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g} Solar wind partlcles passing ICME
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Problems with particles in the interplanetary magnetic field

Problem 1: What makes particles to move perpendicular to the IMF in a vicinity of
ICME

Problem 2 : Why there is asymmetry in motion of ion and electron flux about ICMES?
Why high energy strahls of electrons are often observed in anti-parallel direction?
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- PIC — velocity/energy and PADS
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; . = Secondary density peaks about the sector boundary —
. - acceleration of transit and bounced protons
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plasma density N=10-100 cm?3
Khabarova, 2012 https://iopscience.i |op org/artlclello .1088/0004- 637X/752/1/35/pdf

34 5 98E+07

'575E407
10 cm

100 cm3

212E+07 - = Zharkovaandmaa*eaz

583E+07 . T -‘A 3.88E+07 L L i N 1_0
100 Crﬂ-3 : . 10 Cm-3
‘ ~ bounced
X electrons’ cloud.
-1.95E407 B3P0 ,-
e — i — L

Blue - -protons, black —electrons: h/shoe like —bounced Iower energy e top — transit high energy e
T e s D TR T T

o = TN T RS


https://iopscience.iop.org/article/10.1088/0004-637X/752/1/35/pdf

(=]
o

Fitch angle,
degree

Piteh angle,
degres

13

24 June 2004 25 June 2004

B.=0.2-10° T; B=10°T
o y e
__B=05107°T; B =1 0°T b,
i i ) +
B,=0.1:-107° T; B=10T & B

+T
2000/_ _ B=0.2 107 T; B=0.5 T 2 2% %5

B.=0.2- 10° T:B=3-10°T & e
X y 1 {: i
+

-1000 ;
;I
—2000 4
_300-% -5 0 5 10
X, Tp
o}
& T
w
- on 400
o E 380 - n
= —

T Siversky, V.Zharkova, 2009, JPP, 75, 5
V. Zharkova et al, 2011, SSRv, 157, 359

E V.Zharkova, O. Khabarova,2012, ApJ,
:ﬁ 752, 35

3m L D | 17 1
4 3 21 0 1 2 3 4


https://iopscience.iop.org/article/10.1088/0004-637X/752/1/35/pdf

Magnetic topology effects
- on partlcle energy and pitch angle distributions (XZ22020)
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and simulated by PIC (right)

https://solargsm.com/wp-content/uploads/2020/04/Khabarova_
PAD_features_a p|l20 pdf
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50.7, 246.6, and 73-194 eV energy channels

from STEREO A (a) and STEREO B (b)
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' The highest-energy 650.7 eV STEREO PAD is completely different from the

other PADs. It shows signatures of intermittent bi- directionality, following the
lacatrion nf Mlc anAdA CQc
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Turbulent electrlc and magnetlc flelds mduced by

*r'g | accelerated particles
g (Slversky& Zharkova 2009, JPP; Xia and Zharkova, 2020, A&A)
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Conclusions

» There is the separation of electrons from protons INn RCSs W|th
respect to the midplane (sector boundary — SB in the HCS), which
generates a polarization electric field across the current sheet

' » Magnetic field imposes its signatures on pitch-angle and energy
distributions on particles entering a current sheet from the opposite
~ (transit) and the same side (bounced particles)

. ” Particles accelerated in magnetic islands still have the populations
= of transit and bounced particles leading to two beam instabilities
often reported in observations and PIC models,

> Particle energy gains in coalescent islands are lower than in
squashed ones

% > PADs of accelerated particles are shown to reflect magnetic
. topology of current sheets and can be compared with in-situ .
- observations accounting for energetic strahls (transit electrons) and

diffusive drop-offs (bounced electrons) often observed in solar wind

» Bump-in-tail velocity distributions of transit and bounced particles of |
the same charge induce turbulence in different parts of current
sheets seeZharkovaand Xla 2021 Front|er Daper.
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