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What is the origin of magnetic holes?

» Candidates: mirror-mode instability, nonlinear Alfvén waves, solitons, decaying turbulence ...

> In Earth’s magnetosheath: high-Mach and quasi-perpendicular
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shock favors the growth (e.g., Soucek et al. 2015)

> Mirror-mode instability > Quasi-steady structure
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» Magnetosheath
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What is the evolution of magnetic holes?

> In velocity space, particles response to the field and structure variations differently™
a) Betatron effect with slow temporal variation of field:

T=0> =TT <0y, decreases gkt 1)
b) Fermi effects possibly due to structural convergence; IEL e %,
v Mirror points moving apart > v, decreases ~_,.+*"" %,
v" Mirror points moving together 2>, mcregse‘s ".‘

Counter-streaming beams? V,



What is the evolution of magnetic holes?

> In velocity space, the energy of electrons changes due to betatron

and fermi effects = electron kinetic instabilities to grow?
» Final stage of magnetic holes? Kinetic evolution?

Counter-streaming beams? Quasi-linear diffusion via Landau
After betatron cooling + Fermi acceleration resonant Wave-particle
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Multi-scale process?
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> A case near the sub-solar MP
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Magnetic hole case: 2017-01-25/00:25:45 + 5 seconds
» MMS tetrahedral formation
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Large diamond at plot time, then smaller diamonds for 12 hours following.
Probable magnetopause indicated by black line and shaded boundaries (+0).
Gold shaded segments represent science ROIs.
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» Structure dynamic:
GSE: [-0.25, 0.5, -3.25] km/s

' pv=a3km/e > Electron trapping
é T — Am/vth,“e ~ 0428

> Frozen-in convection
Te = Am Sin81°/(2ugy sinbpy) =~ 6.4 s

V. [10°m/s] V. [10°mis]
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MMS observations

Enhanced parallel electric field
fluctuations |6 E|~3 mV /m.
Enhanced magnetic field fluctuations
at f~203 Hz.

Ellipticity ~1: right-handed
polarization.

Slightly-oblique whistler waves ~10°
Phase speed: ~ 1.58x10° km/s.

Theory predictions
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Non-Maxwellian VDF model

Frequency: ~202 Hz (~0.26 w,).

Growth rate: 30 Hz

Phase speed: ~ 1.56x103 km/s.

k=09 km 1(1~10p,~0.65d,)
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A consistent ordering of multi-scale
processes in the magnetic hole

Ym KVa S Vp, K1y K w0, | Theory

0.0003Hz 025Hz 2.38Hz 30Hz ©203Hz | Observations

v the maximum growth rate of the mirror-mode instability is vy,
~0.0003 Hz at a wavelength of ~ 1257 km.

v the estimated quasi-linear diffusion rate for the Landau resonant
wave-particle interaction of electrons is 0.25 Hz.

v the typical trapping frequency of electrons is 2.38 Hz.

v the growth rate of the unstable whistler waves is 30 Hz.

v the frequency of of the unstable whistler waves is about 203 Hz.

Conclusion: resonant wave-particle interactions transfer energy from electrons to

waves, lead to isotropic electrons and possibly stabilize the magnetic holes.
More details: https://doi.org/10.21203/rs.3.rs-1485820/v1
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