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Magnetic reconnection in space:
PIC simulation and spacecraft observation
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Japanese Researchers Find New Classes of Electron Orbits
sweras f W 8 @ =]

to better understand
From the Journal: Physics of Plasmas
By AIP News Staff

WASHINGTON, D.C., October 4, 2016 - Phenomena like solar flares and auroras are consequences of magnetic
reconnection in the near-Earth space. These “magnetic reconnection” events are akin to magnetic explosions
that accelerate particles as they rapidly change the topology of the magnetic field lines. Researchers in Japan
have used a new Particle-In-Cell (PIC) simulator to understand how magnetic reconnection works for the
tenuous plasma surrounding our Earth and have identified new classes of electron orbits that help scientists
understand the characteristics of the fast jets of electrons that stream from the reconnection region. The
researchers explain their results this week in Physics of Plasmas, from AIP Publishing.

The ionized gas in space, called “plasma,” is so tenuous that the charged particles (ions and electrons) rarely
collide with each other, but move in very complex ways du to the electric and magnetic fields. This process is
highly nonlinear because as the electrons move, they carry the electric current which in turn changes the
electromagnetic ield. The self-consistent nonlinear motion of the particles and of the electromagnetic field is a
complex system that is hard to predict.

Latest AIP Publishing in the News

Studying Structure to
Understand Function within
‘Material Famnilies’

From the Journal:

The Journal of Chemical Physics
8Nov2016

Shedding Light on the
Formation of Nanodroplets in
Aqueous Solutions of Polar
Organics

From the Journal:

The Journal of Chemical Physics
8Nov 2016

New model developed to
study inflammatory bowel
disease in human biopsy
samples

From the Journal: Biomicrofluidics
2 Nov 2016

Super-Alfvénic
electron jet

https://publishing.aip.org/publishing/journal-highlights/

japanese-researchers-find-new-classes-electron-orbits
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NASA MMS &£

National Aeronautics and Space Administration

MAGNETOSPHERIC MULTISCALE
(MMS) Mission
A Solar-Terrestrial Probe

Unlocking the Mystéries
of Magnetic Reconnection__
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The MMS Mission is managed by the NASA/ rd Space Flight Center.

| Southwest Research Institute is responsible for the instrument suite.
j‘ For more information visit us at http:/stp.gsfc.nasa.gov/missions/mms/mms.htm
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RESEARCH
RESEA LE e the region areund the resonecton sne

(or the X-line) where field line breaking and
reconnection oceur has not previously been in-

PLASMA ASTROPHYSICS

vestigated experimentally in space, owing to in-

Electron-scale measurements of
magnetic reconnection in space

Science Torbert et al. 2018 Science

REPORTS

Cite as: R. B. Torbertet al., Science
10.1126/science.aat2998 (2018).

Electron-scale dynamics of the diffusion region during
symmetric magnetic reconnection in space

LETTER

https://doi.org/10.1038/541586-018-0091-5 a®,

20,

Electron magnetic reconnection without ion
coupling i in Earth’s turbulent magnetosheath

T.D. Phan', J. P.
R.B. Torbert”,

.\1 ()lcrmc(' 1 L I{uldl

£ *1g

. Shay’, J. . Drake*, B. U. O. Sonnerup®, M. l-upmom" P.
sh " :

- Dorelli', D. ). G er
B. Lavraud', 5, A
R.J. Strangeway

Magnetic reconnection in current sheets is a magnetic-to-particle
energy conversion process that is fundamental to many space and
model

respectively, which are 400 times and 80 times better resolved than
previously available data. MMS observations of current sheets in the
turbulent have revealed thin current sheets'!, fast

laboratory plasma systems. In the standard
i

1 le diffusic

region',
On larger scales, i ple to the newly i
field lines and are ejected away from the diffusion region in the
form of bi-directional ion jets at the ion Alfvén speed”*. Much of
the energy conversion occurs in spatially extended ion exhausts
downstream of the diffusion region®. In turbulent plasmas, which

electron flows'*1® and electron heating'*'®. These characteristics are

similar to those observed in the electron-diffusion region of standard
reconnection in large-scale current shceh at the outer edge of the
magnetosphere (the magnetopause)*'” and in the laminar magne-

tosheath (which originatein the solar wind)*1%. However, ion jets, which
should occur over a larger scale and therefore be more easily obser ved if

contain a large number of small-scale current sheets,

has long been suggested to have a major role in the dissipation
of turbulent energy at kinetic scales” . However, evidence for
reconnection plasma jetting in small-scale turbulent plasmas has
5o far been lacking, Here we report observations made in Earth's
turbulent magnetosheath region (downstream of the bow shock)
of an electron-scale current sheet in which diverging bi-directional
super-ion-Alfvénic dectron jets, parallel electricfields and enhanced
magnetic-to-particle energy conversion were detected. Contrary to

rd model of thethin

sheet was not embedded in a wider ion-scale current layer and
no ion jets were detected. Observations of this and other similar,
but unidirectional, electron jet events without signatures of ion

standand is present in the current sheets in the turbulent
magnetosheath, remain elusive. This raises the question of whether fast
electron flows in these current sheets are produced by some process(es)
besides reconnection.

Here we report the serendipitous simultaneous multi- spacecraft
detection of oppositely directed super-ion-Alfvénic electron jets, par-
allel electric fields and magnetic-to-particle energy conversion in an
electron-scale current sheet in the magnetosheath, providing direct
evidence for reconnection without ion-scale coupling in turbulence.

In Fig. 2a-c we show the large-scale context of the MMS observa-
tions in the subsolar magnetosheath region on 2016 December 9 at
8:58-9:43 uT, with large fluctuations in both the magnitude of the
magnetic field (Fig. 2a) and its components (Fig. 2b). Figure 2d-g

laf that
energy transfer and dissipation in electron-scale current sheets
without ion coupling.

reveals these fl be sharp changes in the magnetic field asso-
ciated with large spikes in currentdensity j, many with [j| >2pA m?
and comparable to the peak current densities observed in the

1

Phan et al. 2018 Nature

8102 'l JoQUIaNON uo /Bio

a

woy,

Our

of this region at the electron scale has come
mainly from computer simulations (9-13) and
laboratory experiments (14, 15). The hi
lution of MMS measurements in both time and
space rclauve to prcvmus missions offers an op-

ate the cause of reconnection
ctures and dynamics within

lined by MMS incorporates
ices: (i) four spacecraft in a
rahedron formation with ad-
§ down to 10 kmy; (ii) three-
ignetic field measurements
calibrations allowing for the
lial gradients and time varia-
ky plasma electron and ion
Jutions with time resolution
1s and 150 ms for ions.
Jacecraft were launched to-
2015 (UT) into a highly el
28°) orbit with perigee at 12
| apogee at 12 Ry; (both geo-
1 is being conducted in two
e targeting the dayside outer
magnetosphere (the magne-
ond phase targeting the geo-
hich the apogee is raised to
fuseson magnetopause mea-

he first science phase of the B

ience.sciencemag.org/ on June 4,2016

RIS

Burch et al. 2016 Science

e use of SPEDAS are
pace physics-related
the data plots in this

18. S. Zenitani, M. Hesse, A. Klimas, M. Kuznetsova, New measure
of the dissipation region in collisionless magnetic reconnection.
Phys. Rev. Lett. 106, 195003 (2011). doi: 10.1103/

P

SPEDAS software ap- ) , Structure of the magnetopause. Rev. Geophys. 9,
)le MMS database, so 953- 985(1971) doi: 10.1029/RG00SI004p00953

rated. 20. ). B. Blake et al., The Fly's Eye Energetic Particle Spectrometer
(FEEPS) sensors for the Magnetospheric Multiscale (MMS)
Mission. Space Sci. Rev. 199, 309-329 (2016).

doi: 10.1007/511214-015-0163x

B. H. Mauk et al., The Energetic Particle Jetector (EPD)
investigation and the Energetic lon Spectrometer (EIS)

for the Magnetospheric Multiscale (MMS) Mission.

Space Sci. Rev. 199, 471-514 (2016). doi: 10.1007/
s11214-014-0055-5

M. A. Shay et al., Kinetic signatures of the region surrounding
the X-line in asymmetric (magnetopause) reconnection.
Geophys. Res. Lett. 10.1002/2016GL069034 (2016).

doi: 10.1002/2016GL069034
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Particle-in-cell (PIC) simulation
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5 H8Y Boris solver
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Hockney & Eastwood 1981
Birdsall & Langdon 1985
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