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Magnetic reconnection in near-Earth plasmas
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In situ observations and numerical simulations
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Interplay of instabilities and reconnection
at the electron/lower hybrid scales

Multi-spacecraft MMS data
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Interplay of instabilities and reconnection at the electron scales:
the electron firehose instability (EFI)

(b) PIC simulations - | MMS data - indirect evidence MMS data - direct evidence
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Lower Hybrid Drift

* The EFl is a temperature-anisotropy-driven instability that can develop in the
reconnection outflow

* \We report the first direct in situ observations of the non-propagating
electron firehose wave mode in the outflow region in the magnetotail

Review paper: [Graham, Cozzani, et al., Space Sci. Rev., 2025]



Magnetic reconnection and instabilities co-exist.
Is the reconnection affected by the presence of the kink instability?

Large, magnetospheric scales

y Electron kinetic scales

reconnection
' plane \A

J

Kink
instability

MMS observations + PIC simulations
[Cozzani et al., PRL, 2021]

. . . . . b
Simulations allow to follow the time evolution 3D global simulations

of the global system [Cozzani et al., GRL, 2025]
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Interplay of instabilities and reconnection at the ion/fluid scale

3D Vlasiator magnetospheric simulations
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Is the reconnection rate evolution influenced by the kink instability?

* We study the interaction of magnetic reconnection and the current
sheet kink instability in the magnetotail of 3D Vlasiator simulation

* The reconnection rate decreases during the instability growth phase.
Strong interplay of the two processes.

[Zaitsev, Cozzani et al., JGR, 2025] [Alho, Cozzani et al., Ann. Geo., 2024]



Identifying the growth phase of reconnection using
pressure-strain interaction: PIC simulations
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Identifying the growth phase of reconnection using
pressure-strain interaction: PIC simulations

RO L (@t=18] ™
2.0 RS y

0.01

0.00

1 §-0.01

-0.03

» Characteristic spatial structures in the electron
pressure-strain interaction at the EDR edge during

gse ( growth phase only
electron
outflow jet

» Structures associated with opening of separatrices and
formation of the ouflow (dilation/compression)

(Ea') | (1) | (™)

thermal bulk flow Iﬁfgﬁé%{c

Pressure-strain interaction term

[Barbhuiya & Cassak, PoP, 2022] [Barbhuiya et al., JGR, 2025]



Identifying the growth phase of reconnection using
pressure-strain interaction: MMS observations

PIC simulations MMS observations
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Event #3 — EDR crossing along N — Possible growth phase
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Take home messages

Kink instabilities at the lower-hybrid scale can affect electron
dynamics and perturb the reconnecting current sheet and the EDR.

Z [Rg] |
kinking instability

The interaction of reconnection and kink instability is still poorly Sl M o o
understood. Global magnetospheric simulations indicate that the g W W el

reconnection rate decreases during the kink instability growth phase. current sheet
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B non-propagating electron firehose wave mode in the

, . outflow region in the magnetotail. The interaction with
FR— | reconnection is still not understood.
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PIC simulations indicate that spatial structures in
pressure-strain interaction at the EDR edge could be a useful
indicator for the reconnection growth phase. We suggest that
these signatures can be observed by MMS.
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Challenges and open questions



Challenges and open questions
(most of them requmng Cross- scale approach)
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Challenges and open questions

Onset in weakly driven current sheets
(e.g. the magnetotall)

Interplay with waves (3D effects,
anomalous resistivity)

Large-scale X-line topology (extent of
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Role of turbulence

... (this is not a comprehensive list!)
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Challenges and open questions

Onset in weakly driven current sheets
(e.g. the magnetotall)

Interplay with waves (3D effects,
anomalous resistivity)

Large-scale X-line topology (extent
of the reconnection line, prime and
secondary X-lines)

Role of turbulence

... (this is not a comprehensive list!)
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Challenges and open questions

Onset in weakly driven current sheets
(e.g. the magnetotall)

Interplay with waves (3D effects,
anomalous resistivity)

Large-scale X-line topology (extent of
the reconnection line, prime and
secondary X-lines)

Role of turbulence

. (this is not a comprehensive list!)

Turbulent Region 1 MMS2

Turbulent Region 2

(most of them requmng Cross- scale approach)
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