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SCHF D H1 & EPPI

L IR1BPRI

th#& EEPPI (Preliminary
positive impulse) & 7R &
PRI(preliminary reverse
impulse) X B BRFIZFE A,

W EEE =Rt
CTHEHETEZS,

980218 H-—component
T T 17T T 17T T

Magnetic Field Intensity [nT]

NN Y Y T Y T Y
02:40 02:45 02:50 02:55 03:00 03:05 03:10

(Kikuchi et al., JGR 2001)




morning

(e)
Equator

early morning

afternoon

M SRR =5 (SC) DHHAA 7N JLA (PRI)
EFAINILA (MDD
2 E M G BREFTE (Araki, 1994)
Latitude and local time dependence of the
PRI/PPI

PRIFFRDEHEELRFBFETENSD

The preliminary impulse (PI) preceding the
main impulse (MI) appears as the
preliminary reverse impulse (PRI) and the
preliminary positive impulse (PPI),
depending on the local time and latitude.

afternoon "

The complicated latitude and local time
dependence are explained by means of

. | dayside DP2-type 1onospheric currents caused by
R dusk-to-dawn (PRI/PPI) and dawn-to-dusk

Fig. 11. Decomposition of the SC disturbance field into DP- (MI) eleCtrlc ﬁelds°

and DL-sub-fields.



PRI il BE 7
Equivalent currents of the preliminary impulse (PRI/PPI) consist
of twin current vortices at high-to-mid latitudes and zonal
currents at the dayside equator

downward
00 upward

The latitude and local time
features were explained by
means of the DP2-type
ionospheric currents driven by 4
the dusk-to-dawn electric field
impressed from the
magnetosphere.

Nagata and Abe (1955)




Tamao [1964]l%. PRIZcompressional MHD;E M SE—R E S 1=
CTE—F (Alfvenig)TiRBATEHEL 1=,

=Gk E IR EENDNEL D, FEICIFER TSR,

[Tamao, 1964]
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$B18; & IR B TRIFFIZ (10P0 5 ) B
&ATéPRl

The PRI started simultaneously at the dayside
geomagnetic equator and afternoon high
latitude within the temporal resolution of 10
sec (Araki, 1977).

This result suggested instantaneous
development of the

it

S12E PRI
REETIEENLL

JrIEPRI
(Araki, PSS 1977)
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1
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0210 ] 0220UT
Equatorial PRI

ctober 22, 1958
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Field-aligned currents during SC/SI
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WS BIERE RO —Eh %
HigE e L THRis EEEE A~
MmAT S (PRIERR)

MR BEMREICE > TITAN
Xt O gD LA iR NIRRT
MO ERETLHMIEBERR)
PRIZERZREHRIE(THND

(Araki, AGU Monograph 1994)
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Magnetosphere-ionosphere current system of the PRI/PPI

Field—Aligned

Currents

[Mid Latitude]

\

[Equator]

Alfveén
Waves
I Polarization Currents I
2 Polarization
Compressional Waves e

ions are caused by
due to the magnetopause
tegospheric Hall and

Ground magnetic perturb
superposition of magnetic fie
current, field-aligned currents an
Pedersen currents.

Chapman-Ferraro Currents

(Kikuchi et al., JGR 2001)
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Current System during the Magnetospheric Compression

[Luu |
S
c

MHD Simulation by T. Tanaka

The 3-D current system consists of the magnetopause source

f (754, 505)
M BEERE :

time : 1.00000

i



MHD simulation THBEREIN=PRID;R#EHIHEER

06h

00h (0h

(Fujita et al., 2003)
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The propagation mode is a
diffusion mode in the E-region and

- Xy/
an evanescent mode in the F- E, = EOErfc[ ﬂoaj

region, both of which can not 2t
explain the instantaneous
propagation. X =5000km

o =10"mho/m

E%-—G*Eﬁ&%_ls?%éf:&)(:\ Propagarion in the Erzgion
PRI BRFF =& TE7E0V(Kikuchi
and Araki, 1979a)

Laoo o000 15000

Time (sec)
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lenosphere
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: . The polar electric field is transmitted
%S;;};;;;mm to the equator at the speed of light by
o the TMO mode in the earth-

e st lonosphere waveguide. The TMO
mode has no lower cutoff frequency,
which enables long-period

Kikuchi et al. [1978], Kikuchi and Araki [19790] disturbances to propagate to the

equator.

\
]
|
i
1
I
1
\

R TIGET S
SEEEIR#MAEOTHA=HIZ. PRI,
DP27:E DR B EEN LIRS




BB Ak B AL 0D IR E G iz
Transmission of the potential electric field in the three-layered

Earth-ionosphere waveguide

The Poynting flux is transmitted horizontally at
the speed of light by the TMO (TEM) mode wave
in the Earth-ionosphere waveguide (Kikuchi et £ (0=E (x)-U(t—i
al., 1978; Kikuchi and Araki, 1979). The electric me v
field in the ionosphere is transmitted along the
field lines into the inner magnetosphere.

B0 ()= Hy )

o _
Poynting flux FEREXGE

L. — &I ERREE NS B,
BANMEET S,

BREEE R EAAEL
BHETSLHET 5L | T N
1<, EANGIET 5

SxV (X) = ZOHyVZ(X) = EZVZ(X)/Z

Kikuchi (AGU monograph, 2005)



GEOMAGNETIC H-COMPONENT
at HUSAFELL

_IEhJ%EAxPR|&HH#' PR

IO RAIDIERZEE "’E
—CEE/ I]é’haf"

(HF Doppler observation)

r%E Jﬂ:]l

\/ PRI at high latitude

GEDMAGNETIC H-COMPONENT
at KAKIOKA

SCF (SC-associated Frequency

deviation) is preceded by a negative . SC at low latitude
PED (Preliminary Frequency

Deviation) in the midnight. s @ s ot i
The PFD occurs simultaneously with oy

the high latitude PRI within a time
resolution of 10 sec.

2.5 MHz

v HF Doppler at low lafi
(Kikuchi, JGR 1986) R

FEBRUARY 20, 1984
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ER i s B (L=4-5)~ 173 LA
NIZIGE

(Nishimura et al., JGR 2009)

Sudden southward turnings of the IMF
(top panel) caused increases in the
polar cap potential (bottom panel) and
the electric field in the inner
magnetosphere (4™ panel).

=
E
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=
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Field strength (H)
[nT]




W B TERIIN=SChn

Preliminary impulse (P1)IZ4¥25%E

15 & BB A5 D Poynting flux

PI{Z{#¥5dusk-to-dawn EIZHE
fEEMHDR XY BCRHET S

BREN B ANRHD
Poynting flux

Nishimura et al. (JGR 2010)
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Clhuster C1 and C3

13 Jan 2004
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Dungey (1961)
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Region-1ipt HigE *T}ﬁf'-éfﬁd)’f'fd‘%
(MHD L322 I2&D)

Region- 1 FAC
[Tanaka, JGR 1995]




ength [nT]

Field sir

ength [nT]

Field sir

z f Vi -
f/ \ﬂ\ vl \\ \/\ S
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X1 B 12 DA 71 1E 8] = R IG &
Instantaneous transmission of the DP2 current to
the equatorial ionosphere
(R1 FAC - DP2 Current circuit)

Excellent correlation between the high
latitude and equatorial DP2 suggests
Instantaneous transmission of the electric
field and current to the equator.

\IIF
13:00 1330 R = 01900

Time [UT]

Equator T = 25 sec
Mokolo

Region 1 Field-Aligned Current

Pl

Time [UT]

A current circuit is completed
between the R1 FAC and the
equatorial DP2 current.

(Kikuchi et al., JGR 1996)

Field-Aligned
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[lijima and Nagata, 1972]

Growth phase (DP2) Expansion phase (DP1)

GROWTH PHASE EXPANSION PHASE
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April 20, 1293

Magnetometer chain in
the afternoon sector

Kikuchi et al. (JGR 1996)

Latitudinal profile of the DP2 current

April 20, 1993
—

Magnetic Field Strength [nT]

1500

penetration

1000

500 :\PJ”J\\\

Kilpisjarvi

Nurmijarvi+3

Lagquilla+B

150 rww\
1218 UT r :
[ —
" 430007 Equatorial |
DP2 i
M Tamanrassets§
T 100 F - ]
=
[ = or- B
-g L H I H
:E i jatorla _M0k0|0*5
nr] N
g 50 | /EJ
: 4 Sao Luiz :
i % Mokolo
0 ] . ! . ! - =500 1 0 ol [T A R R A R R R
80 60 40 20 0 —20 12 13 14 15 16

Corrected Geomagnetic Latitude [deg]

Tirme [UT]



$I R — LB EHORAAEIBLGEREDBERES

April 20, 1983

Convection electric field
(R1 FAC) and shielding
electric field (R2 FAC) at
auroral (EISCAT) and
mid latitudes

(NURmIyarV) T e e

The R2 FAC electric field —
can overcome the R1 FAC . Substorm -
electric field, when the R1 f i

FACs decay rapidly.

Electric Field [mV,/m]

E1+0.40

Electric Field [m¥/m]

(Kikuchi et al., JGR 2000) 1400 15:00

UT [hours]




YT R b —AFFIZ3ET HDR2FAC-CEJ i %

Magnetosphere-ionosphere current system is composed of the R1 and R2 FACs and
lonospheric currents. The equatorial CEJ connects with the R2 FACs, which
become dominant when the R1 FACs decay rapidly because of the northward

turning of the IMF.
R1 FACs Dynamo in the
a Dayside Outer Magnetosphere

R2 FACs Dynamo in the
R2 FACs Nightside Inner Magnetosphere

e

Eastward Electrojet
(DP1) Partial Ring Current

R1 FACs

R2 FACs

Reversed lonospheric
Currents at Mid-latitudes

Equatorial _
Counter-Electrojet (Kikuchi et al., JGR 2003)
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(Hashimoto et al., JGR 2011)
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38 [F) & 3 it (B E i FE 157)

(a) 15:56-15:58 UT (b) 16:00 - 16:02 UT

" 159600 - TERO0 UT E Fieb E003 ERT 160000 - EO200 UT
+F T

The sunward convection B O\ P NN
in the afternoon sector is SRR WZISIAL SNVE (i F=7/0S
intensified at the onset of W2 77 O Wiy
substorm.

The anti-sunward U e
I (c) 16:12-16:14 UT.

convection appears o

equatorward of the

sunward convection.

B0 - EHO UT - B30 UT
r r

The latitudinal features of

the convection flow -
implies development of .

¥

the R2 FACSs.
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BBt CEJ begins 2 min earlier than the midnight positive bay
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Kikuchi et al. (JGR 2008)
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ACE data is shifted in
time by 32 min.

December 14-15, 2006

(1) Quasi-periodic DP2
fluctuations are composed of
EEJ and CEJ caused by the
southward and northward IMF,
respectively.

(Kikuchi et al., JGR 2010)
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(2) The CEJ appears during the Geca  Decla | Dels  Deals  Deeds  Deeds  Deots
. 2doe . E:;IUB : 2008 2008 2008 2008 2008
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Substorm breakup

occurred simultaneously
with the equatorial CEJ.

The overshielding started
at 2320 UT, when the
westward electrojet was
intensified suddenly at
SOR. This indicates that
the overshielding was
caused by the substorm.
The following reversed
currents could be due to
the disturbance dynamo,
but the reversed currents
could be due to the
overshielding, since they
continued until 05 UT, Iin
concert with the westward
auroral electrojet at SOR.
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B Rk D BABARF2321 UTIZAuroral breakup A& &
(Tromso/Ramjordmoen)
[Courtesy of Dr. S. Nozawa at STEL]
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