7 :\ N0 L/ 7 / 77
AN

@mﬁtcg R@@@l @@ﬂ "flvl MS

Daniel J. Gershman
NASA Godd‘gr\c‘l Space Flight Center



Suite 3 Suite 2 Suite 1

Suite 4

16 Dual
Electron Spectrometers (DES)

NASA GSFC

16 Dual
lon Spectrometers (DIS)

ISAS/Meisei, NASA Marshall




FPI First Light

MMS2: 2015-04-18 12:21:02.135560 - 2015-04-18 12:46:21.122543
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FPI First Light
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plasma sheet
electrons
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Gyrotropy
Investigation of timing signatures g
and physics distinguishing
between parallel and
perpendicular dynamics do not
require precise (<<10%)
calibration.

V., (10°%km/s)

V., (10°%km/s)

Formation of electron beams,
parallel crescents, the
guantification of parallel and
perpendicular heating are
robustly resolved using 30 ms
electron data

Norgren et al. 2020
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Agyrotropy

Instrument-instrument flat-fielding
to a few % enabled the
identification of agyrotropic
features in the distribution
functions.

Electron-scale magnetic holes
provided some of the first
examples of clear distribution
function agyrotropy in magnetized
structures.

R Goodrich et al. 2016
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Electron Moments: Bulk Velocity
Phan et al. 2016

* With accurate - BE @ mms 1 .
spacecraft potential ° gE: e
measurements from : EE
MMS, electron 38
moments became - :
readily calculable. < E.

- Measurements of DC < 3
electric and magnetic o o
fields as well as ion £ -
bulk velocities il -
provided a source of B : —
validation for electron P AT | * N Lo
bulk velocity. B TR W IR SRV |t

| MR NIV |
fE 1 -ﬂmewﬁ_hm.w,m-fr.xmrhwﬁﬁmam,_.ﬁ I‘::E??

WieWhe ol = & ot UT 0% 10



Electron Moments: Bulk Velocity

With accurate spacecraft
potential measurements
from MMS, electron
moments became readily
calculable.

Electron motion dominates
fluctuations at spatial scales
below the ion inertial
lengths, enabling the
curlometer-derived currents
to provide yet another
validation source for fast
electron data

Filamentary currents
observed at only some of
the 4 spacecraft enabled
electron-scale analysis.

Lavraud et al. 2016




Electron Moments: Dissipation

Single-spacecraft
measurements of J and E
provide local measurements
of dissipation

Combined with distribution-
function analysis, the
relationship between
‘crescents’ and dissipation
was resolved.

Dissipation signatures
associated with
reconnection have been
observed in every
environment MMS has
visited — rarely in all four
spacecraft at once given the
small-scale size of observed
features.
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Electron Moments: Divergences
Shuster et al. 2019

Analysis of the

divergence of the electron
pressure tensor became
possible in a few events
where the spatial scale of
Interesting structures
‘cooperated’ with the

MMS inter-spacecratft .
spacing.

Just as phase space
density analysis provided
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density provides insights
into the source of
pressure gradients.
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Electron Moments: Divergences

« Analysis of electron PS. = (P, - V) - u, = P Nu.
stress tensors and P = p & + I
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Electron Moments: 7.5ms

« Synchronized FPI energy-sweeping
across different instruments combined

with the fact that MMS-measured L

electron distribution functions are b“"g o

relatively broad in angle provided an E

opportunity to quadruple the time .

resolution of DES. L
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« 7.5ms data has enabled the resolution of
jets associated with electron-only
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The 7.5ms energy sweep can be broken
down into 0.2ms synchronized energy
steps across 8 instruments.

Superposed epoch analysis of select
Intervals may provide insights into
electron dynamics deep into the kinetic
range.

Can we fully resolve Landau damping

with MMS?
Chen et al. 2019
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« Heat flux is even harder to measure Fargette et al. 2020

MMS 1 12/Nov/2015
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Summary

The “Fast” in MMS's Fast Plasma Investigation has
unlocked a multitude of new observations of electron
dynamics in Earth’s near-space environment

The extended MMS community has continued to push the
envelope to determine what can be done with the collected
electron data.

There are still new frontiers of electron dynamics to
Investigate with MMS — analysis of 0.2ms energy-angle
steps, studies of electron heat flux dynamics, and additional
exploration of pressure tensors divergences all provide
ample opportunities for breakthrough science.



