm activity from ~ 19: 00 to 20:00 UT, when THD was at a
distance | X | ~ 6 Re in the plasma sheet, and its projection crossed the Kola Peninsula.
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Fig. 2. Projections of the THD (red line) and THE (blue line) from 14:30 to 20:50 UT on 24 December 2014.
The locations of magnetic stations are marked by stars, the time intervals under study - by blue ovals.
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Data

For our analysis we used complex ground-based and satellites data. The solar wind and IMF
parameters are taken from the CDAWeb database and the catalog of large-scale solar wind types
ftp://ftp.iki.rssi.ru/pub/omni/catalog [8]. Global magnetometer networks IMAGE and SuperMAG,
including data of Russian Siberian stations (Dixon, Tiksi, Amderma etc.) data were used for
determination of the substorm development. The IMAGE magnetometer data are taken from
http://space.fmi.filimage/, SuperMAG magnetometers data - from http://supermag.jhuapl.edu/ [9], [10].
Geomagnetic pulsations were observed by data from the induction magnetometer located in Lovozero.
The data used here are the spectrograms in frequency range from 0.01 to 16 Hz, where the whole
spectrum of natural pulsations PilB is well seen, if their existed. The auroras observations on MAIN
cameras in Apatity (APT), to study the substorm development, we used the keograms and the selected
full-frame images from the Apatity all-sky camera (APT, 67°34N; 33°24E). The camera specifications,
their mutual location and the measurement process are described in detail in [11]. The variations of
fields and particles in the magnetosphere were studied by THEMIS satellites (THD) data. During the
time period from 19:00-20:00 UT the THD was located at r ~ 6.3—8.5 Rg, in the midnight sector: in 19:30
UT GSM coordinates were (-6.3; 4.0; -1.06) Re.

1. Observations from THD satellite and Lovozero data

The data of FGM, EFI, SST, MOM instruments of the THD satellite are shown in the Figure 3a. It
is seen that four dipolarization fronts (DF) were registered by THD data (DF1 =19:18; DF2 =19:37;
DF3z =19:45, DF4 =19:54 UT). DFs were determined by sudden jumps of the magnitude and Bz
component of the magnetic field, the strong variations in the electric field, the growth of the plasma
velocity and the increasing of ion and electron fluxes (e.g. [12]. Four vertical black lines marked the DFs
moments. As will be shown below, DF1was observed during the growth phase of the substorm, the last
three dipolization fronts were associated with the development of the expansion phase of the substorm
and connected with brightening of arcs near the THD projection. In the Fig. 3b shown the PilB pulsations
(the period T = 0.2-15 sec) observed in Lovozero. Note, that these pulsations are associated with
substorm expansion phase and correlated with precipitations of auroral electrons. Three peaks of Pi1lB
pulsations were recorded in Lovozero: 19:22-19:25, 19:34-19:37 and 19:46-19:49 UT. The first peak
was observed in connection with the appearance of beads at the growth phase arc located south of LOZ
latitude. The second and third peaks were associated with the expansion phase of the substorm.

- 1,23
e — = e -l
i i DF DF, DF, DF, -
3¢ 2f
B f
M3
. 3
£ 00F 3
i3 I
§Zi sof :
1
-@" w0f -
YORR- 1 3 L i
Ld I
ke w i o
§5 zg —— R e A s Bl FOS-D
BE b ‘JF},AA,,“ ,,,,,,, S
-8 ‘
20F | 3
qe Ex GSM EFS.0-D
9% 10 ‘ bl B e EERe-D
3t Sodbla ) M‘# eSS
o L .
1 vl
e [ L]
£
S B 2xa0t 10 s
4§ 10" 2T
i o’ hLH il 1
g 2 Wt Ty (v R & ""5%
B0t e e
B st P L 1
43 s 3
i, 20 sk w35
563 = g R 0 B
gs vad : e it
g sao-T '1' 4 ?’lll £ 10° ‘g
“ _— J - 0w g
200 3
& 150 i ==
E; 100 | 3 Vscdon GSM MOM E¢
[ 50 A = J}cﬁ 5 ,‘H |‘_:M &:
3 W;ﬂ’ﬂ\]“"‘“ st = jon GSM MOM E
25 s ‘ 2
~100] !
19:00:00 18:10:00 19:20.00 19:30:00 19:40:00 19:50:00 20:00:00
14 Dec 24 14 Dec 24 14 Dec 24 14 Dec 24 14 Dec 24 14 Dec 24 14 Dec 24
a) b)

Fig. 3. Data of FGM, EFI, SST, MOM instruments of THD from 19:00 to 20:00 UT (a) and geomagnetic pulsations
at Lovozero from 18 to 21 UT on 24 December 2014 (b). Moments of four dipolarization fronts (DF) marked by
vertical black lines (a), moments of three peaks in PilB pulsations — by red vertical lines (b).
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2. MAIN camera system observations

Auroral activity captured by all-sky camera at the station Apatity (APT) is presented in Fig. 4. Left
three panels of Fig. 4 illustrate the temporal dynamics of the camera field of view as keogram: top panels
- the keograms filtered by the horizontal-time difference and by the vertical-spatial difference; bottom
panel - non-filtered keogram for interval 19:30 - 20:00 UT. Some selected images of all-sky camera are
shown in Fig. 4b. During growth phase of substorm were registered "beads" in aurora ~ from 19:18 UT,
which are visible both on the arc near the zenith and on the southern arc (picture not presented here).
At this time, THD registered the first dipolarization front (DF1) (Fig. 3a) and there were some weak
disturbances in the ground-based magnetograms (Fig. 5a). Note, that the first peak in PilB pulsations
at Lovozero was recorded a little later (~ 19:22 UT), when the auroras approached to LOZ latitude. At
the end of the growth phase (~ 19:31:50 UT) a brightening of the most equatorial from all arcs was
observed. Then on the arc, azimuthally spaced auroral folds are formed, moving from East to the West.
This corresponds to the first phase of the breakup (or pseudo-breakup). At ~ 19:33:50 UT, the equatorial
arc again became brighter, ~ 19:34 UT rapidly expand to the pole. This moment concerns to the onset
of the second peak in Pi1B pulsations in LOZ (Fig. 3b). At ~ 19:37 UT (the maximum of second peak of
Pil1B pulsations) an N-S arc occurred, then this arc moves equatorward and reaches E-W aligned arcs.
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Fig. 4. Data of all-sky camera at the Apatity: a) keograms for time period from 19:30 to 20:00 UT: filtered (top
panels) and non-filtered (bottom panel) keograms for 19:30-20:00 UT (a) and some images of all-sky camera for
period 19:31:50-19:39:50 UT (b).

3. Ground-based magnetic observations

Fig. 5 presented the variations of X-component of magnetic field by IMAGE data. Vertical red
lines corresponded to 3 moments of dipolarization fronts (DFs) registered by THD satellite (Fig. 3a),
solid line DF2 marked also the onset of expansion phase.
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Fig. 5. X- component of geomagnetic field from IMAGE magnetometers, the DFs moments are marked
by red vertical line (a); the map of locations of IMAGE magnetometers, red and blue ovals marked
the region of positive and negative bays accordingly (b)
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It is seen that near DF> moment were observed two different regions containing positive
magnetic bays and negative magnetic bays, which marked also as red and blue ovals in the Fig. 5b. So,
accordingly IMAGE magnetometers observations, the development of substorm occurs near the Harang
flow shear.

Conclusions

Analysis of substorm activity using THD satellite data on / X / ~ 6 Re and ground-based data led
to the following results:

1) the fronts of dipolarization and injection of energetic electrons into the magnetosphere were
observed near the moments of sudden intensification of auroras: brightening of arcs, breakup in aurora.

2) according to the magnetometers data, the development of substorm occurs near the Harang
discontinuity

3) the development of aurora was organized according to the preceding two-vortex pattern of
ionospheric convection observed in the growth phase around the Harang discontinuity.
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