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MHD models of magnhetic reconnection

Sweet-Parker plasmoid-dominated Petschek

Sweet 1958, Parker 1957 Loureiro 2007, Bhattacharjee+ 2009 Petschek 1964
Uzdensky+ 2010, Pucci+ 2014
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Solar corona: p<«1
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Bcomeontiare Properties of plasmoid-reconnection in a
"~ enotospnere N\ solar corona (p<<1) is largely unknown.
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MHD simulation

We control the background p

Po=0.2~50 Outflow speed (t = 2000.0)
N\
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n=1/1000, S = 2.5 x 103 for L.s = 250
30,000 x 3,000 (x 2) grid points
500 cores on a supercomputer or 1 GPU (NVIDIA A100)




Simulation results (Movies)

* https://sci.nao.ac.jp/ MEMBER/zenitani/files/b02_outflowB.mp4
* https://sci.nao.ac.jp/ MEMBER/zenitani/files/b02_divvB.mp4

Outflow speed (Vx)
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Normal slow shocks

+ They travel in the left and right directions, even inside the plasmoids

+ Potential particle scatterer/reflector?

Outflow speed (Vx)
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Normal shocks: Analogy to wings

Subsonic
(V << cs) TN
Signatures of TN
transonic/supersonic flow @
Plasmoid moves at Alfvén speed, o
which is transonic/supersonic in T .
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SZ & Miyoshi 2011, 2015
See also https://www.youtube.com/watch?v=80IqfCTAZQo




Reconnection rate

Faster rate ~0.02
for p=0.2

Rec. (0151
rate

Conventional rate ~0.01
0 5 10 for p=5.0

Reconnected flux

+ Faster for lower-p cases
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For p«<1, the rate approaches R~0.02

For p>>1, it approaches the conventional
value of R~0.01
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Estimating the reconnection rate

/.

o | s Mini Sweet-Parker (SP) layers

< > of critical size (Scrit ~104)
L

Rate of the mini S-P layer is Vin  + 29(1 4 B) 'E. 5\:
controlled by the compression ratio Rep = i AT )

. ca By—1)+29BAL/:
and the aspect ratio (Hesse+ 2011) rrrrerererer . Crrreraes :
We assume that | (é) ~ Sc_rilt/ > — const.
the typical aspect ratio is similar. L
Global reconnection rate should scale 2v(1 + 5)
like the compression ratio. (R) ~ Resp o 3(y—1) + 270




Simulation vs Theory

Compression ratio (theoretical prediction) is a functi

on of (P, vy)

Numerical survey for p=[0.2,0.5, 1.0, 2.0, 5.0], y=[1.33, 1.5, 1.67, 2.0]

Rec. rate (simulation) is proportional to the compression ratio
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Energy budget

Theory vs Simulation
Ratio of (Bulk kinetic energy) : (enthalpy
flux) in the outgoing energy flow
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Summary

* Plasmoid-dominated reconnection for p << 1

Visible signature: Normal slow shocks

Higher reconnection rate

Rec. rate can be accelerated to ~0.02 in the p—0 limit

Energy balance: quasi-periodic behavior

+ Reference
e Zenitani & Miyoshi, ApJL, 894, L7 (2020)
e GPU-ready simulation code is available --- Search "OpenMHD"




