Linear eigenmode analysis of the tearing instability in electron-
scale current sheet with nongyrotropic electron pressure

Hiroshi Hasegawa
Department of Solar System Sciences, ISAS/JAXA

Takuma Nakamura

Space Science Institute, Graz

Richard E. Denton

Dartmouth College, Hanover

MMS Fall 2020 Science Working Team Meeting (6-8 October 2020)



MMsgnet tail reconnechon seen by MMS on 10 August 2017

erview 18, 50 MMSZ (GSM) 2017-08-10 12:17: 40 12:19; 40 uT
‘ T M1 ' '

2 0w
E
= -5000
>
-10000 .
""" = -
10° o ‘dc-J 10 3
: L - 10° 9
~$ 0 i al i LUl oy {1 103LU
] S ) ~850 km/s 12:18:00 12:18:30 1219002 min 12:19:30
£ 3 A
¢ Bo~15nT 2017/0810  AE(10) (Provisional)  wocerceomsgmsam kyoto
Yo (nT) '
EE:TAUW AU |
. 0 s e R = === 10
Significant £ (Zhou+, ApJ19; Li+, GRL20) 4 w0 R g
Crescent-shaped electron distributions o BEEEEEREEE ;
2

Super-Alfvenic electron flows gL L



E-MHD & Polynomial . o— — fmsare =

Vector potential MMS3 1218:32.10-1218:34.00 UT

reconstruction results “

0 50 100 150
(Sonnerup+, JGR16)

Spacecraft separation ~18 km

Electron inertial length d, ~14 km (Denton+, JGR20) o eaerizeur

Time after 12:18 UT: 32.77 s

= -

e

_ o mms1
- ® mms2
e mms3
e mms4

-50 50

L (km)




Motivation

« A growing electron-scale magnetic island was identified right in the
electron diffusion region (EDR) of magnetotail reconnection (MMS
observations of an electron-scale current sheet on 2017-08-10).

« The formation mechanism is not very clear, but may be an electron
tearing instability.

« We revisit 2-D tearing instability in electron-scale current sheets, but
now including a non-gyrotropic electron pressure effect (Hesse-
Kuznetsova dissipation term) (Hesse+, SSR11).




Linear eigenmode analysis in electron-MHD framework
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 In the linear eigenmode analysis, Faraday’s law is linearized.

* |f electrons are isotropic, the electron pressure tensor term does not contribute to
the tearing instability.
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» The growth rate y (normalized to ®..,) and v,
the wavelength (k,) for the fastest-growing
mode are both scaled by the current sheet ;
half-thickness € (normalized to d,). S ST RS, s so




Linear eigenmode analysis in electron-MHD framework

Hesse et al. (SSR, 2011) show that the reconnection electric field in the dissipation
region (at the X-point) of steady 2D antiparallel reconnection can be expressed as:
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The electron pressure tensor term is then non-negligible in the tearing instability.
Faraday's law = (B — v X (B — LVZBN _ yZmkT Y <0vx) X §
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If normalized to the upstream field intensity B, |w..| ™1, electron inertial length,
and electron Alfven speed,

0

V2B> =V X

Hone?

d avx A
5, (B—V°B) =V x[vx(B-VB)] - ﬁﬂ(g)xy

Assuming uniform density & incompressible perturbation V- v = 0, the above
equation can be linearized for 2-D perturbations B; = B(z)exp(ik,x — iwt) & v; =
v(z)exp(ik,x — iwt) and equilibrium profile B,(z) = tanh(z/¢).

Dependence of the growth rate yon ¢, ., and k, can be investigated.



Eigen functions of Bz (reconnected field) & vz (inflow velocity)
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Growth rate for electron beta = 1 case

Growth rate (Jain & Sharma, 2015)
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Electron beta dependence (e = 1 case)

Growth rate (+Hesse) ¢ = 1.0 Half-thickness = d, case
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« The growth rate increases with electron .

« The wavelength for the fastest-growing 3
mode becomes shorter with increasing ;8-
electron beta.
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Growth time of the observed magnetic island
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The magnetic field in the observed EDR was mostly
annihilated, rather than reconnected.

32.5 33 3.5 34
Time (s) after 12:18 UT



Magnetic field annihilation in elongated EDR

.  In an elongated EDR, the electron pressure tensor
1% . . o s .
E=—-v,xXB+-—= 2m.kgT.M term can act for magnetic field annihilation.
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Summary & Discussion

* The linear eigenmode analysis of the 2-D tearing instability with non-
gyrotropic electron pressure effect (Hesse-Kuznetsova term) suggests

— The growth rate increases with increasing electron beta f3..
— The wavelength for the fastest-growing mode is shorter for larger 3.

« However, the rate of magnetic-field annihilation in an extended
electron-scale current sheet may also be enhanced with increasing ..

 The tearing instability and magnetic-field annihilation might be
competitive in electron-scale current sheets.
* Is the EDR width scaled by the electron inertial length or gyroradius?

—If scaled by gyroradius (j3,), the tearing would be faster for lower 3, while the
annihilation may not depend much on B, (larger EDR width for larger j3,).

—Any 3, dependence of either or both processes in simulation & observations?



