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1. Introduction to the separatrix

The separatrix is the surfaces (lines in 2D) separating the plasma not yet entered into the
reconnection region from the plasma already processed by reconnection.
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Separatrices: the channels
of inflowing electrons

with low energy



1. Introduction to the separatrix

Inflowing electron beam
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Introduction to the separatrix

Electron density cavity along the separatrix

PIC Simulation
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Introduction to the separatrix

[Fujimoto et al., 2006]
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1. Introduction to the separatrix

“Electrons are accelerated in the acceleration cavities and are therefore capable
of reaching relativistic energies.”
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2. Electron distribution in the separatrix region

(b) cavity
€ P
: 5
= =z
€ E
> >
E E
— w
LIJ% =
= ]37-51keV 2
X5 51-68keV x ®
[Ty {68-95keV 2o
LUE, 495-128keV LL'E
10 30000
> >
o 10008 | & 1000
The energy = 10 keV
10:05 10:06 10:07 10:08 10:09 10:10
Time(UT) Time(UT)
(a) TCL (c) Cavity
Inflowing electrons might have
C1 c4
| been accelerated in the separatrix
£ E region.
10 : ;::ggildicular:‘n 10
—A_ptipa[.allel "

102 10° 10° 17)2 1_(;3 1;4 1;2 1(-;3 18‘ 1(;2 1(;3 1(;'1 [Wang et al., 2012]

E (eV) E (eV) E(eV) E(eV)

28/AUG/2002




2. Electron distribution in the separatrix region
A guide field reconnection  17/AUG/2003
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A thin current layer in the separatrix region

Inflowing electron beam with energy up to

200 keV

3. Multiple density sub-cavities along the
separatrix

4. The strong electric field fluctuations

[Wang et al., GRL 2013]
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2. Electron distribution in the separatrix region: 2™ crossing

V, (km/s)

J(nA/nf) B, (nT)  B.(nT) E/(mV/m) Ncm?)

PAC)

1200
600}
of
1.2F
0.6}

0.0

200

N =

Time (s,from 16:54:54UT)
[Wang et al., 2014]

A thin current layer in the separatrix region
Inflowing electron beam with energy up to
100 keV

3. The strong electric field fluctuations

How the electrons are accelerated
near the separatrix ?



3. Parallel electric field/Double Layers detected near the separatrices

Schematic picture of a double layer sl Potential
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3. Parallel electric field/Double Layers detected near the separatrices

DL: downward current region of aurora
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. Parallel electric field/Double Layers detected near the separatrices
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. Parallel electric field/Double Layers detected near the separatrices: 15 crossing

Multiple sub-cavities; The E, observed just within one of the sub-cavities
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3. Parallel electric field/Double Layers detected near the separatrices: 2™ crossing
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3. Parallel electric field/Double Layers detected near the separatrices: 2™ crossing
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Signature: a unipolar E, followed by a series of bipolar E,,
The unipolar E,: Double Layer; the bipolar E : Electron hole
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The DLs and Ehs velocity cannot be estimated by time delay of two probes

Polarity of Ehs: first positive then negative, moving parallel to magnetic field

[Wang et al., GRL 2014]



3. Parallel electric field/Double Layers detected near the separatrices: 2™ crossing

An electron beam observed right Assuming the DLs are moving towards X-line ,
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DL: E,~-20 mV/m, At ~ 100 ms
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3. Parallel electric field/Double Layers detected near the separatrices: 2™ crossing

Double Layers are created repeatedly during reconnection and propagate away from
the X-line. Electrons could experience numerous DLs while they are moving
towards the X-line, and accelerated to high energy.
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3. Parallel electric field/Double Layers detected near the separatrices: 2™ crossing
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4. Discussion & Conclusion

By using several magnetic reconnection events in the
magnetotall, we studied electron acceleration during
reconnection. The main conclusions:

1.Electrons have already been accelerated (up to 100 keV)

in the separatrix region, while they are flowing towards the
X-line

2. There are multiple sub-cavities in the separatrix region.
The electron acceleration might be closely associated with
the sub-cavities.
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4. Discussion & Conclusion

3. The parallel electric field directed away from the X-line
could be responsible for the electron acceleration.

4. Double Layers are created repeatedly during
reconnection and propagate away from the X-line.
Electrons could experience numerous DLs while they are
moving towards the X-line, and be accelerated to high
energy.

5. EHs are gathering towards the X-line, might play a role
in anomalous resistivity by scattering electrons 1n
reconnection.
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