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Magnetic Reconnection in Space

@Shock

P (1)?3 | I @Magnetosphere

cm™) 0,01 plasma sheetdiffusidn 'redion ! ieroset+02
v SR, et (Pleroset+02)

(.
X 2
km s }_5085 .
20
B, s :
(nT) |

(eV) 100

[aTal

2007/01/14

@Solar Chromosphere
(Shibata+07)

‘J

@Solar corona

2



Reconnected flux
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Plasma Hierarchy in MRX

® GEM Magnetlc Reconnection Challenge (Blrn+01)
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Power Resistive MHD Power  Viscous MHD

Diffusion in Fluid

® Viscosity
Turbulence, Dynamo (Schekochihin+04; + ele. diff. region

Lesur+07; Brandenburgl14; TM+15) (e.g., Zenitani+11)
Related to ion diffusion? |
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® Heat transfer =

Flel d allgne d beams [ | (D)Dissipation region
(Hoshino+01; Fujimoto+06;)

Thermal conduction -
(Tsuneta+96; Yokoyama+97) o

Compressible effect (e.g. ﬁl
Birn+11,12)

(C) Electron current layer  (E) Electron diamagnetic jet



Prandtl Numbers

® Resistivity 7
®

® Temperature conductivity «
®Prandtl number Pr=v/«

@Magnetic Prandtl number Pr_=v/n
® Pr~10-3, Pr,,~10~>T4/n>>1 (Spitzer62)

Table 1

Some Examples of Magnetized Plasmas in Space and Their Order-of-magnitude Parameters in cgs Units (Teneran|+15)
Plasma Environment n T B P P
Solar corona 10 10° 50 1072 10
Solar flares 10" 10°-107 100 10-2 — 107! 10°-10"
Solar wind 5 (35-23) x 10* (20-100) p 3-50 10' — 10"
ISM (ionized) 0.2-0.006 10*-10° (1-10) p 10-100 10 — 10%
Intracluster medium 107* 108 (0.1-1) p 10°-10° 10%
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Dissipative MHAD MRX
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® Harris current sheet with
localized perturbation
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Reconnected Flux @ X-point
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Tension
Pressure
Inertia.

Outflow Dynamics - -

Force

® Magnetic tension = Viscous diffusion

20) R
BinBoue = VPouUou /9, | e
_ _ 15 V=3.603, =3 en01
Ui, Bin = Uyt Bout — nBin /5’ _
PinUin L = poutuout5’ \5‘ 0 \ ‘ 41 &‘ ‘\‘j\!uﬂ {w
O \ '
pout 1 QU 0.5 ﬂ
pin 000 . ........ ! Lo e aa

300

200 |
Time



0Q
ot

Emgﬁf@@hy _% (VP xVp)+w-V x (%? ' PUS) .(2D, in-plane B)

IV @@+ QY ]+ |2 B9 - 2.9y

{a)n_l e-03, v=1.e-02, a=3.-01

1.5e-05F
E B-VIVp
1.0e-05 -IB- Vln pip
C Bamchnlc
- . C Compression
NE - . e . 5.0e-06 — Viscous
o ) 0.0e+00 F
= 5.0e-06 -
1.0 2.00 -1.0e-05
0> 0.67 -1.5e-05E . , , ,
0.0 s 0 100 200 300 400
0.67
-0.5 .
104€) - 20 Time

Excitation by
decreasing density

Upstream transport

Excitation even
outside of CS

10



Role of Viscosity
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Reconnected flux

Role of Thermal Conduction
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Analogy to kinetic MRX

@ Effective diffusion coefficients

(Veff ~VA,indi(di/L)’
et ~VA,indi(5/L)’

@ Evaluate MHD eqs. from kinetic solution
/ Vlasov simulation on '@.
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(3)Conduction takes away

by viscosi
iscous heat energy
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® Viscosity and thermal conduction control MRX
when Pr.>1 & Pr<1

Decrease Iin plasma density inside a current sheet
Enstrophy excitation, feedback to upstream
Heat flux removes viscous heating

® Reasonable condition in actual plasmas

® Analogy to kinetic features, e.g, effective
Pr., >1 for two-scale diffusion region

® Resistive MHD => Dissipative MHD

Control Prandtl numbers
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