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Problem 1:

Why the electron pitch angle is changed by 180°
occurs well before or after the sector boundary (SB)?

Problem 2:

Why the density, magnetic field and beta are quasi
symmetric across the SB while the ion (proton) velocity

profiles are not?
Problem 3:

Why the plasma density has three symmetric peaks
across the SB: the larger central one and two smaller

ones from each sides
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. Test particle approach —solar corona
Zharkova&Gordovskyy, 200&&% |05, A&A; SSRy;
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* Consider the HCS with
ongoing a magnetic
reconnection, which creates
a reconnection electric field

 current sheet thickness ~
proton gyroradius (10* km
for HCS, as B, 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




~ Physical model for PIC

Simulation region
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Plasma feedback
in 2.5D PIC simulations
(Verboncouer & Gladd, 19995)
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In RCS with single X-nullpoint
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Heliospheric current sheet density = 10-100 cm-3
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Polarization electric field E,—
across current sheet (B;=10~T)
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Secondary density peaks about the sector boundary
— acceleration of transit and bounced protons
-~ Main) |

JEEI

- 12 18 00 06 12 18
- ;:la : 24 June 2004 25 June 2004




100 cm™3

0

o-_—...

Phbabhbb

10
5

iu'g

)

o

s3Bsp
‘?iBue youd

—
o

~ bounced
electrons’ cloud.

saslep
‘wbue Y4

—

2 3

s0bep
“#|Due Youd

-
ee—




Disagreement of the HCS SB (midplane) and electron turn
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Polarisation electric field guides motion of ions and protons
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Xia and Zharkova, 2018, A&A
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Xia and Zharkova, 2018, A&A
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e)- P&ticle acceleration in magnetic islands -TP, Xia&Zharkova, 2018, A&A
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. PIC — turbulenece-generation
(see the efore and after)
, Id E Test particle trajectories in

X thigﬂeld

I electronlcoming from the left side
Ex, V/m 6e+07 - T electron coming from the right side




Conclusions

Acceleration of particles in 3D current sheets (either with single X or multiple
X- and O-nullpoints ) strongly depends on a magnetic field topology

For strong guiding field it leads to separation of electrons from protons with
respect to the midplane (corona, or sector boundary — SB in the HCS)

This separation leads to formation of polarisation of electric field across
current sheet 2 orders of magnitude larger than reconnection electric field

Magnetic field imposes different pitch-angle distributions and energy spectra
of particles entering a current sheet from the opposite (transit) and the same
side (bounced).

Proton beams are often ejected well directed at 30-40° to the Bz while
electrons have wider pitch angle distributions

3D RCSs with multiple O-nullpoints (magnetic islands still reveals the
separation of electrons from protons to the opposite semiplanes of X.

In'some eonditions electronsprior ejection are accelerated to subrelativistic
energies in a single magnetic island, in other they pass through a few
islands while forming clouds about nelghbourlng X-nullpoints.

Particle energy gains in coalescent islands are lower than in squashed
ones; the higher is squashed island aspect ratio the hlgh ri alryed energy.

Proton and electrons accelerated in islands still have pop of transit
and bounced particles leading to two beam instabilities often re r orted in
observations and PIC models



