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Liu et al, 2020, ApJL 

Spontaneous Onset of Collisionless Magnetic Reconnection on an Electron Scale

Key Points

• Reconnection onset due to tearing mode 
instability.


• Current sheet thins spontaneously and reaches a 
limit

~2 de.


• Flux pile up in the upstream region during the 
onset 

compresses the current sheet.


• During reconnection, aspect ratio stays more or 

less constant, which increases the width.


• Electron kinetics govern spontaneous onset of 

collisionless magnetic reconnection.


 

2D Reconnection Simulation: Electron-Only Onset

Evolution of current sheet width

Simulation in time



2D Reconnection Simulation: Electron-Only in the Magnetotail

Key Points

Lu et al, 2020, Nature Comm

Magnetotail reconnection onset caused by electron kinetics with a strong external driver

• Electron tearing mode responsible for onset.


• Simulation starts with electron scale with no ion coupling.


• Electron-only reconnection grows into ion coupled reconnection.


• Simulations  are in agreement with EDR signatures without bursty 
reconnection signatures. 


Simulation evolution in time



2D Turbulence Simulation: Electron-Only Identified in Thin Current Sheets

Key Points

Califano et al, 2020, Frontiers in Physics

Electron-Only Reconnection in Plasma Turbulence

• Two injection scale: (A) 0.1 ≤ k di≤ 0.6 (ion scale) 

                    (B) 0.1 ≤ k di≤ 0.3  


(A) No traditional reconnection observed. Only 
electron-only    reconnection.


(B)  Both kinds of reconnection observed. 


 

⊥
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Fully developed turbulence 
simulation



2D Turbulence Simulation: Electron-Only Identified in Thin Current Sheets

Electron-Only Reconnection in Kinetic-Alfven Turbulence

Vega et al, 2020, ApJL 

Key Points

• Kinetic-Alfven turbulence (sub-proton) responsible

for generating electron-only reconnection.


• Both low and high  and  regimes are expected

to populate electron-only reconnection in turbulence. 
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2D Shock Simulation: Electron-Only Identified in the Shock Transition Region

Magnetic Reconnection in a Quasi-Parallel Shock: Two-Dimensional Local Particl-in-Cell Simulation

Bessho et al, 2019, GRL 

Key Points

• 2D PIC simulation of quasi-parallel shock simulation demonstrate reconnection.

• Both traditional ion-coupled and electron only reconnection are 


identified.

• Guide field electron-only reconnection has few de thickness.


 



Canonical 2D Reconnection Simulation: Transition from Ion-Coupled to Electron-only Reconnection

Pyakurel et al, 2019, POP

Key Points

• Scale D is the approximate scale length associated with reconnection.

• Constraint on magnetic bubble size.


• For smallest discernible ion flows r ~ 8 di.

• Fully ion-coupled r~30 di.

Electron-only vs. ion coupled

Reconnection in turbulence

Gradual coupling of ions



3D Electron-Only Reconnection: Finite Length X-line

3D Geometry
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Key Points

• 3D Electron-only reconnection spontaneously 
develops where the magnetic X-line is localized in 
the out-of-plane (z) direction. 


• The consequence is an enhancement of the 
reconnection rate compared with 2D, which results 
from differential mass flux out of the diffusion region 
along z, enabling a faster inflow velocity and thus a 
larger reconnection rate. 


• This outflow along z is due to the magnetic tension 
force in z just as the conventional exhaust tension 
force, allowing particles to leave the diffusion region 
efficiently along z unlike 2D configuration


• Upper limit of reconnection rate in 3D electron-only 
reconnection?

2D vs. 3DSpontaneous generation of many

finite length X-lines in 3D.

Analyzing one finite X-line in 3D

1. Curvature force 
term enhanced and 
depressed outside 

the diffusion region.


2. Out of plane Vez 
flows respond to 
this tension force.

FLUX IN = FLUX OUT












Φj = ∑
l,m

[Ve, j(l, m) . ̂nj]Δ2

Φ1 + Φ4 = 2.72 → z direction
Φ3 + Φ6 = − 5.61 → y direction
Φ2 + Φ5 = 2.72 → x direction



Summary


• Many simulation studies of electron-only reconnection in different regions of the magnetosphere has been conducted.


• Electron reconnection may play a key role in dissipation of turbulence energy at kinetic scales. 


• Is the onset mechanism of electron-only reconnection fully understood?


• 3D reconnection at electron scales is fundamentally different than standard 2D reconnection. 


• Unknowns

• Upper limit of reconnection rate in 3D electron scale reconnection - 3D picture indicate larger than standard reconnection


 rate.

 


• Heating in electron-only reconnection.


• Effects of varying guide field and temperature.


• What else? 


Questions, comments and suggestions!



