Investigating mean geometries of interplanetary structures
from the statistical analysis of in situ data
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1/ Why a statistical analysis of interplanetary structures? 4/ Method 1: Comparison with synthetic distributions o

' \ . : 10— —— bja=075
*Why magnetic clouds and shocks? | Model for a MC axis shape N\ 7 ) biel.
Magnetic clouds, and their accompanying shocks, have an important 1. Expressed in cylindrical “\M The aspect ratio S

effect on interplanetary environments, such as geomagnetic storms and coordinates (ellipse shape) P can be changed 06
acceleration of particles. 2. Give analytical probability < < 4 0.4
distribution (in function of the Sun 35
\What do we want to know? ellipse aspect ratio)
Their 3D structure to better understand/predict their role in space weather. 02 04 06 08 10"
For example, knowing the magnetic field inside magnetic clouds allows: > P(A) = 7)90 |d(,0/d/l| L e
/ Flat apex @Pmax = 30° » OBSERVED

<> To understand the role of the field line length in the time delay of energetic | 1/(2 ¢max) | 0.25

particles detection [1,2] A S | Angles @ and A are expressed in D20
<> To link it with the 3D configuration of the associated solar source [3] :fA Corggaljlomfigceéection, as seen function of b/a 015t \
<> To determine the magnetic helicity, energy, flux budget [4], [5] o / e | / 010k \L

b . | Satisfying aspect ratios: L 02!
\WWhy isn't it straightforward? : 1<b/a<1 3 ] 0.0s} ~
Because spacecraft only measure the properties of interplanetary structures LOCALLY, and because : (Monly a small interval of possible shapes) ! "% 0 40 60 80 " = m ‘?* == [l
the occurrence of multi-spacecraft crossing at different positions is RARE. : We have found the most probable e ——
: MC shapes I and the “real” distribution obtained from the Wind data

‘What do we proposetodo? M TTTTTTTmEEEEEEEEE TS B
A.statlstlcal analysis of samples of events detec_:ted by spacecraft at 1AU (Wind, ACE). Method 2: Direct integration from observed distribution
Since these events are randomly crossed at different along their structures, one can study the
probability distribution of location parameters to deduce their mean shape. Model for a MC axis shape y
References 1. Expressed in cylindrical 0.6 Pmax = 60°
[1] Larson et al. 1997, [2] Masson et al. 2012, [3] Nackwacki et al. 2011, [4] Demoulin et al. 2002, [5] Dasso et al. 2005 coordinates (no shape given) 0.5

2. Use the integration of 0.4

observed probability

2/ Magnetic clouds: definition and location parameter o . 03
distribution function 02,
WIND NOVEMBER 19—20, 2007  (RTN) . . . T
e BT e T Magnetic clouds criteria: [Burlaga et al. 1981] | ol
B e <> Stronger magnetic field than SW . l o
s <> Low proton plasma beta > o(1) = (Pmaxf P (| AN Pobs |
o P T T e <> Smooth and large rotation of MF 0 025p— |
= L TR TR <> Proton temperature lower than SW Free parameter onp || ] |
- 1.oo: i 0.15F **
010 ¢ 1, L p(p) is expressed in similar ways o1 »
L v ut v r—— === —————— - 0.05F R ,
:In situ data showing the rotation of |-)Integrat|ng Pobs Slies similar : > m . (;0’—‘ = Al -
Ithe magnetic field inside the MC : results as the 2" method : A
| a
(Farrugia et al. [2011]). . A
.-)Con5|stent re_SUItS : : Integrating the observed distribution directly gives
- | (although @, remains a free parameter)  the possible shapes for the magnetic cloud axis
Flux rope structure is similar
to: observations, models
(theoretical, numerical)
5/ Analysis of the shock shape
""" Y . . . shock s:e:th MC  ICME X signatures
'Can we define a parameter for the shape of the flux rope axis? ! We can do a similar analysis for the shock o 2 PR e e B
T <> Taken from a list of 257 shocks detected by ACE (Wang et al. 2010) "o i :
B latitude 0
Start End < =half are associated with ICMEs (association with a list of >300 % ko Cae
i a b b c d e . . . . B longitude 180 1
7 Mon Doy DOY.Hr Men Dey 0¥ Hr ey o, < From the data fit with the Lundquist model (force-free model): ICMEs, Richardson & Cane 2010) b colerprotos
95 02 8 039 5.8 02 9 040 0.8 19.0 100 18 410 0.216 15.2 local parameters (SpEEd, radius, ) <> Shocks are a surface (ZD’ Z MC axis) To.expected *10% il
95 03 4 063 10.8 03 5 064 3.8 17.0 205 -76 443 0.165 14.9 [Lundquist 1950 Lepplng et al 2006]
95 04 3 093 7.8 04 4 094 10.8 27.0 96 -22 301 0.303 13.3 ’ ' N Far— ‘ FP— o | 4 th b) c,=-0.04, ¢=-0.03, fit: p,/p, =2.5-0.002 A
95 04 6 096 7.3 04 6 096 17.8 10.5 149 58 334 0.083 14.8 EW demnniuons tor the Inclination anglie |/ an € : P2/ P1
location angle A (with the normal orientation): Correlation® oF .
Location angle A: location s I . * .. ICME shocks
o . of the spacecraft along @) iatibindll B i = A Y oL y
Incllnatlon angle / . (—0.805, 0.152, —0.574) 0.79 383.6 0.93 0.66 L%
e I TEpE ERGE CoT® 007, e 051 359 19 0de b0 .l
East “leg” West “leg” Rt A e A R TR LA
90°>1 > 0. . 290°<A <0 Corer,ot, 0039 o4 sbs  1m  oar 1 o el e 8
No correlation!
= all shocks seem to have a similar shape 00 2'0 4b 6b 8l0 A
i @ — 1,
- n . [ nf=0.3
A=Oapex With method 1 and method 2, we found:
P Pos s —>Method 1: given a shape, the A 1 *7/ |
Quasi-uniform distribution " . . . 001} > o2l
B S The MC detection is inde- 025k Non uniform distribution distribution can be expressed as e
= : 020p . (see Janvier et al. 2014 for details): P X ! .
I T S pendent of the angle i I _ (1 + tan? 1) b) (CME shocks
- g : : ’ N S1N n(l+tan-, T -
oo} > The distribution of Ais non "5 N P(1) = i S & -
o S A e e i ey : _ N | — COS Ymax (nf)- + tan- A Sodk u
o4t uniform: 0.10f e sfiiin
W ol || > Deduce shape? 005k N We found the most probable shapes e i
N R A A | _ N N (nf between 0.17 et 0.45) 002} W%
= B 20 =X el 20 l l 0.000 20 40 50 — ,?u ~ A
=»Method 2:Direct integration of the probability distribution of A: - k ) y
A — ’ i
: : 0.14¢ non-detected ICME shocks
90(/{) = drccos (1 - (1 — COS ‘Pmax)f Pobs(/"l ) d/z) 0.12F both types of shocks
- @ ¢ and p expressed ¥
3/ Correlation study _ Camny LS e and b oo oio
Inp() = —(1 —cospmux) Sn(e() Pobs (1) dA 0.06/ S Ry PR Pl Fo
. - 0 A ' i :
Can we study the location angle over a sample of >100 events? (Wind data) v T _ oy _O,zj
Isn’'t A dependent of the MC sizes? Inclination? Speed? A 7S~~~ ~ T T o T T : o4l
P P : =>»Integrating P, . gives similar results as the 2" method | CoR R B oy | A

| = Consistent results (although ¢,,,, remains a free parameter) Possible shapes for shocks from direct integration |

We need to check the correlation @ Le—me=e=-—-—--—--— - - "> _ __ __ _ __ - _ -

; , —a—f L between A and other MC : : : -
@ , - parameters 6/ Comparison with heliospheric imagers
2 June 22:49 UT
L 1. Report the shapes from emsass
¢p=0.011, c5=0.073, fit=450. + 0.075 || cp=—029, cs=—0.24, fit=0.14 — 0.00092 2| ¥ A>0 and A<0 give similar results: heliospheric imagers Mietiiod 2 02
1000@ “— From Lundquist fit ®<— From Lundquist fit independent of the “legs” 5> Direct : th |
<> A is weakly correlated with other MC ' |re(.: colm]E)arls((j)nhM I
reviously found shapes
parameters P y P 02
M \We can therefore perform a Imagers = o= 37 |
statistical analysis ¥ STEREO A/H1 O35 Y
» |t seems that there is a [Most et al. 2009
0 |A| 0.00 A Taal With heliospheric imagers: similar results as obtained with the analytical methods (1 & 2) + allow to constraint the axis elongation
0 20 +0 0 50 0 20 40 60 50 similar Shape for all the MCs =»Elongation angle: ¢, . =30° for the magnetic cloud, and @, =35° for the shock [Janvier et al. 2013b,2014]
6/ Conclusion The data we used: Statistical correlations: We proposed 2 statistical methods: :i wey Aol 15 Slmllar re.st.ll:lts
: : = Lepping & Wu (Wind, 14 Jears) > MO correlation for A 1) Compare the observed distributions with 2) Directly integrate the observed oL AR R 2L AR
We investigate the mean shapes of ~ Richardson & Cane (both for shocks and MC axis) synthetic distributions from models distributions to express shape parameters heliospheric imagers
magnetic cloud axis and shocks deduced (Ace & Wind, 13 years) => there is a mean shape similar =2find the shapes that are most suited to explain =» Compare shapes with previous method = We deduced the most
from statistical analysis of in situ data = wang et al. (ACE, 10 years) to all MCs axis, and shocks the observed distributions probable shapes of magnetic
cloud axis and shocks




