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eI el PRl ([CoLe) S n@fie ©Biell)) Toreine e i el { current is parallel to the magnetic fied, | investigated with heliospheric imagers. Recently, this has
magnetic configuration of erupting filaments. With the / meaning that V. x B =aB. Solutions to this led to the conclusion that CMEs are not coherent
- : equation have been presented for a cylindrical -3 - -
development of interplanetary probes, various : - - . ] structures (Owens, 2017), reviving an argument that Suess
- i configuration assuming a constant a. Even this ( : ), S S
interplanetary data revealed that interplanetary y onrig UMming . (1988) addressed. Based on in-situ measurements
transients had unusual plasma and magnetic field simplest approximation of a force-free field o . ' ’
: does not implthat o e el e oy . Demoulin et al. (2016) have concluded that CMEs have an
roperties. ply L : : . : ) :
prop Lundquist/Lepping force-free fit is widely used 3oL L L L - elliptical cross-section with a 3:1 ratio, which is not
There were many discussions in the 1970s about the in the solar-terrestrial community, the variation 7 e consistent with an extreme elliptical cross-section. Al-
morphology of CMEs. With the definition of magnetic wer of the magnetic field components are much s Haddad et al. (2022) used plagma measurements near 1 AU
cloud and the development of the force-free fitting in @ better fitted by it than the total magnetic R P P PR T to test these different scenarios and found moderate non-
the 1980s, a paradigm has taken hold that equates | tery o e e s o o o e i field. The Lundquist model, in its simplest e weomr ] racia’ fows, with directions (10K SIS
CMEs with highly twisted force-free cylindrical flux s Ao o e e e gt h g et form, always “predicts” the maximum e 300} PR ! typical scenarios.
ropes with a circular cross-section and closed field B magnetic field strength to occur in the center =g CME pancaking due to the structured solar wind has been
lines. Many observational aspects show that this equivalence is too limiting. of the magnetic cloud, whereas this is rarely e imaged a few times (e.g., Savani et al., 2010) but the
The goal of this work is to review studies made possible by the wealth of data over the past | °bserved. 3 consequences for fitting models have not been
25-40 years and to lay out a model that provide a more up-to-date visual of the structure of |\ | 1nvestigated. _
CMEs. We show common visualization of CMEs and point out the lack of clear evolution in these |/~ D 4
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force-free nature, the field line length and twist distribution, the open/closed nature of the Limitations: F]eld L.]ne. . i o Limitations: Writhe and Complex
field lines within CMEs, the shape and coherence of the CMEs, and the form of helicity within Length and Twist Distribution . AEENES —1 Structures
CMEs, the stability of force-free field. At the end, we present an updated sketch of a magnetic P el n . , A SR
i hat incorpor he maiori f th , undquist fitting model as it is applied in most | & | . | : :
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Standard Models of CMEs :PT:muTsl{l\r/g ]:ng:eerglcdgtg&t‘:gmegsig cé;gtglo\uzh flf;]rgg o . K5 do not work well for large impact parameters and that “result
SUN topdeterminegthe field lines, found that the _ x T " fmm teCh.niqL,J,eS to infer global morphology must be viewed
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Due to the variety of CME profiles observed in SitU, \_/// \\ \ inside MCs (see Flgure to the r]ght). Figure 5. Superposed epoch plot of Le for all ICMEs, combining 16 EPAM a . 3-D rT;agnetic field with
they have been classified into different categories: - | \ Most fitting models are based on a predetermined | 2 e mide te bomndres Open crcis soidcircles, and cross ar significant writhe but low
magnetic cloud, following the definition of Burlaga Cloud Tk twist distribution, and therefore cannot be used to ———————r—" twist can be well fitted by a
et al. (1981), magnetic cloud-like or magnetic | investigate the twist distribution inside MEs. Mostl . twisted flux rope model,
ejecta, exhibiting some or most, but not all, of the | shoex et al. (2009) determined that the twist of the 2007 : e which will return a twisted
characteristics of magnetic clouds, various Plasma Counterstroaming May 23 CME observed simultaneously by Wind and IRV flux rope. The assumption of [
manifestations of interacting CMEs and other /] STEREO-A was about 1.5 turns per AU and uniform ] i axial invariance is key in
cqmplex ejecta, YVhiCh primarily encompass events / : / throughout the ejecta. The authors noted that this L returning twisted flux rope
with lQW .and high amount of rotation of the / is inconsistent with the circular cross-section linear i T b " but has not been well tested S == ||
magnetic field vector 3 {v/;/ \ | || force-free fittings. Other examples with higher |mitiws ity | | due to the lack of multi- 3
The cartoon by Zurbuchen & Richardson (2006) is / = 2= \ twist are shown in the Figure on the right. Uhe top of e panels v the slopes of e nearfmg e oM TR nemberen spacecraft measurements.
often used to introduce CMEs and present a highly o / ® > <>
twisted flux rope with a circular cross-section, Earth / Zurbuchen & Richardson, Taal - . Q - - .
closed field lines in a quasi-2D configuration. This ' — t!m]tat]ons' O €n ClOsed F]eld Crooker et al., Summar’y: A more PhMS]CaI SketCh Of
model is used for all CME profiles, with the understanding that more complex profiles are 1NeS . .
associated with crossings away from the nose/axis. o 5 . o Magnetic Ejecta
The possibility that the magnetic field lines inside
CMEs are open was already noted by Burlaga et al While many of these points may be known by CME researchers,
Remote Sensing (1981). All models and representations assume that the the common sketch and visualization as highlighted in the first
CMEs are observed during their eruptions using remote-sensing imagers, such as coronagraphs %iigggco:eil:ﬂehgfcs)sg;we gfloiicei. gzzgstlaat;?nthixg column do not capture this physics. Developing a more realistic
measuring the Thomson scattered light, or extreme-ultraviolet imager. The figure below shows e el o i M (G, s Ruffenyach otal | N = o sketch that captures these processes is essential to propgrly
a CME erupting in a coronagraph. While this is often described and analyzed as a flux rope, 2012), which still leaves thé cZ) o of the “flux rope.’,’ o protoNs /e convey the g:omplex1ty of ;MES and the depth of physical
what is observed is a direct measure of the electron density along the observer-Sun line of compé)se 4 of closed field lines S - // processes which are still active areas of research. We propose
sight. As such, one . - PLANE T one such sketch here.
observes primarily a high However, the most d1.rect ‘measurements of the Fig. 2. Coronal mass ejectin struckure based on
density structure Rouillard et al,, 2020 topology of magnetic field lines are obtained from oe e
emerging from the lower suprathermal electrons: bidirectional electrons (BDEs) ——
corona. A cavity of low are sjgnatures of closed. field. lines and single strahls 1995 ((1
density might or might are signatures of open field lme; (although they hqve O
not be present, and has also been explained as being associated with >
been analyzed as asymmetric closed field lines). Measurements (see |
CorreSpOnding to the Figures) anC eg) work by Crooker et al) indicate that Figure_ 4. An' example of several different magnetic
magnetic ejecta. MCs are typically composed of a mix Of open and | Jeenes poube o o Chl s e maergone -
closed field lines with the “core” being as likely | au possible topologies are represented.
k L composed of open or closed field lines.
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Fig. 3. Helical portion of the flux rope magnetic field,
drawn separately as if it were an overlay for Figure 2, for
clarity. The shaded area is the meridional cross-section
of the rope and fits between discontinuities 5 and 8.
The solid (dashed) curves trace the distorted helix in
front (back) of the shaded plane. The helix is distorted
according to the ecliptic cross-sectional shape in Figure 4.
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Fig. 4. Cross-section of the Figure 2 structure. The
shaded region is the helical portion of the flux rope,
between discontinuities 5 and 8. The core of the rope,
between discontinuities 6 and 7, is unshaded, and the
southward direction of the magnetic field is indicated
there. The dashed contour inside the shaded region is a
projection of one turn in the helical magnetic field. The
dashed curves spiraling out from the sun indicate the IMF
polarity.




