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Introduction

Electrons populations and sources

There are different electron populations

e Core at thermal equilibrium
e Suprathermals at higher energies D
o  Strahl aligned with B

m Simple history

m Comes straight from
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the Sun
. 10
o Isotropic halo vy [10° kmys]
m  More complex history _ ST :
Scattered at high Components of a 1D velocity 2D velocity distribution function
. ,Ca el el el distribution function Zaslavsky et al. 2024
distances Stverak et al. 2009
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e Presence of the strahl is expected
o  From conservation of magnetic

moment and energy we can —e— Observations —e— Predicted focusing effect
show :

) . | B
sin @ = sin 6, §0

o  With #, = 90°and B o R2
m 0 < 10°inlessthan 10R

e Focusing is deterministic and known

e Unknown scattering processes
diffuse the electrons’ pitch angle

Predicted vs Observed evolution of velocit

distribution functions
Bercic et al. 2019
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Introduction

Quantify the local scattering

Normalized Flux

e We define the Strahl Pitch Angle Width (SPAW) as the
2nd moment of the pitch angle distribution :
o  Calculated with a gaussian fit of the distribution
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Diagram of electrons populations on a pitch
angle distribution and example of a PAD
measured by PSP
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E=300-370eV

Introduction

29/09/2023 at 03h12
Energy channel : 292.54eV

: : \
Intervals selection and filtering : x

Normalized Flux

e Data are averaged over 5and 10
minutes intervals

60 80 100 120 140 160 180
outward pitch angle [°]

o Complex magnetic structure
can create distributions with
more complex features

o Intervals with a stable magnetic
field were selected

Normalized Flux

27/09/2023 at 19h57
Energy channel : 292.54eV

o  Scattering due to HCS crossing g | ' oAy 11 O
or other complex local ¥ : o B o e wo
structures is filtered |
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Region 1 Region 2

—A—

ng;p =200.0 - 250.0eV Esolo = 210.9eV
¥ O

Results

Count
normalized
by dist bin

SPAW dependency to solar distance : Resolution /]

of PADs
e 2 mainregions:
o Region1: r < 35R;
m  SPAW ™, with the energy i
m SPAW\, with r
o Region2: r 2 35R, T
m Two categories of SPAW
e Low values in a narrow range e
e Higher values with a broader o,

by dist bin

range
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Region 1 Region 2

—A— \

ng5p= 200.0 - 250.0eV Esolo = 210.9eV

Results

Count
normalized
by dist bin

SPAW dependency to solar distance :

e 2 mainregions:

o Region1: r < 35R;

Count

m  SPAW N\, with the energy e
m SPAW\, with r

]

Count
normalized
by dist bin
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Region 1 Region 2

—A—

ng5p= 200.0 - 250.0eV Esolo = 210.9eV

Results

SPAW dependency to solar distance :

e Coulomb collision cross section :
o o =¢*/16meim*v*
o or: oox E?
o High energies = less effective collisions
e Using this expression and a Fokker Planck

modelling [Zaslavsky et al. 2025] we obtain for
Coulomb collision :

1/2
9)2 0 PA n
<>o<E2:>S W Iz
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Results

PSP in region 1

Prediction : 1/2

n
e For adiffusion only caused by Coulomb collision the theory predicts : <92> X 72 = SPAW

n

R=11.4-16.1Ry R=16.1-208Rgo R=39.4-44.1R,
E =250 - 300 eV E =250 -300 eV E = 250 - 300 eV

Expected power law Expected power law Expected power law
= PAD resolution = PAD resolution 1 — PAD resolution
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Results

PSP in region 1

Prediction :

n
e For adiffusion only caused by Coulomb collision the theory predicts : <92> X 72 = SPAW 5

R=11.4-16.1R,o R=208-254R, R=44.1-487R,

—" Expected power law Expected power law Expected power law
— = PAD resolution = PAD resolution = PAD resolution

\~ <
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Results

PSP in region 1

Takeaway n°1 :

e The angular width of the suprathermal electrons is regulated by
Coulomb collisions close to the Sun
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Results

SolO in region 2

Relation between solar wind speed and the two strahl populations

Population A :
e Low SPAW values
e Small range (~10 to ~25°)
e Correlated with fast wind

100 150
R[Ro]

Population B : Wind veloclty histogram Wind verocty TEogn
e Higher SPAW values
e Broader range of SPAW values
(~25to ~80°)
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SPAW histograms

1000 2000
Counts

Fast Wind

Wind velocity histogram
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R =131.62-78.53 R, / 0.61-0.37 AU
E =2109 eV
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Results

SolO in region 2
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Slow Alfvénic wind intervals
from d’Amicis et al. 2025
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Population A is observed in fast wind
e Expected from previous slide
But also in slow alfvénic wind !

Fast wind Alfvénic slow winds
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|Vsw| histogram

[ Population A
| Population B

Results

SolO in region 2

300 400 500

Population A is observed in fast wind el .51
e Expected from previous figure Cross-helicity histogram

[ Population A
"] Population B

But also in slow alfvénic wind

e Not only during one interval
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Oc
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Cross-helicity histogram

[ Population A
[ population B

Results

Region 2

3

Energie : 211 eV
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Results

PSP in region 1

Takeaway n°2 :

e Intheregion 2, the narrowest distributions are
mostly founds in alfvénic intervals
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Summary

e Statistical study of the strahl pitch angle width as a proxy for scattering process
e First highlighting of the Coulomb collision effect close to the Sun with PSP data

e Two different strahl populations further from the Sun
o Correlation with solar wind speed
o More likely correlated with alfvénicity
m Impact of the nature of magnetic fluctuations to be studied

This work has received support from France 2030 through the project named Académie Spatiale d'lle-de-France (https://academiespatiale.fr/) managed by the National Research Agency under bearing the reference ANR-23-CMAS-0041.
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Questions ?
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Introduction

Modelisation of the scattering/focusing competition  Zaslavsky et al. 2024, Zaslavsky et al. 2025

| O fit from FPE solution
Evolution of the distribution function equation , | | Lo efom FPe solition. Coutorns ol onty

— th. solution for Coulomb collisions

= th. solution (total)

of of (A—p*wof 0 (QA—p*vof

ot +MU% 2Lp(s) Ou  Ou p o
A y y

Free evolution Magnetic focusing Diffusion
With :
° i = cos 6 the pitch angle cosine
v , - : —1 . . .
* V= suchastheisotropization acts over atime v Numerical solving of the Fokker-Planck equation for
with )\ the scattering free mean path. . . .
150eV electrons with 2 scattering mechanisms. Coulomb
. S curvilinear coordinate along a magnetic field line collisions and a turbulent Scattering with A =1 AU

Zaslavsky et al. 2025
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Data
Parker Solar Probe (PSP) and Solar Orbiter (Sol0) /

e Distance from the Sun for used data :

o PSP:10R, 1060 R, o
Artist f PSP
O SolO: 60 R@ to 210 R@ Créditsr:.plasrke\r/sloelz:lprcc:be.jhuapl.edu

e Instruments:
o Magnetometers
o Electrostatic analyzers

e Datatime range

o PSP
m Oct 2018 to Dec 2023 (17 perihelia)
o SolO e
m 2020 to Dec 2024 (before out of ARSI

ecliptic phase)
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Resultats

Région 2

Hélicité croisée o,:
e Caractérise les corrélations entre
fluctuations de densité et de
champ magnétique

e Permet de distinguer les
fluctuations alfvéniques
(corrélées) des fluctuations
compressibles

e Hautement corrélée a la vitesse
du vent

e Observations dans l'espace des

parametres
o Pas les corrélations
attendues
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