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They represent a global view of the phenomenon!

FORMS OF CORONAL MASS EJECTIONS
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NASA Skylab (1973-1974); 2-6 Rg; Film detector 1979-1985: Solwind observations;
(5 resolution); ~100 CMEs observed Howard et al., 1984

>1995: SOHO/LASCO; Cremades & Bothmer, 2004



CME (POS) speed distribution - SOHO data 1996-2011

Shock/SEP associated CMEs
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Shocks driven by fast CMEs

Helios 1 - 1980 CME DRIVEN SHOCKS

High CME speeds in the corona suggest that
shocks can be driven at those locations

Indirect indication of shock existence are
present in radio type Il burst, deflected
streamers, and SEP events
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Hildner (1975) and Dulk (1976) identified

" in coronagraph images -

Tp
[°K] 10° "forerunners

L ambiguous
104 —

1200 2400 1200 2400 1200

May 13 May 14 [UT] May 15 First direct detection of CME-driven shock in
LASCO images (Vourlidas, 2003) confirmed
Sheeley et al., JGR, 98, 1985 by MHD simulations Image credit :NASA

Detectability of CME driven shocks in white light images depends on the ratio between density compression
and background corona (Vourlidas, 2006)




Interpretation of ISEE 3 and Helios Measurements - single-point observations

A POSSIBLE GEOMETRY OF FLARE EXPELLED Helios 151471980/1 71-173
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A magnetic cloud observed with Helios 1 directly following a CME observed with Solwind -

single-point S/C observation

suprathermal electrons
(E=221 keV)
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Bothmer, Solar Wind 9, 119-126, 1999; see also Burlaga 1990



Self-consistent MHD explanation for the magnetic structure of a MC -
global vs. single-point view

Assume that the plasma
is in static
equilibrium, without
influence of external
forces, e.g.,
gravitation:

MVA-Analysis
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if B « 1, a force-free
configuration can be
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Sun
ixB=20
SECLIPTIC
PLANE the electric current

is flowing everywhere
parallel or
antiparallel to B

Goldstein, 1983; Bothmer & Schwenn, Ann. Geophys., 16, 1998



Proposed scheme for the solar cycle dependence
of the observed MC types

Magnetic polarity of sunspots Structure of filaments Flux rope type of magnetic clouds
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Solwind coronagraph on board
P78-1 (1979-1985) The Helios 1 & 2 spacecraft

(1974-1986)

2018-11-01 03:45

15° 30° A 60°
HPLN-ARC

All Helios 1
5-8-79 1215 UT
directed CMEs with a s
speed >400 km/s (POS

speed!) in the FOV

of the Solwind

coronagraph caused a

shock at Helios 1!
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Gosling, AGU Geophys. Monogr. 1990
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The 5 parts identified in MC events detected
by the Helios S/C - global vs. single-point
view (Temmer and Bothmer, 2022)

* S = Shock or
compression
wave

S ¢ DS = Diffuse
sheath

* BF = Bright
front (LE)

* FR = Flux rope
(Cavity)

e C = Core
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Schematic structure of a flux-rope ICME and its plasma regions -
global vs. single-point view
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Credit: N. Mrotzek, PhD dissertation UGOE, 2019 /20; adapted from Zurbuchen and Richardson, 2006.



Sketch representing a CME and its driven shock in different stages of their
evolution: the standoff-distance increases as the CME travels away from the Sun, and deceleration occurs
during its interplanetary propagation (Volpes and Bothmer, 2015).
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Complexity caused by multiple CMEs/ICMEs
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»WISPR-Composite® Images from Encounter 10, Perihelion at ©.07 au,
l6th to 26th November 2021 - CME Dynamics and Interactions close to the Sun

o > HAE Lat:  1.13 dea
87 dea R aa S/C HAE Lon:
23.57 Rs et 4 S/C Dist:
. : 21/11/23 01:04 UT
21/11/23 01:08 UT
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Credit: Howard et al., ApJ, 2022



»WISPR-Composite® Images from Encounter 10, Perihelion at 0.07 au,
16th to 26th November 2021 - CME Dynamics and Interactions close to the Sun

Corona seen duni atotal echi se

Encounter 10
2021-11-16 04:18 UT
Speed: 70.30 km/s
Distance: 53.76 Rs
Carr Lon: 348.33°
FOV Range at 0° Lat:
[ 12.50, 97.77]1 Rs

0° 152 30°
NASA Parker Solar Probe / WISPR; WISPR.NRL.NAVY.MIL NASA/NRL/IHUAPL

Credit: B. GallagherWISPR Con sortium

Reliable inclusion of large-scale turbulence is fundamental to help establish more accurate SW forecasts - PSP/WISPR



PUNCH Integrated FOV:
6-180 R_(1.5°-45°)
Every 32 min.

PUNCHRapid FOV:
6-80R (1.58:202)
Every4min.
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Looking forward to launch!



CMEs are accelerated to about 10 Rs and then decelerate due to their
interaction with the ambient solar wind.

Remote sensing observations provide a global view of the CME whereas ICME
observations represent single-point measurements - CMES/ICMEs evolve with
distance from the Sun.

The schematic structure of an ICME reveals several distinct plasma/field
signatures from its upstream to its trailing regions.

The unique observations by PSP/WISPR at the birthplace of the solar wind and
of CMEs/ICMEs emphasise the importance of large-scale turbulence in their
heliospheric evolution and the need to account for these processes to help
establish more accurate space weather forecasts.

The PUNCH mission will soon provide new observations on CMES/ICMEs and
large-scale turbulence in the inner heliosphere.
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