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Abstract V. Longitudinal electric field fluctuations and Vortex merging
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Magnetic holes (MHs) are coherent structures characterized by a strong and t= 125Q;1 k. . = ol I S — , t=250Q;" ' t=2250;"
localized magnetic field amplitude dip, commonly observed in the heliosphere. =S\WIa =SSN Z ' '

These structures come in different sizes, from magnetohydrodynamic to kinetic
scales. Subion scale MHs are usually sustained by an electron current vortex
and exhibit a strong electron temperature anisotropy, with higher temperatures
perpendicular to the background magnetic field. Magnetospheric Multiscale
observations (MMS) have revealed electron scale MHs to be ubiquitous in the
turbulent Earth's magnetosheath and the solar wind, potentially playing an
important role in the energy cascade and dissipation. Despite abundant i —=—— ‘ / SN
observations, the origin of electron scale MHs is still unclear and debated. In | /’/ ; I\ 2N : . ' o N@I( [5 —10 05 00 05 L 15 1.0 —05 00 05 10
this work, we use fully Kkinetic simulations to investigate the role of plasma = 1 . o) Y\ . Ofenl(€Moca) OfenftenoCa)
turbulence in generating electron scale MHs. We find that the turbulence _ C - S * @)= . 1B S t=2750;"
spontaneously produces electron scale MHs via the following mechanism: first, . 1% A e ~ VR . a = . 75| & pearei=070
large-scale turbulent velocity shears produce regions with high electron . | ; ——,
temperature anisotropy; these localized regions become unstable, generating

oblique electron scale whistler waves; as they propagate over the
inhomogeneous turbulent background, whistler {luctuations develop an FEF $E :
electrostatic component, turning into Bernstein-like modes; the strong | B |
electrostatic fluctuations produce current filaments that merge into an electron %8 / ‘ / /
scale current vortex; the resulting electron vortex locally reduces the magnetic . 1 . 1 £ , , PR , oA Lkt
field amplitude, finally evolving into an electron scale MH. We show that MHs | )(3/3, 1024 XB/ZI o 27 :j((}d(,) 322 27 i?d? 322 27 i?d(,) 322 27 i(/)d(,) 322 | -05 00 0.5
generated by this mechanism have properties consistent with MMS and OJent(€NoCa)
nontrivial kinetic features with a "mushroom" shaped electron velocity

distribution function. Our results have potential implications for understanding

the formation and occurrence of electron scale MHs in astrophysical turbulent

and space environments, such as the Earth's magnetosheath and the solar k t=1250;" t=225Q;"
wind. e
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i oindas Rt Summary and conclusions

= [ == ‘ = We have shown that turbulent-driven dynamics are capable of
“ = : .l generating electron scale magnetic holes.
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