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Recent Advances from Theory and 3-D Numerical Modeling in Understanding the Origin and Evolution of
CMEs and Related SEP Events
Roussev, I.%; Sokolov, I.%; Lugaz, N.2
YUniversity of Hawaii; “Department of AOSS, University of Michigan; *Institute for Astronomy, University of Hawaii

To date, it is well established that Coronal Mass Ejections (CMEs) play a leading role in the Sun-Earth connection,
because of their large-scale, energetics and direct impact on the space environment near the Earth. As CMEs evolve in the
solar corona and interplanetary space they drive shock waves, which act as powerful accelerators of charged particles in
the heliosphere by means of Fermi acceleration processes. Some of these so-called Solar Energetic Particles (SEPs) can
strike our planet, and in doing so they can disrupt satellites and knock out power systems on the ground, among other
effects. The SEPs, along with the intensive X-ray radiation from solar flares, also endanger human life in outer space. That
is why it is important for solar scientists to understand and predict the ever changing environmental conditions in outer
space due to solar eruptive events -- the space weather. To enable the development of accurate space weather forecast, in
the past 35 years solar scientists have been challenged to provide an improved understanding of the physical causes of
CMEs and related phenomena, such as the production of SEPs. This talk summarizes the most recent advances from
theory and 3-D numerical modeling in understanding the origin and evolution of CMEs and related SEP events.



Recent Advances from Theory

and 3D Numerical Modeling In

Understanding the Origin and
Evolution of CMEs

..'-_'1-5,“

il |
llia Roussev & Noé Lugaz | -!li
Institute for Astronomy & |
Carla Jacobs |
Katholieke Universiteit Leuven

Igor Sokolov
University of Michigan




12,2008
Germany

*
b
E:

"
.

e
e

=

=

-

-

o
(o

|

e
.
.
.

e
e

i
.
sai s

L
A e
L3 -
¥
=

.
-
:
-
o
5
.
o
i
2

.

-
-
=
"
<
o
o

b
g
4
L
%

-
-

o F
.

D
"
-
i
©
i

=
.
.
.
L
1
e
5
.
o
sl
s
e
o
.
e

i

.

o
.
N
.
o
|
s
-

h
%
A
.
i
5
-

Freiburg

%,
o
.

h
ko
-
.
£
i
o
%
.
.
.
.
-

T
o

|

£

.

i
o

.

.
-
-
.

-

-
=

=
.
.
.
*
e

-
-
.
0
-
.
.
.
.
-
"
i

s
.
-
"

-
P
.
B
:*'
-
-
=

-
&

i

.
"

.
-

o

-

.
.

.
T
o

&

2
o
.

e R e

A Pﬂi
i L
b Bl o P . .

o . =

-
-
-

:
-

e
"
.
-

ESPM-12, Sep 8-

=
e
e
gy
e
o

i
e

‘:*a%amﬁ%
T
= Mg
e e
o

ty of Hawa

iversi

Institute for Astronomy

Un

B Ay et srnelie i
ASTRONOMY

UNIVERSITY OF HAWAII




UNIVERSITY OF HAWAIL

-:m—‘_-.-aﬁ
ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawalii Freiburg, Germany




UNIVERSITY OF HAWAII

P
ASTRONOMY

Institute for Astronomy

Lk

University of Hawalii Freiburg, Germany




UNIVERSITY OF HAWAIL

ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawaii Freiburg, Germany




UNIVERSITY OF HAWAII

S N SN SR S
ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawaii Freiburg, Germany




UNIVERSITY OF HAWAIL

ASTRONOMY

[
B
He,

St

x
Institute for Astronomy ESPM-12, Sep 8-12, 2008

Freiburg, Germany

University of Hawaii




UNIVERSITY OF HAWAII

ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawalii Freiburg, Germany




UNIVERSITY OF HAWAII

ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawaii Freiburg, Germany




UNIVERSITY OF HAWAIL

B Ay et srnelie i
ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawalii Freiburg, Germany




UNIVERSITY OF HAWAII

-ﬁ'_"!-*-:—_'-'ﬂ-:._ o

ASTRONOMY

Institute for Astronomy ESPM-12, Sep 8-12, 2008

University of Hawaii Freiburg, Germany




DSA Accelera

LozF) ['m%r'keV '] -5.00 -3.04 -1.08 0,88 284 430 676 271 1067
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Evolution of Shock Ang

INS quasi-perpendicular in first hour of evolution!
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Model Features

' Multi-polar magnetic field is
produced by:

< Global, dipolar-type
magnetic field resembling
Sun at solar minimum.

@ Pre-existing active region

outer spots with B; ~ 50

emerged active
1er spots with By
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T=0001:00:00 T=0002:00:00 T=0004:00:00

Uz [km/s]

g 790
720
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What Is Ne
Simulatic

Kev Results T=0000:50:00
N/ This is not standard flux- ve (em/e]
rope type CME. i oo

@ S00

& Magnetic field of CME has
significant writhe.

\/ Foot-prints of erupting
magnetic field are not
localized on solar surface.
~ There may be jumps in

2ld line mapping on solar

e as satellite flies
E.

wave
erlying
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Why Is Magnetic
Complicated?

T=0000:50:4040

\/ Magnetic reconnection
occurs at three sites:

& Red field lines reconnect
through current sheets
formed at two pre-existing
null points in NE and SW:
result of reconnection is
blue field lines.

<~ Blue field lines are
pushed equator-ward and
econnect to form the

ow field lines.
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Why Is Magn
Complicated? (

T=0000:50:00

N/ There is also reconnection
from two other flux systems
through the N and S parts of
the current sheets in NE
and SW:

Red field lines reconnect to

m the flue field lines (one
h is highly kinked).
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prints at Sun change due to reconnection.

- enable suprathermals (produced during flare) to undergo diffusive-shock-
nce closed loops become open.
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3D Structure of Coro
Fleld att =4 hr

T=0004:00:00
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