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Reconnection and tearing instability

Magnetic reconnection—explosive energy release

Christe+, 2017

CME and solar flare

Eastwood+, 2017

substorm

What triggers the fast magnetic reconnection at large scales?

Hesse and Cassak, 2019

Now we know very much about the kinetic scale physics  

Mozer+, 2002

but
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Steady reconnection model in resistive-MHD

Need to break the “frozen-in” condition

Very thin and Extremely Slow!

Are resistive current sheets stable?
Tearing instability (Furth+, 1963; etc.)

Magnetic field lines

𝜆 2𝑎

𝐵0

𝜏𝐴 = 𝑎/𝑉𝐴
𝑆 = 𝑎𝑉𝐴/𝜂𝛾𝑚𝜏𝐴 ∼ 𝑆−1/2

𝛾𝑚

Aspect ratio (thickness) of the current sheet determines whether fast tearing can happen 
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Fast recursive tearing in a collapsing CS

Tenerani+, 2015

Collapse of macroscopic current sheet
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tearing instability

Papini+, 2019

Guide field and oblique tearing mode

incompressibility

Linearized equation set:

𝑆 = 104, 𝑑𝑖 = 0

Guide may increase 𝜸 at large-𝒌𝒙
(slightly) for oblique mode, but the 

maximum growth rate is always the 

parallel modes 𝒌𝒛 = 𝟎

Guide field does not affect the parallel modes (𝑘𝑧 = 0)

Shi+, 2020 ApJ, 902, 142  Oblique Tearing Mode Instability: Guide Field and Hall Effect

Normal component of magnetic field

Réville+, 2021

Helmet streamers Earth’s magnetotail

Bessho and Bhattacharjee, 2014

Normal component of magnetic field is often non-negligible

Kinetic scale: 𝐵𝑛 stabilizes the current sheet

Bessho and Bhattacharjee, 2014

2D PIC simulation

Normal component of magnetic field

Magnetic field lines
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Counter-propagating One-fluid

one-fluid shear flow 

𝑽 ≡ 𝑽𝑨

𝐵𝑧 = 0, varying 𝑽, 𝑆 = 104
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𝐵𝑧 = 0, varying 𝑽

CS needs to be thinner to 

trigger fast instability
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• Shear flow stabilizes tearing mode (sub-aflvénic regime)
• When 𝑽 ≡ 𝑽𝑨: much more stable compared to sub-aflvénic flow

One fluid with finite 𝐵𝑧 𝑩𝒛 stabilizes the current sheet

𝛾𝜏𝑎 ∼ 𝑆−1

↓

𝛾 ∼
𝜂

𝑎2

(equilibrium)

Adjust the net flow speed
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In the two-ion model, the faster average flow makes CS more unstable

M
ax

im
u

m
 g

ro
w

th
 r

at
e

Shi+, 2021 JGR, 126, 11  Stability of the Magnetotail Current Sheet With Normal Magnetic 
Field and Field-Aligned Plasma Flows

Need some mechanism to overcome the stabilizing role of 𝑩𝒏

to make the tearing mode grow

𝑆 > 108 in solar corona

merely diffusion rate

Coupling with jet instability

• Current sheets within turbulent environments 
(magnetosheath, solar wind, solar corona)

• Current sheet at the tip of helmet streamer

Jets may exist inside current sheets

Colored: 𝑆 = 1000

Black: 𝑆 = +∞

Maximum growth rate

• At 1 <
𝑉0

𝐵0
< 2, the 

sausage mode is a 

mixture of tearing 

and streaming-

sausage modes

• At 
𝑉0

𝐵0
< 1, the 

sausage mode is 

tearing-like (because 

the pure streaming 

mode is totally 

stable)

Sausage (varicose) mode Kink (sinuous) mode

Jet increases the growth rate of 

tearing without changing the 

scaling relation between max(𝛾)

and 𝑆 for 
𝑉0

𝐵0
< 1. 

𝑽 ∥ 𝒙

The system is determined by 𝑽 and 𝑩 projected on 𝒌:

As 𝒌 rotates from 𝑩 to 𝑽, the mode transitions from 

pure tearing to pure streaming

𝑽 ⊥ 𝒙: 
oblique 
modes

𝑆 = 104

𝑽 ⊥ 𝑩 + guide field

• Guide field suppresses the oblique tearing mode 

but does not affect the parallel mode (𝒌 ∥ 𝒙) 

(Shi+2020)

• Guide field suppresses the streaming instability

• With certain parameters, the fastest growing 

modes are oblique (peaks in max 𝛾 − 𝜃 curves)

If both a guide field and a jet along the 

guide field exist, the most unstable modes 

are confined to an oblique wave band
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