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Wind MFl and SWE data, 1 minute resolution, GSE coordinates
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Solar wind particles passmg |CME

W B Manchester IV ef al Plasma Phys. Control. Fusion 56 (2014)

at the leading edge of an ICME;

« Sometimes

« Energetic particles stream
perpendicular to IMF

» Electrons travels towards the Sun
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Parker Solar Probe

Reconnection at Heliospheric Current Sheets
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Piysical model of cument Sheet

Plasma inflow

Zharkova and Khabarova, 2012,

Apd, 752, 35; 2015, Ann Geo, 33, 457

» Consider the RCS with
ongoing a magnetic
reconnection, which creates
a reconnection electric field

 current sheet thickness ~
proton gyroradius (10 km
for HCS, as By is reduced to
from 102 to 10°T)

*Model region - 10-100
proton gyroradii from the
both sides of the HCS

» Consider plasma feedback
to presence of accelerated
particles — induced electric
and magnetic fields



Piysical model of cument Sheet

X

Plasma inflow

Zharkova and Khabarova, 2012,
Apd, 752, 35; 2015, Ann Geo, 33, 457
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A single X-nullpoint

O-type (magnetic island)



Particle trajectories near X-nullpoint

Simulation region-.__

Particle trajectory Magnetic field (Bz and Bx)

B.(x) = Bptanh (%)
E,, B,, By = const

(9 ® Zharkova, et al., 2004



The role of the guiding field

T B~ Analytic electric and magnetic field model

Ma netic\field (Bz and Bx) x dp
gnetic Bz(x) — Botanh (E) $=q(E+VXB),
{: dar  p
Ey, By, B, = const dt  my’

Guiding field:
*Preferential ejection of oppositely charged particles
*Different energy gains for "transit’ and "bounced’ particles

Test particles
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The role of the guiding field

Guiding field:
Preferential ejection of oppositely charged particles

PIC simulation: Different energy gains for "transit’ and "bounced’ particles
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The role of the guiding field
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Magnetic islands

Preferential ejection evidences:
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PIC simulations

Ne/ng, t=24Q:1

5
"SI © O -
—5 R&¥
0 20 40
t=3201
5
x 0ty e S=pEy
B (C)
0 20 40
Z

1.6
1.2
0.8
0.4

2.4
1.8
1.2
0.6
0.0

o€, t=24Q71

Codes:
« VPIC from LANL
« Epoch from U. Warwick



» Parametric study:
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» Parametric study:

Be, high

ee, low
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« Parametric study:

By0=0.5: By0=1:

observer crossing path

observer crossing path
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angle distributions:

* Pitch-
Previous studies in magnetosphere (MMS):
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* Pitch-angle distributions:

More observations in solar wind by O. Khabarova, O. Malandraki:
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Phase space In the case with strong By
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E, B fluctuations

Wavelet power spectrum:
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« Dominated by low-frequency
« High-frequency stripes



Fluctuations

Anisotropic fluctuations :
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Fluctuations

* Above Q. :

nonlinear harmonics @ n f,., etc.
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Fluctuations

* Above Q. :

nonlinear harmonics @ n f,., etc.

W.Y. Li, et al, 2020

Magnetotail
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Fluctuations

* Above Q. :

nonlinear harmonics @ 7 f.., etc electron Bernstein waves / Upper-hybrid (UH) waves ?
ce» .

Magnetotail Magnetopause
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Fluctuations

 Below Q. :

Lower-hybrid waves
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Conclusions:

Near an X-nullpoint or in magnetic islands, except the observations of
accelerated plasma, paired rotational discontinuities™®, other features include :

* Pitch-angle distributions

bi-directional strahls,
heat flux dropouts,

 Polarization electric field

« Waves, in presence of strong Bg

Near X-nullpoint: high-frequency L fluctuations
Reconnection current sheets with magnetic islands: harmonics of Bernstein, UH waves™*
Extends into magnetic islands: whistler, LH waves

*T.D. Phan, et al. 2020

‘@ ® | ** G. Lapenta, et al. 2020




THANK YOU FOR YOUR ATTENTION!

Questions ...



Extra slides



3D for turbulence study:
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3D, By=0: kink
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Beta

Wind MFI and SWE data, 1T minute resalution, GSE coordinates
o— _ : : : :
-~ Magnitude of IMF

S

IIII

'Bx=0

]
LI I 1T
11 1 I 11 1

Azimuthal angle

M

M

5]
IIIIIII

—_—

| Velocity |

| ey (M
., {Uknw(wmujlw,»'«hwi'\Mf“\*”“'lkmﬁww“’wwr wwbﬁ(uﬂmﬁ“‘ 'd

Plasma der. ity

b atibl

12:00:00 00:00:00 12:00:00 Q0:00:00 12:00:00
Jun 24 Jun 25 Jun 26

(%]

(9]

(=2
IIIIIII

o
n
LI B I

—y
LI l LI
1 1 | 11 1

—

In the heliosphere

IMF magnitude sharply
drops or increases

Horizontal
component(Bx, GSE) =
0 nT;

Azimuthal angle (¢g)
changes by180°;

Velocity is slightly
increased

Density is sharply
increased

Beta is also sharply
increased
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The computational challenge: an enormous
separation of scales in most astrophysical systems

+Macro-scale systems: MHD model Solar wind at 1AU

. . - . millions km
.:.Mlgro-scale. The explpratlon of ene_rgetlc MACRO
particle production during reconnection (fluid)

. : . System scales
requires a kinetic treatment

hours

L=10000 km 1m

ion scales

+Coupling scales

w; = 0.55kHz
Pe d.=2 km Q. =0.16kHz
MICRO
electron scales (kinetic)
A.=8 m w, = 24kHz

From G. Lapenta



