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Component Reconnection

B. B;

cosd < B, /B, cosd > B, /B,

Sonnerup, 1974 Reconnection is not possible



Antiparallel merging vs
Subsolar merging (Component merging).

B|MF | Bime

- Subsolar region - Antiparallel magnetic
Stagnation point field region
IMF firstly meets Opposite directions

geomagnetic field Equal absolute values



Antiparallel merging
Crooker, 1979

Schematic view form the sun of

Schematic view form the sun of the merging (solid) at the dayside
dayside magnetopause. magnetopause for various
orientations of IMF (dashed line)




Polar cap convection pattern in the dayside NH
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- Anti-parallel field condition
Angle of reconnected field lines, 0
Magnitude of reconnected field lines

Relative velocity of reconnected field lines ( \, )

Inclination of the magnetic dipole axis
Weakest place of magnitude along the field lines
Anti-parallel field condition | B i ] By |
Magnetic equator

B, T //\Q \

/| PRE
/ _

reconnection line B, \ magnetic equator
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2. Effect of IMF By and Bz
Two important conditions
(1) Anti-parallel field condition
(2) Magnetosheath plasma flow

How far Is the reconnection region from
the subsolar point.



Rotation of incoming IMF
Projection of minimum B region B=5.0nT

B(X?jS) Z 40Re

o 4 4
g Hadat
i | )
B(x>-5) Z 40Re Z
N
<
l v
B(x>-5) Z 40Re

‘B(x>-5) Z 40Re

B(x>-5) Z 40Re

—d

B(x>-5) Z 40Re

B(x>-5) Z

Y

. B
— )
Yy
40Re¢
ERERR
Y
40Re

40Re



'm

>\

A

o
)
c
()]
=
@)
al
Q.
©
@)
3
@)
al
Y
@)
=
()]
=
©
al

Southward IMF

Potential

Potential

315 ©

e

Potential

270 ©

8=

Potential

Northward IMF



polar cap potential
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Dipole Tilt of Geomagnetic Field

2. Effect of IMF By and Bz
Two important conditions
(1) Anti-parallel field condition

(2) Magnetosheath plasma flow



Dipole tilt and southward IMF

MIID Simulation of Dipole Tilt in Magnetosphere
Tilt = 30 degrees IMF Bz=-3.0 nT T=360 min

X
20Re

Magnetic]

-100Re

Equator




e




MHD Simulation of Dipole Tilt in Magnetosphere
Tilt = 30 degrees IMF Bz=-5.0 nT T= 360 min

last=" 4 ii= 2 nxp= 150 nr= 3500



Southward Dlpole Tilt
IMF ,\Q?‘e\
Magnetic AXis 6(\03\
o
<
X | Reconnection
RS Hinging Point Point
&\0?’ (X= - 10~ - 20Re)
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Reconnection
Point



Comparison of Shape of the Neutral Sheet Between
Simulation and Observations by Fairfield and Gosling

Z 30Re

-30Re

Southward
IMF Bz
-5nT

ZSM

TAIL BOUNDARY

#

(Gosling et al.
1986 )
F «++ Fairfield near -30Re
FS -+« Fairfield near —20Re
G +++ Gosling near —-15Re




Dipole tilt and Northward IMF

MHD Simulation of Dipole Tilt in Magnetosphere
Tilt = 30 degrees IMF Bz= 5.0 nT T=720 min

Z 25Re

20Re -100Re

-25Re






MHD Simulation of Dipole Tilt in Magnetosphere
Tilt = 30 degrees IMF Bz= 5.0 nT T= 720 min
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Northward IMF

Magnetic AXIs

Dipole Tilt
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Effect of dipole Tilt and IMF By component

Tilt angle Is 30 degrees

Northern hemisphere is summer
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i Reconnection for existenge
of dipole tilt and IMF By

N\

Divergent.flow B
From the subsolar point IMF
Geomagnetj
//;_— 2\ field
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reconhection
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Flow
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- - 1. Study of the Dayside Magnetic reconnection
2.4 Discussion e yelte vagnen |

Schematic diagram of the characteristic regions in a view from the Sun
AP: IMF lines are antiparallel to the

I Positive tilt — )
Noult geomagnetic field line

SP: the stagnation point of the
magnetosheath flow

SS=SPFE .
N

SS: the subsolar region on the
magnetopause

(C

MM: the minimum magnitude along
the geomagnetic field lines

By > 0nT (The magnetic equator)

Bz=0nT

FE: the first encounter region where
| IMF field lines first reaches the
IMF IMF magnetopause

Park and Ogino, JGR, 2006




Effect of IMF Bx component by Parker spiral




v 30Re

z 30Re

Dawnward IMF
B=12.2nT, Bx=-By and Bz=-
|BX|

Ms=Vsw/Vth=6.39
Ma=Vsw/Val=2.52

M = Vsw/Vfms=2.34



IMF\ decrease of Duskward IME
magnetic-pressures=150nT, Bx=-By

and Bz=-|Bx|
Ms=Vsw/Vth=4.04
Ma=Vsw/Val=2.05
M=
Vswi/fms=1.83

plasma flow

enhancementof
reconnection on dusk

Mw/‘ push by magnetic pressure

straight

30Re




Dawnward IMF 7 Dawnward IMF
B=12.2nT, Bx=-By and Bz=-|Bx B=12.2nT, Bx=-By
and Bz=-|Bx|
Ms=Vsw/Vth=6.39
S ERRREES By 7 7 /ZMjﬁVSW/VaI—3 08

M = Vsw/Vfms=2.78

J Y L e

>

"




EfEEMHDYEal— 3y
High Resolution MHD Simulation

Steady Configuration of
Earth’'s Magnetosphere



Magnetic Reconnection in Earth’'s Magnetosphere

Northward IMF High Latitude Tail Reconnection (HLTR)
Bz=20nT

Z 10Re

/} t =480 min
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X
LORe

X
15Re -30Re

Y 10Re

5Re

S;;E_];\(l)a;ilMF Dayside Magnetopause Tail Reconnection (TR) or
Reconnection (DMR) Near Earth Neutral Line (NENL)

Z 15Re \
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Convection for Southward and Northward IMF

Poynting flux (blue), plasma pressure (green) and Bz=0 line (red)

Southward IMF Bz=-10nT Northward IMF Bz=10nT

Red lines show Bz=0. 14ji Reconnection High Latitude Tail Reconnection (HLTR)
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Polar Plots for Southward and Northward IMF

. . : 1
Parallel vortex, field aligned currents and parallel velocity | E(p@f + yOJHZ)dI = constant

Ty or rot(B) Vi

Southward
IMF 18
Bz=-10 nT

Ju orrot(B)

Northward
IMF
Bz=10 nT

VII and Q”
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IMF Changes from Southward
to Northward



IMF turns from south (Bz=-10 nT) to north (Bz=10 nT) at t=540 min.
Movie is shown every 10 seconds for 540 — 610 min.

3D MHD Simulation of Earth’s Magnetosphere
Bz= 10nT Nsw= 5/cc Vsw=300km/s t= 661m 00s

Z 20Re

“_20Re



In.

540 mi

10 nT) at t=

-10 nT) to north (Bz=

hown every 10 seconds for 540 — 610 m

IMF turns from south (Bz

In.

ieis s

Mov

Northward Turning from Southward IMF

=0.

Red lines show Bz

Bz= 10a0T Nsw= 5/cc Vaw=300km/s t=661m 00z
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IMF Changes from Northward
to Southward



IMF turns from north (Bz=10 nT) to south (Bz=-10 nT) at t=540 min.
Movie is shown every 10 seconds for 540 — 610 min.

3D MHD Simulation of Earth’s Magnetosphere
Bz= -10nT Nsw= 5/cc Vsw=300km/s t= 541m 00s

Z 20Re

|
} -40Re

-20Re



20Re

IMF turns from north (Bz=10 nT) to south (Bz=-10 nT) at t=540 min.
Movie is shown every 10 seconds for 540 — 610 min.

Southward Turning from Northward IMF ]
Bz= -10aT Nsw=S/cc Vew=300km/s t=541m 00s Red lines show Bz=0.
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Magnetospheric Dynamics
for Northward IMF



2. Results

Incoming Southward and Northward IMF
Bg=1.00*Bo Bz= 20.00T Vsw=300kmy/s t=321m

X 20Re -20Re

last= 10 1= 2 nxp= 200 nr= 800 x = O0.0Re

Vortex train was rolled up in Low Latitude Boundary Layer (LLBL).



Earth’'s Magnetosphere for Northward IMF (Bz=20 nT)

Movie of polar cap is shown every 1 minute for 270 — 330 min.

Vx, Vy 12 Energy Flux Potential

Incoming Southward or Northward IMF

Bam 20.0aT Mows J/ce ViwmdOOkm/: t= 271m



Earth’s Magnetosphere for Northward IMF

IMF Bz=20 nT Vsw=300 km/s Nsw=5 /cc t=461min E, =nJ. =1 ]?];‘f |
L
20Re

L: connection
length

Field-Ah‘gned Current

2™ Feld aligned

, / \currentsshow
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Northward IMF

Bz—20 nT n —5/cc"\

Close

Green

\\\\}u\\\\\x\m

.

P
AN

':.“I"
Y R
L
1y
1y il
il 1
¥
o 1w 2
il
A ;
R )

R é (|X ly, 12)=(11745 14 Re

Temperature

iex of vortex:




BME)axroi a3y
&
MK[IBXAFIvIR



A RIS AL R E IMFIT X 9 D% B % 37T A 38k et

B RZEIMF ﬁ%ﬁ@ﬂ}ﬁlilMFﬂ)ﬁjHﬂ%fﬁﬁ%

Potential

20Re

18 |+

&l
G
i

X

{

v

/

JkmEEIMF Uaroar Jaxroay

Po(en(ial\

20Re

06



o Rz
o IBUFLE

M)Ay arDkEREE

c BRREYIalL—larT) Ao a v DHEIEELRL

ARy

7

PR CRIRBVEHFIEX )R T3> D B ARTGHFIE?

T5RXII—MIBNEIRN)—Y—RBEDERR ?

= (null point)[ZFEEM ? MRAY—D 8
FHETIEFATIVIRIZARBERGEVNAENDS

DH. Yaxryar OIHEIREE L 2

- BElE

EE)ART AV DR REELTDRES ?

MRBEEEOa—N\ILEHE



B K B X

. BMRBEXRIEER AR AVICRO>T—FEH

IZEREN SN S.

70 'JZI*O/E/O)» CAHEATIE R TS 5

14:’& /ﬁ T"

||\/|F0)r1%7b\ﬁjt’c£7a%ﬂ# 1 = B et i [
RIE(25.

. B ARD TS AT RIEB AT E SR A S

B TIEHARIZES. CNITTRAIFE B TR
BERZEMIET D=HTHS.




. SRBEOIXRIILT—(GEER, &, M%) OOBEED

HSEEREY (IR

[XSFEFEDIRILF— ﬁ(@@] . Poynting Flux )
[CEDoTRFES.

. KB REESOIEEIZPoynting FluxTéh 5. ith

Bk ClEPoynting Flux&E 5 &ERKELN.

. IMEDNFEBIZRELGAEHK) RT3 h5ad 5
NTHK[BEXREEREZERLIBKRT S, TDHRE

O—N)VEES B REA—HILIEER A sgdEE

B9 5L,

. s BEEHBEE AT AEILEZRTERTHS.
. HBEBEAFEDHENEBETLEETA T2 THS.

FLWEET AR ESRTAIRIE AED R EE



FR
I

lin

A—N\— TR



B D KRR S =

5%. Chonological List of Large Magnetic Storms
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1859/09/01-02 -1760 Bombay
2 1957/09/13 -427 Alibag
3 1958/02/11 -426 Alibag
4 1989/03/13 -589 Kakioka

BERKDES A — The Carrington Storm of 1859

1859 Bombay Magnelic Storm
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Extreme Condition for Southward IMF
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Bow Shock : xBS

Magnetopose :
xMP

Tail Reconnection :

XTR
Max T : xMT
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: MHD Simulation of Earth’s Magnetosphere
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Thank you for everyone!






