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(a) Step 1 Z (north)

Interchange cycle
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(a) By > 0, North
[By < 0, South] |
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Reproduction of reciprocal cells in MHD modeling
Sun vor, CONtoOUrs every 3 kVsu

..... s

South

\I | :r,a-” F;_::E:\ t\\.\:\‘\\\\\:\k‘ . \
{ | ((é-r\\‘ )) \ ‘“‘I“I\Illlllllllll\ lll“ )) 1 |IIJI ‘1 A \
A\ Z @)

WA ("
\‘,‘i‘l‘\;\\ W
)

|| Ira’a i \ t
NS i )
e N+
L \\ — o
(1T = 4 /
AN

il

i \‘ A 1
,:J-. i \E\IE:EE‘\\:"\\ \\‘\:.:\\\\wjl ]} ] \.,= | ]
VA | g
\ _;%/;’iwf W)Wl) |’] \\\\\/ vl I ]
N A = I ll A\ f'f/ /
\% ///ﬂﬁaﬁ WAV
\q:—.’%ﬁ;:i

il J'l.l.'llf
i)
:.-’/; /]
A;x‘lﬁf ./

O\

70 -70 -80 -90 -80 -70

dusk < > dawn dusk < > dawn

Bjwe =5 nNT, 6, = 20" (By>0)
Vg = 350 km/s, Ng,, = 5 #/cc, Tg, = 50,000 K



Reconnection in 3D

A necessary and sufficient condition for a general
magnetic reconnection (Schindler et al., 1988):

I Eds=0 Integration along a field line

Reconnection rate R.. «<E

In MHD modeling, Eis useful to identify the
reconnection mode.




Direct proof of interchange cycle:
Field-aligned electric field on separatrices

Field-aligned electric field calculation
® Normalized electric resistivity

7= n 1, =47 x107" H/m
Ho LoV, L, = 6370 km Vo =93.2 km/s
® Model resistivity
n=n,+1, n,: numerical resistivity
2
Em _0.001 (JZJO) N O.OC)l2
(B/B,)*+0.003° (Al/L,)
B, =10 nT Jo =1.26 nA/M’ 1,

® Ohm’s law
E+vxB=nJ E =nJd

]



The “2 null — 2 separator” topological structure

By>0and B, >0
view from the Sun

dawn

Separatrix
Torus: open-closed boundary
Cylinder: open-interplanetary boundary
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Interchange cycle
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