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Plasmas conditions in solar corona
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Coronal plasma
Difference from collisionless plasma

e Momentum transfer by coulomb collision
BRICKDEFH =X

* Thermal conduction along magnetic field
FXICLHERE

* |onization and recombination B

BRICKLER-BES

e Radiative energy loss (not synchrotron radiation)
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Thermal Non-Equilibrium Plasma

Because RX is highly dynamic, plasma may not reached to
Equilibrium stage! This is new regime for Solar physics obs.

e Non-Gaussian Distribution function K9 24T
—> Power-law distribution, beam plasma

time scale for equilibrium is very short

(kinetic regime or e-e or i-i collision)
e Different temperature in different species

- Ti>Te
time scale for equilibrium is relatively long
(e-i collision) T5XITECEETHLY
* |onization non-equilibrium
— strong heating or flare =k o S5

time scale for equilibrium is long
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Diamag suppression of reconnection

Reconnection (49 e» ﬁﬂl"'a}
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« Diamagnetic suppression of
reconnection (Swisdak+, JGR03),

A first tested in solar wind (Phan+,

AplJ10), has been confirmed for
MP too (Phan+, GRL13).

e At Saturn, high  sheath likely
suppresses reconnection
(Masters+, GRL12).
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MMSIZXKYIERR A TLSHE:
Turbulence from Reconnection
' e 2DAD3DIZHBET. LY

ZLDIZFT)aAxrI 3y
MFEEL. BRI,

Daughton+ (Nature Phys.11)
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Nulls & separator in 3-D reconnection

> surface

separator

Dorelli+ (JGRO7)

Key to identifying the topological boundary in 3-D field.
— Estimation of the reconnection E-field integrated
along the separator.
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A complete catalog of plasmoid structure (2014)

A. reconnection inflow

B. outflow jet

C. post-plasmoid backward flow
D. internal flow

E. flapping jet (KH instability)

9.

10. overexpanded shock diamond (Zenitani+ 2010 ApJ)
11. contact discontinuity (Zenitani & Miyoshi 2011 PoP)

]

2. outershell = slow shock (Ugai 1995 PoP)
3. intermediate shock (Abe & Hoshino 2001 EPS)
4. fast shock (Forbes & Priest 1983 SoP)

5.

6. tangential disconfinuity

7
8

. outer verfical slow shock (Zenitani & Miyoshi 2011 PoP)

Petschek slow shock (Petschek 1964)

loop-top front (Ugai 1987 GRL)
post-plasmoid vertical slow shock (Zenitani+ 2010 ApJ)

fast-mode wave front (Saito et al. 1995 JGR)

12.
13.
14.
15.
16.
17.
18.

Zenitani & Miyoshi 2011 PoP

underexpanded shock-diamond
slow-mode expansion fan?
contact disconfinuity

contact disconfinuity
vortex-generated shock
cocoon

pseudo shock



Kinetic central engine

* Cenfral engine of : 2
magneftic reconnection <= =>

A

« Kinetic plasma: two-scale diffusion regions

m order
~ d; or p;
I ~ df: or pPe
cm order

Electron Kinetic Region * lon Diffusion Region




Hall reconnection
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Particle acceleration
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