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Identification of PAD type Strahl Width Anisotropy -Energy Dependency Percentage of BDE and Isotropy
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PADs can be fitted to Legendre polynomials. Their coefficients have The power of the Legendre polynomials also il Shape of PADs can tell information of IMF topology
valuable information: allows having a robust method of quantifying STEREO-B (e.g. broad strahl width could indicate turbulent IMF).
| % A, — Meanvalue the width of the strahl This term can be It is also possible to analyse the properties of different
* A_,, — Related to antisymmetry calculated as the roots of the the fit when structures. For example, BDE is present inside ICMES
* A_ . — Related to symmetry subtracting the mean value. due to:
| % Mirroring (Closed loops)
% Streaming from both legs (Link to Sun)
And not present due to:
% Erosion of IMF lines
* Non-flux-rope structure (complex ejecta)
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Introduction

| Analogously to signal processing methods, we can for example look at
the predominance of each harmonic to PADs by their power comparison.

Suprathermal electrons (~0.07

— 3 keV at 1 au) are released E.g, BDEs are characterised by symmetric PADs (fit dominated by
from the Sun and propagate B contribution of even terms). Anisotropy can be represented by the — Isotropy - All ICMEs
through the interplanetary comparison between the contribution of the harmonics and A,,. | — togne
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measured by SWEA onboard 53 ‘S S

STEREO-A, STEREO-B, and L\ - ' ' 1 0 h’ .;./«~:$~ Superposed epoch analysis of the ICMEs observed by
SWEPAM onboard ACE VR | : : | N . P 40 %) STEREO show these profiles. BDE is more common
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"3l inside MOs and while isotropy is found in sheath with

S . higher p
This characterisation allows ‘

the automatic identification of

different types of distributions

(pancake, counterstreaming,

loss-cone, strahl, butterfly,

isotropic...), identified both

large and small structures in

the interplanetary medium, B m=Foncake St G0N X : — e o
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analyse the strahl population LOng-term AnaIySiS ey : ¢ —— R et gy :" . \

and its variation with radial | | | = — ' Py | B Y e — o |
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B ‘iependgf:?e’ andfe‘i;n shown could be identified. The & °* II Anisotropy - Solar Cycle Dependency VEEANS" o
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All the spacecraft present similar
results. Small correlation of BDE to
the solar cycle can be appreciated. energy channel J -
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B or outward B) can be found, while

In solar maximum this distinction is
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BASIC
CONCEPTS
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BDEs are characterised by symmetric
PADs, where the fit is dominated by the

5
cos(0) F(O) = F 10- contribution of the even terms (A., A)).
. (3cos%(6) - 1) (6) XZ(:) X Az Ay)

—p— Suprathermal electron strahl
Discontinuity of the solar wind, : —»— Magnetic field direction

2
2-(5c0s3(6) - 3cos(8))

<+ (35c0s*(8) — 30c0s%(8) + 3)
- (63c0s>(6) — 70cos3(6) + 15co0s(6))

A selection of magnetic obstacles from the
ICME list showing a particularly clear
- suprathermal electron bidirectionality has
AO — Mean value of the DF been performed
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m produced by supersonic ICMESs j \ Suprathermal electrons at 1 AU

m Turbulent region of ICMESs ;\a?rtz:;lcl | » A, , s—Characterise the asymmetry of the DF
% Solar wind signatures: Co om0 o on o s eractenise the symmelty LA e . . In order find suitable criteria for automatic
— o Relative low proton temperature ’ | Signal processing analysis " ShR2tforRipple > 20% (68) identification of bidirectional periods, we
m o Often a gradual decrease In solar | _ 2 ‘ ] first excluded all periods with A, < 0. Then,
— 4 wind speed | Analogously to signal B, — mlongS’i"al Pl:w'A;lZ the SNR corresponding to each coefficient
A Y * h(:[a%;l}e:;lcc efidelllg/[ 1flgna\’[ures - N EL%?szelrr]igse r?r]eetho?:(,jo:/nv?r] arcfzg il has been calculated for the sample of
é oy . harmonis - that Tl 1 (7 J ICME events (blue) as well as for the quiet
> % BDE Suprathermal electrons are streaming continuously from the B orn NS —J |Fx(0)|“06 (20344 solar wind (red). We have found that
( Sun. Depending on the IMF topology, they will show different e Celining e B Py = 0218 A2 bidirectionality is best identified when using
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PADs. Most common ones are strahl, BDE and isotropic. R e as  “signaligy oo sl mmEm ) the combined SNR for A, and A, (SNR,,)
harmonic under study and the Sl Y olus a v > 15% threshold.

) , , . rest of the harmonics as the | When the PAD is nearly isotropic,
and other properties recover the emerges from the Sun following the IMF lines and provides B " the possible contributions of the

A\
solar wind normal conditions information of the directionality by comparing the harmonics are negligible compared
pitch-angle with the in-situ polarity. Strahl width is an to the value of A . We use a “ripple’

indicator of IMF turbulent conditions. v =f / Pl coefficient (y) to identify how » w
* BDE can be the addition of two strahls in closed structures. PN significant  the  angle-dependent o -

% Isotropy can be found in detached IMF lines f \/ 1 f y deviations are. Apart from the SNR,
rms =

[ Rear part of the ICMES where BDE % Strahl is the population of suprathermal electrons that
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