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Dynamics of distribution of electric fields and currents in the high- and low-latitude

ionospheres in two hemispheres during equinox SMC events with a steady IMF
Mishin V.V., Lunyushkin S., Karavaev Yu., Kurikalova M., Penskikh Yu. Kapustin V.
ISTP SB RAS, Irkutsk

We give a summary of main results of the open magnetosphere model on the
quadrant asymmetry in the distributions of ionospheric convection and field-aligned
currents under the influence of the IMF azimuthal component. Based on the data
from the worldwide SuperMAG network of ground-based magnetometers, the
dynamics of the dawn-dusk asymmetry in the distributions of electric fields and
currents in the high-latitude ionosphere in two hemispheres is studied using the
magnetogram inversion method during changes in geomagnetic activity for long
Intervals of stationary magnetospheric convection. Possible reasons for the obtained
examples of non-fulfillment of quadrant asymmetry in two hemispheres are
discussed. It is shown that along with the usually discussed external factors, internal
factors can have a significant influence - the effects of rotation of the substorm
current system and the ring current amplification even during weak magnetic storms



Magnetogram inversion technique (MIT)-modification

MIT was developed at ISTP SB RAS [Bazarzhapov et al., 1979; Mishin, 1990]. MIT calculates
time series of 2D maps of distributions of equivalent currents, electric potential, horizontal
and field-aligned currents (FACs) in the polar ionosphere from ground geomagnetic data at
the SUPERMAG worldwide network of stations. It determines boundaries of auroral oval
or oval of FAC’s .Such map was initially obtained by lijima and Potemra [1978] from
statistical satellite data. Initially FAC regions boundaries were identified in MIT manually,
by visually analyzing maps of field-alighed and equivalent currents and by drawing
boundaries with a mouse in a special program on the screen. In 2019 MIT was modified
and began to do it automatically every minute, and not only in NH but also in SH
[Lunyuskin& Penskikh, 2019, 2021; Penskikh, thesis, 2022]. MIT gives a number of
electrodynamic parameters of the magnetosphere —ionosphere system, especially the
magnetic flux through the polar cap which is obtained on FAC maps- not postulated by
“hands” as some length L in Akasofu Epsilon parameter.

Maps of distributions of the equivalent current
function JN (left) and FAC density (right) in
the N Hemisphere for 03:50 UT of August 27,
2001; black isolines on the map of |
correspond to downward FACs; red isolines, to
upward FACs; AJ and Al are steps between
isolines; blue lines, R1, and R2 are the polar
Wi cap boundary (RO0), line of maximum density of
Al = 61085 T - auroral electrojets (R1 — FAC Zone 1 border),
and auroral oval equatorial boundary (R2).




IMF By effect

Consequences of the IMF By effect from the open magnetospheric model
by Stern, lauknn, 1978; Nauknin, Manbues, 1983; Cowley, 1981; Cowley,
Lockwood, 1992]

strengthening of magnetospheric convection and, obviously, field-aligned

currents (FACs), as well as the polar cap (PC) shift antiparallel to the B
direction in the northern hemisphere (NH) and vice versa in the southern
hemisphere (SH) — quadrant asimmetry

With By,>0 1,0 > lyus in NH
Idawn < Idusk in SH
With By,<0 Iy, > lgawn in NH

Idawn > Idusk in SH

We use MIT maps of FAC density distribution, ACE data on SW and IMF, SME
indexes and auroral map from Polar (Supermag.com)



17 AUGUST 2001 STORM By > +20 nT. ELECTRIC CURRENTS AND POLAR CAPS
DYNAMICS IN IONOSPHERES OF TWO HEMISPHERES
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Video overlay of polar cap
borders from MIT FAC maps with
aurora images from satellites:
opposite displacement of PC in
two hemispheres.

In NH IR1+>|R1- corresponds to

Bottom panel shows synchronous the dawnward PC expansion under
variation of Polar cap magnetic fluxes gy ~,50nT. In the SH the inequality sign 1
In two hemISphereS at 11:00-15:30 UT reversed: IR1+<IR1- ’ 2 14 16 18 20 22 24UT

Two substorms led to a disappearance
of the dawn—dusk asymmetry in the
dark S hemisphere
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Equinox events of stationary magnetospheric convection with a
moderate, stable IMF By component

The 6 April 2000 pre-storm interval
SSC at 16:40 UT) By <-4 nT

6 April 2000
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Variations: IMF Bz, IMF By, SW dynamic
pressure Pd, auroral electrojet indexes, and
energetic electron fluxes at L=6.6. Expansion
phase onset (EPO) was at 03:10 UT.
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Field-aligned currents (FAC)
6 April 2000, By <-4 nT
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Variations in in the N/S Hemispheres of:
Region 1 FAC intensities 1%, Iz; and the
dipole title angle ®. The effect of greater
illumination in SH is weakly visible: in the
dawn sector during the substorm growth
phase (up to 3 UT) and in the dusk sector
during the expansion phase (3-4 UT)

6 Apr 2000
19 03:30 UT 12

6 Apr 2000 ’
12 14:35 UT 12

Ai=0.10 pA/m’

Diurnal variations in the inclination of the axis
of the geomagnetic dipole leads to a visible
change in the illumination of the PC and the
FAC oval in the equinox season



KBagpaHTHaA acMMMeTpUa — HapyLlaeTca Bo Bpema cybbypu-
npeobnagaHue MNT B yTpeHHeM cekTope obowmx ML
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6 April 2000 event. By <0

Table 1. Ratios of average intensities of  Table 2. Ratios of average N and S
downward and upward FACs in Zone R1 intensities of R1 FACs <IN/ 1.,.°>) (N>S
(<lg,+> /<lgz,—>) (dawn/dusk asymmetry) asymmetry)

at By <0 in the 6 April 2000 event.
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Bbicokas cteneHb KOppGJ’IFlLI,I/IVI B Bapmnaundax sKBUBAJIEHTHbIX TOKOB U

[T c nHoekcamMu anNeKkTPOLAKETOB (NYHKTUP) B ABYX MONYLLAPUAX —
BO3MOXHOCTb annpokcummupoBaTb Bapuaunm nHgekc AL and AU in SH
24 08 1998
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Pe3ynbTaThbl
«  JddbekTbl By

« [Ilna 6ypu 17 Asr 2001 (ce30H neTo-amma) ¢ o4yeHb cunbHbIM By > +20 HTn kBagpaHTHad
acuMMeTpua peanusyercs B neTHemM ocBelleHHOM nonyLllapumn, a B HeoCBeLLleHHOM
3MMHeM nonywapum cyoodypu ocnabnawT addekTtbl By

e (Ce30H paBHOOEHCTBUA C YMepPeHHbLIMU 3HaYeHusamMu By, nHTepBanbl CO
CTauMOHaApPHOU KOHBEKLUUEeMW.

« 00-16 UT, 6 anpensa 2000: npu yctonumnsbix komnoHeHTax MMM Bz, By < -4 HTn npwu
OTCYTCTBUWN PE3KUX N3MEHEHUIN aKTUBHOCTWN peannadyeTcs MpOoTMBOMOSIOXHAA B OBYX
nonywapuax acummMmeTpusa B pacnpegeneHun MNT -kBagpaHTHas

*  loeuep™lympo B CEBEPHOM NonyLapum, lgeyep<ly s B KOXXHOM nonywapumu.

+ 24.09.1998 By < +8 HTn, Hann4ue pe3KUXx U3MeHeHUN aKTUBHOCTU, UBMEHYUBOCTb
MMI Bz

 KBagpaHTHasg acMMMETPUSA peanusyeTtcs TOSIbKO BO BTOPOM nHTepBane SMC. B nepsom
SMC Bo rnaBHoun gasbl cnabon 6ypu ee HapywaeT ycuneHune KT B Be4epHEM CeKkTope.

« Bo Bpemsa aktuBHOM pasbl cyb6bypu B coObITUSX paBHOO4EHCTBUA npu nobom 3Hake MM
BY B 06oux nostywapuax npeo6nap,aeT 3aﬂa,£I,HbIIZ ANEKTPOXKET N B T nmeet mecTo
acumMmmMmeTpuda IympO > Ieeqep,

B3pbiBHas asa cybbypu moxeTt ymeHbliatb BnuaHue MMM B, B HeocBeLLEHHOM

nonyLwapum

PacnpepeneHue nHreHcmeHoctu INT, nonydyeHHoe TUM, MoXHO ncnonb3oBaTth B

KayecTBe nokasarenen reoMmarHMTHOM akTUBHOCTU- MHOEKCOB anekTpoaxeTtoB AU, AL

B TeX crnyyasax, Korga aTu MHAEKCbl HeA4OCTYMHbI, @ TaKKe B FOXXHOM nonyLwlapuu, rae

OHU HE onpenenAarTCA




