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What is Electron-Only Reconnection?
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Stawarz et al. (2019) ApJL

No Ion Outflow No Ion Outflow

Electron Outflow

Electron Outflow

Intense Current Intense Current

Phan+ (2018) Nature

Phan+ [2018, Nature] identified multiple reconnection 
events in the turbulent magnetosheath

All occurred at electron-scale current sheets 
with super-Alfvénic electron outflows and 
no ion outflows
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What is Electron-Only Reconnection?
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Adapted from Phan+ (2018) NatureStawarz et al. (2019) ApJL
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Electron-only Reconnection In Many
Environments
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Adapted from Phan+ (2018) Nature

Imogen Gingell
i.l.gingell@soton.ac.uk

Reconnection at the Bow Shock

Instabilities of waves in the shock foot 
and turbulence in the extended transition 
region can generate reconnecting current 
sheets and magnetic islands.

Observational Evidence:
Gingell et al. 2019 – Case Study
Wang et al. 2019 – Case Study
Gingell et al. 2020 – Survey

Simulation of Mechanisms:
Matsumoto et al. 2015
Gingell et al. 2017
Bessho et al. 2020

What’s the impact?
Schwartz et al. 2021

Current sheets & twisted field structures visible in the magnetic 
structure of the shock transition. (Gingell et al. 2019)

Turbulent Magnetosheath Bow Shock Magnetotail

Gingell+ (2019) GRL Lu+ (2020) Nature Comm.
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Steve Schwartz – Energy Conversion within Current Sheets in the Earth's Quasi-parallel Magnetosheath
Imogen Gingell – Electron-only reconnection at the bow shock
Mark Hubbert – Electron-Only Magnetotail Current Sheets and Their Temporal Evolution

Rick Wilder – Interactions between whistler waves and parallel electric fields in electron-only magnetosheath reconnection
Alex Chasapis – Electron-scale structures and electron acceleration in magnetosheath turbulence
Riddhi Bandyopadhyay – Dissipation in electron-only reconnection: insights from pressure-strain interaction
Julia Stawarz – Turbulence-Driven Reconnection in Earth's Magnetosheath
Naoki Bessho – Electron acceleration in electron-only reconnection in the Earth’s quasi-parallel bow shock
Mikhail Sitnov – Electron and ion watersheds as precursors of the magnetotail reconnection: 3D PIC simulations and MMS 

observations
San Lu – Electron-only reconnection in the magnetotail: PIC simulations
Yi-Hsin Liu – The Effect of Thermal Pressure on Collisionless Magnetic Reconnection Rate
Kris Pritchard – Reconnection Rates and Guide Fields in the EDR
Prayash Pyakurel – Electron-only reconnection: Overview of simulations
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Reconnection in the Turbulent 
Magnetosheath
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Steve Schwartz

à 3% of sheath volume
à ~11% of solar wind ram energy

Alex Chasapis
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Reconnection in the Turbulent 
Magnetosheath
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Riddhi Bandyopadhyay
Julia Stawarz

Phan et al. (Nature 557, 202 (2018)

Ion pθ & PiD

Electron pθ & PiD

heating

Pressure-Strain and Dissipation

Assume Vlasov

Distribution function α = proton, electron, ...

Add internal energy: dissipation

Identified 60 MMS burst intervals of turbulence
across dayside magnetosheath

Correlation lengths systematically varied 
between sub-solar point and flanks
à Spanned range expected for transition from 

ion-coupled to electron-only reconnection

We systematically identified reconnecting 
current sheets within the intervals
261 verified after manual inspection

j.stawarz@imperial.ac.uk

Survey of Turbulence-Driven Reconnection
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Reconnection Event Properties
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Intervals with shorter correlation lengths tend to have thinner reconnecting current sheets

Faster electron jets tend to be present at the thinner current sheets

Majority of ion jets occurs at ion scale current sheets
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Bow Shock Reconnection
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Imogen Gingell

Imogen Gingell
i.l.gingell@soton.ac.uk

Properties of Current Sheets at the Shock – Ion vs Electron Jets

Ion jets are often absent despite 
measurement of electron jets

-> electron-only reconnection
appears to be is common (or 
even dominant) in the shock 
transition region.

Most observe either no ion jet, 
or very weak ion jet Some strong ion 

jets observed

Imogen Gingell
i.l.gingell@soton.ac.uk

Properties of Current Sheets at the Shock – Electron Jet Velocities

• Electron jet speeds 1-2 VA are typical, with a significant population up to 6 VA

• Fastest (super Alfvenic) electron jets appear closest to the shock ramp.

• Otherwise, no clear correlations between jet speeds and other sheet properties.

Imogen Gingell
i.l.gingell@soton.ac.uk

Properties of Current Sheets at the Shock – Sheet Widths

• Most current sheets are observed at electron scales, or between electron and ion scales.
• Current sheets are not wider further from the shock

• Sheets are generated across the transition region at a broad range of scales. 
• i.e. Thin sheets (electron-only?) are not favoured nearer or further from the shock
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Naoki Bessho
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Electron-Only Magnetotail Reconnection
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Mark Hubbert San Lu
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Electron-Only Magnetotail Reconnection
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Mikhail Sitnov
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Simulations of Electron-Only Reconnection
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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) . n̂j]Δ2

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

Prayash Pyakurel
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• The predicted reconnection rate  in the high-  limit.R ≃ 0.1/ βi β

(X. Li & Liu, APJ 2021)
arXiv:2104.00173 
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Reconnection Rates

12

Yi-Hsin Liu Kris Pritchard

Using electric field observations to extract 
the reconnection rate for a number of 
reconnection events 
(including Phan et al. electron-only event)

Looking into how reconnection rate is 
dictated by plasma parameters 
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Summary & Open Questions
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The study of electron-only reconnection is currently an active area of research that is being looked at in 
different context and from different points of view

Electron-only reconnection fundamentally involves short length and/or time scales making 
measurements from MMS the ideal tool to study it

MMS is providing us an unprecedented opportunity to explore the interplay between turbulence and 
magnetic reconnection, the interplay between shocks and reconnection, and reconnection onset

Discussion Questions (Zoom discussion is copied into the Slack channel)
à How do we distinguish between the diffusion region and electron-only reconnection?
à How does electron-only reconnection energize particles?

Does the lack of ion jets mean that ions can’t be heated (even through secondary processes)?

à What implications does electron-only reconnection have for reconnection onset and magnetotail 
dynamics?

à What is the relationship between shock -driven reconnection and magnetosheath turbulence-driven 
reconnection?


