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VAL-C model + smooth extrapolation to the corona
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* e-n collision dominates in lower
chromosphere (=> weak ionization)
* e-i collision dominates in uppper
chromosphere (=> partial ionization)
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Ambipolar/Hall is important in small scale ... important in reconnection!
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Hall reconnection
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Current sheet thinning by ambipolar diffusion
(Zweibel-san’s talk)
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Effect of non-uniform ambipolar diffusion

color: current densit

Ambipolar diffusion #0

Ambipolar diffusion localized in x < £20
Ohmic resistivity is uniform
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In Sweet-Paker-like stage, the reconnection - Reconnection rate ~ 0.001
region consists of 3 layers: !
- resistive-dominant inner current sheet 1072k ~JxBxB .
- ambipolar-dominant outer current sheet : :
- advection-dominant inflow region i Cvnip”x’ )

1077 F el 27
Ambipolar diffusion causes plasma heating o,
=>outflow driven by gas-pressure gradient [ 7 ’
from the ambipolar layer oL /,’
Note: two-fluid treatment is necessary to : ,’/ o
quantitatively address the (ion-dominant) T
outflow from resistive layer Q.01 0.10 1.00 10.00



Petschek-like regime

color: current density
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Ambipolar diffusion uniform + enhanced in x < £2
Uniform resistivity
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Even though the resistivity is uniform, the Reconnection rate ™ 0.01

localization of ambipolar diffusion causes i -VxB
local thinning of the current sheet, leading ©~
to Petschek-like fast reconnection
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Similar astrophysical plasmas:
molecular clouds and protoplanetary disk
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*Hall dominates in inner disk
Ambipolar dominates in outer disk and molecular clouds
*Dust particles play significant role ... different from sun



Similar astrophysical plasmas:
Dwarf nova disk in quiescent phase
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* Ambipolar, Hall, and Ohmic terms dominate in inner, middle and outer disk, respectively
* T>10%° K in outburst phase => fully ionized



Similar astrophysical plasmas:
Interior of neutron star
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Reconnection with multiple plasmoids/X-lines
in High S reconnection

S = LV,/n = 107 simulation by Samataney+09

 Multiple islands (plasmoids) by tearing

* Tearing in reconnecting current sheet

=> effectively reducing L
=> reconnection faster

=> further thinning
=> connection to kinetic scales?

Enhanced reconnection rate with
ejection => inherently intermittent
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Hinode/SOT CaH

High-resolution imaging by SOT

 Reconnection looks bursty
 Multiple plasmoids?

Singh et al. ApJ in press.
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