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Near-Earth magnetotail reconnection q

WF

Dayside, nightside reconnection are unbalanced - substorm

Distant
Neutral Line Dayside 100 951122 _ EGEOTAIL WIND, DMSP SuperDarn
80
|' 100-200 RE ADg
60
/Plasma Sheet DNL W
Midtail
maghnetic
Growth Phase flux i
F
[108Wb)] i
Plasmoid A
ADOn |
[kV] 100
Expansion Phase
Near Earth con\/é?tq(;n M :
Neutral Line only UT 13:00 15:00 17:00 19:00

[Nakamura et al., 1999]
Flux,balance

AD = AD, — dF/dt
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GurE Near-Earth tail dynamics

field-aligned current

near-Earth

Aurora reconnection

Plasma jet
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we Multipoint observations in near-tail
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C@F Reconnection region & Cluster

= Cluster “multi-point observation” can resolve:

= Fast ion flows outside ion diffusion region

= |on and electron decoupling = Hall electric current
« Cluster may resolve:

= Electron diffusion (BUT as “single” point“ observation)

N \/ y ~1000 km
¢~25 km

“— electron demagnetized (electron diffusion)
X _@E ion demagnefized (ion diffusion)
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This talk

Cluster and THEMIS observation in near-Earth’s tail during
signatures relevant to “magnetic reconnection”

1. Crossing of thin current sheet
= Motion of X-line
= Jon-scale current sheet

= Electron-scale structures

2. Fast flows (reconnection exhaust), interaction with ambient field
= Bursty bulk flow/dipolarization front

= Flow bouncing/braking



C|;v)|: Crossing of tail reconnection region

> Motion of current sheet and X-line enable to obtain the current sheet
structure
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> Vertical motion 0.
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(Runov et al, 2003)
» Cluster 2-point statistics: majority tailward (Eastwood et al., 2010)



Motion of X-line
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(Alexandrova et al., 2015 )

= X-line crossing mainly tailward (radial outward)
median Vx: -60 km/s tailward motion

accompanied by currrent sheet flapping motion |Vn|: 30 km/s confirmed
by direction of current sheet motion Vcs = (dBx/dz)/(dBx/dt)



Ci;v)F Motion of  localized® X-line

= Qutward propagation of X-line in radial, N
as well as from midnight to flank T o
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Ci;V)F Speed of X-line motion

= Speed of outward motion of X-line is comparable to speed of
inflow (normalized to outflow speed)

- Local reconnection properties relevant to motion
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Gwr  Tailward retreat of onset regions
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» Tailward retreat of ,reconnection region“ - new activation of
reconnection tailward.



C@F Rapid crossing of thin current sheets

= Hall current & its closure current at ion scale (0.9-1.1) c/w,; resolved

2D reconnection configuration
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Gwe  Current sheet reconstructed

= Reconstruction of the current sheet by assuming steady state, 2D Hall-
MHD equation valid during each SC crossings (Sonnerup and Teh, 2009)
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Ci;v)p Transient/localized features

= Transient, internal structures (flux rope, TCRs) identified that are
created in the outflow region
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= Secondary X-line at 15000 km
* (38 c/w,) Earthward of main X-line (~2 wy) (Wang et al., 2014)

= Temporal evolution:
flux pileup [Imada et al., 2009], DP front [Fu et al.,201 3]



Inflow region Solitary waves

E-field and <5 keV electron

October 1, 2001 (_ _

C2 ;.3; 104 10*
SINER

~Sitrec

(Cattell et al., 2005)

Outflow region Flux pileup

1000 —

_ O >
Z 0 :) \\( g
' -4000 -

>36 keV electron

___16:39:43-16:39:51 UT

$
AR
_a 2
§ 0
2012)
2000
0
7 1

2000 £

= _ 23t
o & >50 keV <
09:48:32 T sl electron ~ 20’
- g d & 402
2 C3: ¥=5.0 R
C4 I gyl CHT=65 | z'E 10
= a0 80 120 S 0041 0042 09:43 00:44 00:45 09:46
09 09:49:03 Energy [keV] ut
wow 16 S€C (Imada et al., 2006) (Teh et al., 2012)



This talk

Cluster and THEMIS observation in near-Earth’s tail during
signatures relevant to “magnetic reconnection”

1. Crossing of thin current sheet
= Motion of X-line
= Jon-scale current sheet

= Electron-scale structures

2. Fast flows (reconnection exhaust), interaction with ambient field
= Bursty bulk flow/dipolarization front

= Flow bouncing/braking



Bursty bulk flows (BBFs)

5-20 min in total duration; Consists of a few min long flow bursts;
Essential for flux transport. (Baumjohann et al. 1990; Angelopoulos et al. 1992)

. 2002-09'.01 ' CH1 CI2' C|3_ Cl4 o3 T/ T — T
700y T cconr =] n =358 |AV/(AY-V)|=0.17 + 0.008
I ‘ EFW, FGM

[

[s/wy]

AY=0 dawnside edge

0.2F -

occurrence

01 = AY>0 .
duskside
edge

oo . . . . e p— —
0.0 0.2 0.4 0.6 0.8
[AV/AYmod|/VVmax [ /1000 km]
22:00 2210 rate of change in velocity along Y
[Nakamura et al., 2005] [Nakamura et al., 2004]

> Spatial scale from multi point observations: 2-3 RE in dawn-dusk
(dawn-dusk asymmetry) - Size of reconnection region
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Plasma bubble model (Pontius and Wolf, 1990; Chen and Wolf, 1993):
Earthward BBF is a plasma entropy depleted flux tube

Stretched
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- - - [Sergeev et al., 2012]
[Chen and Wolf, 1999]

= BBF(bubble) penetrates to the distance where its plasma tube entropy pV9
(derived from Bz, Br, p; Wolf et al., 2006) equals that of ambient plasma
(more important than Vx or Bz) (Dubyagin etal., 2011, Sergeev et al., 2012)
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Dipolarization front (DP)

* BBF led by a thin layer of enhanced Bz (or Iy)
Dipolarizati
» Thickness:<5 ion-inertia & <3 gyro scale fr(ma”za o8 @

Z
« Often tangential discontinuity (but not always...) TVX @T
 Localized flux tube bundle (Liu et al., 2013)
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— [Runov et al., 2011] oo. 100 200 300 400
= |on acceleration (Sergeev et al., 2010; AVn = [Vn-Vtiming |
Zhou et al., 2011; Eastwood et al., 2014) [Schmid et al., 2011]
= Hall & diamagnetic current (Runov et al., 2011) 3 Eurther kinetics waited
= Electron pressure gradient (Fu et al., 2012) to be resolved by MMS )

= Major energy conversion (Hamrin et al., 2011; Angelopoulos et al., 2013)
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GurE Flow direction v.s. DF

Plasma bubble type Non-bubble type
= A: small Bz before DF A

= B: large Bz before DF
flow along magnetic

B
duskward deflected flows Post-midnight post-midnight
from direction of . o .
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= flows in different current
sheet configuration.
Evolution A > B? (Schmid et al., 2015)
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= Duskward deflection = jet braking in thin current sheet
(Hall effect, Ex <0, due to non-adiabatic ion leading adiabatic electrons)

= Dawn-dusk asymmetry
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Flow patterns during bouncing qu
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[Panov et al., 2010]

» Pressure gradient >
pushing plasma back

toward tail
> Vortex pattern reverses for

\ Earthward & tailward flow Y.

THEMIS observation

Simulation

[Birn et al., 2011]



(|7 Multi-scale, multl—step |nten5|f|cat|on
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= Multi-point observations from Cluster and THEMIS enabled
to resolve temporal and spatial scales of disturbances associated with
near-Earth magnetotail reconnection:

= Qverall motion of reconnection region: mostly tailward (radial) and
flankward with speed comparable to inflow speed in a flapping CS

= Jon-scale current sheet with 2D reconnection geometry as well as that
with guide field resolved, containing transient/internal features (ex.
flux ropes)

= Localized Earthward plasma jet interacts with ambient fields leading
to: Flow braking/ bouncing, coupling to ionosphere

= Observed signatures are likely mixtures of reconnection properties as
well as consequence of ambient magnetotail dynamics

- Relevance between local and global scale (substorm) processes to be
understood, i.e. Multiplicity? and/or Evolution?

= Context will also be essential for MMS, when studying electron kinetic
processes for studies of near-Earth magnetotail reconnection
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Gwe Magnetospheric convection

S maghnetic reconnection

nightside

dayside

« About 10% of solar wind energy enters magnetosphere
due to dayside magnetic reconnection.

polar cap

ionospheric
plasma motior

OO
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& ()

« Open field lines move tailward over polar cap

* Nightside reconnection jets plasma toward Earth
and back to dayside
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Ci;v)F Why multi-spacecraft ?

= Observation in space requires to detect temporal & spatial changes
by taking into account the motion of the frame of reference
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v: velocity of reference frame relative
to spacecraft

(v-V)Q

»= 4sc: Minimum number of spacecraft to determine spatial gradient
or velocity vector of a planar structure in 3D space
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C@F How to obtain current sheet scales

> Rapid motion of the current sheet allows to resolved vertical profile of current
density (¥){¥] B) in magnetotail current sheet and its orientation

3 4 J Assume rapid crossing of
y a pure spatial structure

by 5B,

Bx

~N v

|
.
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{ -7 4
Z

Velocity determination from multi-point measurement is essential to obtain
current sheet thickness because of

(1) Velocity changes during the crossings

(2) Limited accuracy of ion measurement in Z direction
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Plasma bubble model

Pmed>, Pmed. Bmed p, P.B

[Chen et al., 1999]

Bursty bulk flow (BBF) considered as
plasma bubble: entropy depleted flux
tube (Pontius and Wolf, 1990)

Many observational characteristics
found to be consistent with the plasma
bubble model
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