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80’s, 90’s - Top 10 magnetic topologies

1. Goldstein 1983 THE Mook Mt et i
. w that t ood imation th e _ B ; g ; ; ;
(force-free concept) cloud is (magnetic) force-free, i.c., J = & B, 50 that \ ) VAN
2. Marubashi 1986 VxB=J=aB
st 1 This model, with variable «, was proposed by Goldst Y v =\
(] reCOHSTrUCTlon) [1983] and us‘::I b)"l Marub:;hi [l98p6] to fit two mag:e‘ . 1. FOU MAGNITIC LD L0 108 D DTS TR0 THE XS 10 CTLNDRICAL ManTC
clouds. Burlaga [1988] showed that one can consider Dashed ine i a cowd boundary. '
3. Burlng 1988 approximately constant in describing magnetic clouds to fi
(I_U N q Ui S.I. 'l 9 50) order. For constant a, equation (1) gives
4. Lepping et al. 1990 PEp e ‘
. | . \
(reconstruction based o ) (BURLAGA MODEL) |
5. Vandas etal. 1991,1993 L — ’

-~

(reconstruction based on MVA |
6. Farrugia et al. 1992, 93, 95 <<

P. TWO MAGNETIC FIELD LINES FOR THE DIFFERENT  FIG. 3. A MAGNETIC FIELD LINE FOR A SPHERICAL MAGNETIC
ING POINT LATITUDE FOR A SPHERICAL MAGNETIC CLOLD  CLOUD [TOROIDAL SOLUTION (3)] (FULL LINE IS AROVE THE
DAL SOLUTION (2)] (FULL LINE IS ABOVE THE PLANE OF PLANE OF THE SHEET, DOTTED ONE BELOW).

THE SHEET, DOTTED ONE Dashed line is a cloud boundary.

(including expansion effect) <
¥¥o

7. Marubashi 1997 <Al -
(Torus — curvature) <A\~

8. Osherovich et al. 1999 <\
(Multi-tube) R,

9. Hidalgo et al. 2000 Yo .
(non-force-free assumptions) s,

10. Hu & Sonnerup, 2001
(Grad-Shafranov eq.)
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SHEATH FIELDS
a) Shocked southward flekis l l 1

~-Why is-ttimportant {Q11s?;

J. T. GOSLING ¢) Turbulence, waves or discontinuities ﬁ;‘ A
Los Alamos National Laboratory, Los Alamos, New Mexico l
s
Many years of r h have d d that large, nonrecurrent geomagnetic storms, shock wave d) Draped netic flelds
disturbances in the solar wind, and energetic particle events in interplanetary space often occur in close Zwan and Wolf, 1976
association with large solar flares. This result has led toa paradigm of cause and effect - that large solar
flares are the fundamental cause of these events m the near-Earth space envir This paradigm, which
I call “the solar flare myth,” domi the p ion of the relati p between solar activity and 4
interplanetary and geomagnetic events and has provtded much of the pragmatic mionale for the study of the McComas et al,, 1989
solar flare phenomenon. Yet there is good evidence that this paradigm is wrong and that flares do not E
generally play a central role in producing major transient disturbances in the near-Earth space environment.
In this paper I outline a different paradigm of cause and effect that removes solar flares from their central DRIVER GAS FIELDS
positionin the chain of events leading from the Sun to near-Earth space. Instead, this central role is given to
events known as coronal mass ejections. ) Magnetic cloud
Kiein and Burlaga, 1982
Fluxrope
Marubashi, 1886
Magnetic tongue
Gold, 1962

Figure 2. The various interplanetary features that

| were associated with large-amplitude (< —10 nT), long-
duration (> 3h) B, fields for the 10 intense storms (peak
Dst < —100nT) ‘of the August 1978 to December 1979
1SEE 3 interval. They are grouped in two broad cate-
gories: Sheath fields and Driver gas fields.
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Multi-view/point CME perspectives
INITIATION

BREAK OUT Models reproducing
the three CME parts .. (Antiochos,
1998)

MAGNETIC FLUX EMERGENCE from the solar

convection zone could be the driver.. (Leake et al.

2014)

() t =40t () t =60tg
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Lynch et al. 2014
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Multi-view/point CME perspectives
ERUPTION

PRE-FORMED CORONAL
FLUX ROPE, e.g., Titov &
Demoulin, 1999; Roussev et al.
2003; Torok & Kliem 2005;
Manchester et al. 2008

Roussev et al. 2003

Fig. 2. The magnetic field under study is modeled by a force-free cir-
cular flux tube with the total current I, a pair of magnetic charges —q,
q and a line current Iy. Below the photospheric plane z = 0 this con-
figuration has no real physical meaning: it is used only to construct the

pl'oml' magnetjc ﬁeld in corona. FIG. 1.—Three-dimensional view of the magnetic field configuration for the initial state. The solid lines are magnetic field lines, where the false-color code
visualizes the magnetic field strength in units of tesla. The surface shaded in gray is an isosurface of B, = 0.

ISEST workshop (International Study of Earth-Affecting Solar Transients) 6



Multi-view/point CME perspectives

EVOLUTION
out of the

COrOMma

PRE-FORMED CORONAL
FLUX ROPE

- |

Gibson & Low, 1998 _ Lugaz et aLellS
"

Ul km/s

3. THE THREE-DIMENSIONAL CME MODEL 108
The CME as an MHD phenomenon may be described by

the following equations: .

5 1 3.1. Self-similar Magnetohydrodynamics ‘\\ \\\\W////

4 It is shown in Low (1984) that equations (1)~(4) admit ¢ )
20| = LB m-vp—p wiimmmaim i O SCONE

a > R =
) p=r L ®u; ® -"llﬂ/‘\\m
p o, dt
ot +V-(pv)=0, where @, is a function of time described by

8 (&) -5 o Pl NN
i Vx(xB),

5 10

n and « being constants. In this flow, the physical quantities 5 v OB 5
evolve in a self-similar manner according to

a 1 f the velocity magnitude of the steady state solar wind solution in the meridional ( y-z) plane. “Streamlines” drawn in white illustrate
i (p - y) + (v . V)(P - -y) _ 0 B= (17 H(C, 9, ¢) N (7) eld in the plane. Note the bimodal nature of the solar wind speed. (b) Three-dimensional representation of the coronal magnetic field at
6t p p - ’ ss ines. The flux rope is drawn with magenta and blue lines showing the toroidal and poloidal fields, respectively. The white surface is a

1 ng to 2x10'® g cm™* and showing the dense core contained in the GL flux rope. The false color sphere shows the magnetic field
p= F P(c, 0, ¢) s (8) Sun for our model.
1
p=g3 DG 6,9), ©
where the radial dependence is combined with time via the
similarity variable
e r
ISEST workshop (International Study of (=g 10 | 7



Multi-view/point CME perspectives

EVOLUTION
in the inner
heliosphere

Forward Modeling of CMEs
using heliospheric imagers,
Thernisien et al., 2006, 2011

Wood et al. 2009, 2011

A
o

x z
o -
(b)

Figure 1. Schematic of the GCS model. The left panel shows a (O, x, y) planar cut of the croissant viewed face-on. The z-axis points toward the reader. The right
panel shows a cut in the (O, , z) plane where the croissant is viewed edge-on. In this view, only the circle (solid line) is in the (O, y, z) plane.

1

. Dav .
ua y O E a rT h ‘Affe C h n g S (@) | ar TI’O nsien TS ) Figure 2. Rendered white-light images of the GCS model obtained by line-of-sight integration and using Thomson scattering (Billings 1966). The model orientations

are the same as in Figure 1. Left: GCS model seen face-on. Right: GCS model seen edge-on.
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Linking views

» Linking the remote and in-situ observations — big
Improvement in the time arrival and
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Figure 6 Diagrams of deflection (left) and rotation (right) of the studied MCs. Red squares denote the
direction of MC propagation (left) and the direction of the normal to the MC plane (right) close to the Sun,
i.e. in the initial position. Green diamonds denote the direction of MC propagation (left) and the direction of
the normal to the MC plane (right) at 1 AU, i.e. in the final position.
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Linking views - case by case

Farrugia et al. 2011
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Linking views - case by case

Al-haddad. 2015, PhD.

QUESTION 1: Do we miss
important information in

the models assemble?

QUESTION 2: Do we need

to revisit the models or the
techniques?

QUESTION 3: New
missions will be enough to
reach the truly
understanding of the
ICMEs and the

Figure 5.5: A global view of the the reconstructed cases for the writhe simulation. consequences of the journey

The top left panel provides a front view, from the direction of the propagation

of the CME, of the reconstructed orientations and sizes. The top right panel throughout the heliO Sphere ?

shows the 3-D magnetic field lines from the simulation. The bottom panel
provides a top view of the reconstructed cases.

ISEST workshop (International Study of Earth-Affecting Solar Transients)



Are all the ICMEs magnetic flux-ropes structures?

Shock

Why some ICMEs are observed to MCs
and others are not. Possible explanations:

1. An observational selection effect; Y -
* Observing limitation

2. Interactions of an erupting flux rope
(FR) with itself or between neighboring
FRs.

« MC->0.77AU versus NoMC->0.73

3. Evolutionary process.

* Analyzing Helios data, did not find
a systematic trend in MC fraction ;

[y .
. B Magnetic Cloud
- . H Non-MC

ICME Speed (km s”)

and heliocentric distance. o | o
>Two intrinsic initiation mechanisms Hetos 12 '
MC:s are just an easily identifiable limit ' |
in an otherwise continuous spectrum of g °r %] ‘»%
structures. £ ol

* There are not proofs in the analysis | o 0310A)

to dlStlﬂgUlSh O 0.3-08AU

Plasma-f

>

91

vesromsswn  Richardson & Cane, 2004b

Two Coordinated Data Analysis Workshops (CDAWS), 2010-2011

ISEST workshop (International Study of Earth-Affecting Solar Transients) 12
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ICME magnetic field configurations

Wind ICME on May 18, 2002
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Q : Can we get information about the Magnetic Obstacle topology from the in-situ

observations?



Earth-directed ICME magnetic field configurations

Distortion Parameter (DIP) is calculated from the integration in the time of the in-
situ observed magnetic field magnitude inside of the Flux-Rope.

DIP is the value of the Normalized Time where F is equal to F, /2.

« DIP=0.5 is symmetric magnetic field magnitude.
« DIP > 0.5 is back compression magnetic field mag.
« DIP <0.5is front compression magnetic field mag.

|
b= f  Bdt  pxpaNsION VEL.

19950207_038 Wind
E{ lllllll [rrrrrrros [rrrrrroros [rrrronrrrT [rroT E

DIP £ ! V = A*time+B
700 E

Vo =(V,—V,)/2

IBI (nT)

39 40 41 42
DOY of 1995

Gulisano et al.2010

Normalized time



Earth-directed ICME magnetic field configurations

http://wind.nasa.gov
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Lepping et al. 1990

Wind ICME events 1995-2014 Nioves-Ch. et al. 2005
Cycle 23 (146) Lepping et al. 2008
Cycle 24 (241) Richardson & Cane, 2010
Lepping et al. 2010
'1-():1-‘:,6x [: | (3.87) i ; | . T T T Kilpua et al. 2012
: *Cycle 23 MO bac
| [+ Cycle 24
o~ °
0.8 N . .
= N *
e M N ¢ ’..
- \.\ o °* |
0.6 ¢ ,\:.Qf ’3/. *. < —_
n 0.\\.|0.( oo L e, e o _
o [ RNk § 2R SR NI .
- s ¥ 4 _
. o 00 ., ‘. % 4 . s o . ¢ :
04— 7 %o lo 'gix} Qe .0 . ]
B . / . ., 0‘;0 “g,, LR A T e TS |
u [ O s T 2%t W teg et
* o e g e 3% DIP
B s ’ro L ead o’ o o
02— g ¢ . * L%l
- ) P I . . .
s
0.0 [ R R L1 1 L1 1 o
-100 -50 0 ? é g
Nieves-Chinchilla et al. in preparation Ve (KM/S) | Normalized ime




DIP

1.0

0.8 M

| Cycle 24

Cycle 23

169 (57%)

I
I
I
I
N 126 (43%) |
I
I

* 164 (55%) ICME DIP = 0.5+0.05 |

v

*Cycle23| 7
» Cycle 24

— —
Ve

Normalized time




AREA 3

Vexp<0.km/s & DilPP>0.5 AREA 2
13% ol V. >0 km/s & DIP>0.5
m/s .
, exp
MO back 21%

[e
06 — 0\00.
N

+.

04— -

AREA 4 . M.O Front
Vp<0.km/s & DiP<0.5 Vip>0-km/s & DiP<0.5
18% Vexp (KM/S) 48%




DIP

0.3

0.2

0.1

0.0

C23 => 67 events (37% of Al Total) <V>=39 km/s
C24 => 113 events (63% of A1l Total) <V__>=34 km/s

d 3 l|. ole T ¥ 1 |° T T | T T T | T T
Ne * .‘ L 2 :
o~ L 2 ® -
~ 8 “ . -
Ne * o, . -
. —
* PN O . ¢ TS . T
o @ N * * . . 'S -
°®® LR 4 \. o o o -]
P @ "™ - TS -
[ * » o*® o * -
% oo . < o * o -
- ¢ o e ~Ne . 'S -
— * N L 2R 4 PS * —
- L °* * N . °* -
- @ e®® 4 ¢ o N ¢ . -
Kg 'S 4 P . ’\ ® -
. . o ¢~ -
\ —
¢ 8 . ¢ N .
IS ¢ . * -
* o N -
¢ ~ * -
* ~ * -
TS \ -
. ~ -
N -
N -
«Cycle 23 ~ -
*Cycle 24 N - -
| 1 l | 1 | l | | 1 | | 1 | | | 1 l L_<

0 20 40 60

V., (km/s) AREA 1

Veyp>0.km/s & DiP<0.5
48%




DIP

C23 => 67 events (18% of Al Total) <V,>=39 km/s
C24 => 113 events (30% of Al Total) <V, >=34 km/s

0.5 J ;. T ,.t|. ole T ¥ 1 |° T T | T T T | T T | —
Y ‘ L 2 :
-~ \0 o e o . -
N * % o -
*0 N\ o ¢ . ¢ =
04fF % o o N % * o . —
e® oJ%e @ \.\ N o ’ ® -
o @ o % -
- o . - o\ < -
. * >4 ., o2 E
< —
0.3 . .. -
& .o .0. o © o * :
PN ¢ . ¢ S -
0.2 ¢ ‘ . ¢ * * —:
e Magnetic field
Magnetic fteld expansign
0.1 . compreSsion in-situ observad
' In-situ observed o =
*Cycle 23 N -
*Cycle 24 N -
N—-
00 | | 1 L1 S

R
° “FR CROSS:

Veyp>0.km/s & DiP<0.5
48%




C23 =>32 events (8% of C23 Total) <V,,>=25km/s
C24 =>24 events (13% of C24 Total) <V, ,>=19 km/s

Wind ICME on Nov 17, 2008
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C23 =>32 events (8% of C23 Total) <V,,>=25km/s
C24 => 24 events (13% of C24 Total) <V,,>=19 km/s

Wind ICME on Nov 17, 2008
Observed V,, = 53 km/s
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Can we get information about the Magnetic Obstacle topology from the in-
situ observations?
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DIP

Some events from WG4
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Summary & Conclusions

« Arealflux-rope could be defined as magnetized plasma contained within @
closed structure with magnetic field lines wrapping around in a twisting and

disordered way.

« Despite multipoint and multi-view observations, the reconciliation between
the in-situ and imaging interpretations of these 3D structures remains open.

« Empirical models for flux-ropes in the low corona are linked with in-situ
analytical models through forward modeling techniques that provide
geometrical and kinematic parameters.

« |tis a challenge to conciliate the magnetic field topology view from 3D MHD
simulations with the the neat, and helically well-organized magnetic field lines
reconstructed with current in-situ analytical models.

« To learn about the Magnetic Obstacle
topology from the in-situ observations, we
have developed a parameter (Distortion
Parameter, DIP).

* DIP vs expansion velocity analysis
evidences that more effects than
expansion should be included (Models
On Demand) as curvature, interaction ...
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