Flux Rope CDAW Agenda

Sep 21 Tuesday

9:00 Welcome

9:05 Logistics (Jon Linker/Pete Riley)

9: 15 Flux rope Tutorial (K. Marubashi)

10:30 Coffee Break

11:00 CDAW overview (N. Gopalswamy)

11:45 Solar Source Properties (S. Yashiro)

12:30 Lunch

14:00 The visibility of flux ropes in the coronagraphic images (A. Vourlidas)

14: 45 STEREO/SMEI-era ICME list relevant to the flux-rope question (D. Webb)
15:30 Coffee Break

16:00 The effect of direction parameter on the classification of MC and EJ (R-S Kim)

16:30 : Looking for the physical parameters which control the classification of MC
and Ejecta

17:00 Krall Flux rope fitting (H. Xie)



9:00 Grad-Shafranov fitting (Q. Hu)

9:45 Cylindrical & Spheromak fitting (K.
Marubashi)

10:30 Coffee break
11:00 Fitting of a STEREO Flux rope (C-C Wu)
11:30 Solar sources (Jie Zhang)

Multi-spacectaft observations of flux ropes (C.
Moestl)

Flux rope Rotatin (T. Torok)



Flux-Rope CDAW: Overview

N. Gopalswamy



Sheath

Hypothesis: All ICMEs have
Flux rope structure

The observed difference
Between flux ropes and
non-flux ropes is due to
Different Sun-observer angles

Arguments in support
Deviations from this picture



ICMEs: Variation due to Geometry

1 shock only

il =ik el L

2 shock + sheath 4 gjecta?

3 gjecta?

¢ MC only

3 shock+sheath+MC
Gopalswamy, 2006 SSRv
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Chromospheric Change

18:01:31

EBSO 10" He: 2005-05-13 15:38:57

Courtesy:. YurchyShyn



Eruption Geometry is also common to

all ICME sources
PIL




Flux-rope & Non-flux-rope Structures
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* The flux rope structure is
formed by the
reconnection of sheared
loops at the Sun during
the eruption.

e How are the non-flux-

rope structures formed?
Do they have different
flare geometry?



If all ICMEs are Flux Ropes...

Geometry is Key
MCs must be coming from the disk center
Non-MCs at intermediate angles

“Driverless” shocks at large angles from the
Sun-Earth line — due to limb CMEs
(Gopalswamy et al., 2001 JGR)



Solar Sources

N MCs
@: MC Only a few sources outside

. el

CMD < 30°

Non-MCs (NCs)

Solar sources widely
distributed. Most sources at
CMD > 15°. Many
cheptlons
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“Driverless Shocks”

Shocks without an ICME

behind them. All we see is a
shock and some sheath.

L Solar sources generally have

CMD > 30° except for a few

central events

Gopalswamy, 2006 SSRv S



Higher MC Lat. in the Rise Phase

Gopalswamy et al., 2007
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Solar Sources of “driverless” IP shocks
(ICME not intercepted at Earth)

1 shock only

2 shock + sheath 4 ejecta?

S 3 shock+sheath+MC

Gopalswamy et al., 2001; 2009 JGR



At 1 AU: Just the Shock & Sheath
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Some CMEs from Disk Center do not
Reach Earth

EIT/284 2003/11/20 08:06
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Possible Deviations

* Rise Phase: Global dipolar field is strong =
Higher lat. CMEs may become MCs

* Max Phase: more CME collisions =2
deflections & merger are common (complex
ejecta) — needs systematic study

* Declining Phase: More equatorial coronal
holes = CMEs are deflected



How to make Progress?

Consider Central Sources (CMD £ 15°)

All types are present in this zone: 24 MCs, 35
non-MCs and 5 driverless shocks

Driverless shocks explained as due o coronal
holes

This CDAW is to understand why so many
central ICMEs are not MCs



What can we compare?

Solar sources: Active region properties, flare properties,
neutral line orientation, filaments,

CME properties: Kinematics, angular width, non-radial
ejection, ...

ICME properties: magnetic (B, By, Bz), Plasma (V, Tp,
Np), charge state (0O7+/06+ & <QFe>)

Modeling (flux-rope fitting to MC and non-MC events)
MHD simulation

Comparison with STEREO events

Others
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Angular Width

Fraction of Halos is a good indicator of the
width of a CME population

75% of MCs (18/24) are full halos (W = 360°)
60% of EJ (21/35) are full halos
17 partial halos (6 MC; 14 EJ)

3 narrow (W < 60°) (MC —59°; EJ —40°; EJ —
45°) — incorrect identification?



Charge States
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Solar Wind Signatures: 2000 July 10 EJ

Shock: 10/06:00 ICME: 11/01:30-11/11:22

Magnetic signatures — not MC-like

SW Speed — not MC-like
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17 MC: Solar Source
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39 MC: 2002 May 18
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2002 May 18 MC: No O, QFe Signature
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30 MC: Solar Source
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Almost all of the MCs had enhanced
O7+/06+ and <QFe>

ICME Type 07/06 Enhancement QFe Enhancement

% N % N
MC 21/22 (95%) 1/22 (5%) 20/22 (91%) 2/22 (9%)
EJ 18 /33 (55%)  15/33 (45%) 16/33 (48%) 17/33 (52%)

ICME Type Average Average QFe
07/06 Enhancement

Enhancement

MC 2.7 15.4
EJ 1.7 14.4



count rate
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Central O’*/0% compared with all

The Oxygen ratio is
higher by ~60% for MCs
compared to Ejecta

The ratio for CDAW
events is higher than that
for the general population
(CDAW events are from
disk center
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MC values consistent with the
Previous events

Ejecta values slightly higher probably
Because we consider only disk-center events

Question: High QFe Ejecta magnetic clouds
classified mistakenly?



Charge State Analysis

Nearly all MCs have high O7+/06+ ratio (> 0.8)
and average Fe charge state (<QFe> > 12)

Only ~half of non-MCs have high O7+/06+
and QFe

<QFe>,,~ 1.07 <QFe>,
<07+/06+>,,.~ 1.6 < O7+/06+>
Comparison with the general population
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Charge State Plots

e 07/06 and QFe are shown with a time
resolution of 1 hour. The '+' marks indicate
data values, which are connected by solid
lines. The solid vertical line indicates the shock,
and the dashed vertical lines indicate the start
and end of the ICME. The solid horizontal lines
indicate threshold levels of 0.8 for oxygen and
12 for QFe, which indicate enhanced levels
often found within ICMEs.
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