CMEs_SCOSTEP_2014
Современные наблюдения (
Значительный прогресс последних лет в понимании CMEs и связанных с ними явлений
Studies over the past decade using the data sets from (among others) the SOHO, TRACE, Wind, ACE, STEREO, and SDO spacecraft, along with ground-based instruments, have improved our knowledge of the origins and development of CMEs at the Sun and how they contribute to space weather at Earth. SOHO, launched in 1995, has provided us with almost continuous coverage of the solar corona over more than a complete solar cycle, and the heliospheric imagers SMEI (2003–2011) and the HIs (operating since early 2007) have provided us with the capability to image and track CMEs continually across the inner heliosphere. We review some key coronal properties of CMEs, their source regions and their propagation through the solar wind. The LASCO coronagraphs routinely observe CMEs launched along the Sun-Earth line as halo-like brightenings. STEREO also permits observing Earth-directed CMEs from three different viewpoints of increasing azimuthal separation, thereby enabling the estimation of their three-dimensional properties. These are important not only for space weather prediction purposes, but also for understanding the development and internal structure of CMEs since we view their source regions on the solar disk and can measure their in-situ characteristics along their axes. Included in our discussion of the recent developments in CME-related phenomena are the latest developments from the STEREO and LASCO coronagraphs and the SMEI and HI heliospheric imagers.

- Solar and Heliospheric Observatory (SOHO) (1996-present),: Extreme-ultraviolet Imaging Telescope (EIT); Large Angle and Spectrometric Coronagraph (LASCO); MDI
- the TRACE mission (1998-2010).

- the Ramaty High Energy Solar Spectroscopic Imager (RHESSI) mission (2002-present), 

- the Solar Terrestrial Relations Observatory (STEREO) mission (2006-present), 

- the Hinode mission (2006-present),
- CORONAS ?

the white-light coronagraphic observations from the Solar Heliospheric Observatory (SOHO) and the WAVES radio experiment on board Wind. 

- many years of observational and theoretical

studies of solar eruptions have not yet led to consensus about their scenarios,

relation to flares, and the development of CMEs. It is possible that different

scenarios adequately describe the events of di®erent types, but the opportunities

to verify the existing concepts were restricted by the observational limitations.
- EUV full-disk high-resolution images at an unprecedented 12-second cadence, the Atmospheric Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO) (2010-present),  HMI
Наземные инструменты  RATAN-600, NRH, Nobeyama RH, modernized SSRT
Detailed case studies
- the early evolution
- the implications of the presented observations for the CME modeling
- the formation and the disruption of 
twisted  Magnetic flux ropes: Fundamental structures for eruptive phenomena
the presence of a TFR in a pre-eruptive configuration?

 the formation and the disruption
their rising through the convection zone, their emergence through the photosphere, and their subsequent evolution in the corona.
But the detailed mechanisms which can bring the corona towards an eruptive stage, then trigger and drive the eruption, and finally make it explosive, are not fully understood.
- how do impulsive eruptions occur; how do CMEs

expand; when and where are coronal shocks excited; where are shock waves in

images; are `EUV waves' related to shocks or not, etc.
- Evolution of CME-associated Magnetic Fields 
- How does evolution of the coronal magnetic field lead to eruptive events? 

- Responsibility of a Filament Eruption for the Initiation of a Flare, CME, and Blast Wave, and its Possible Transformation into a Bow Shock.
Passive or active role of filaments.
- eruptive jet and a CME
- How are CMEs accelerated? 

- CME-coronal ray interaction
- CME from AR- and non-AR-eruptions

- eruptive prominences in relation to coronal mass ejections (CMEs).
- a temporal correspondence between the hard X-ray °are emission and acceleration of a CME.
- how shock waves are driven in the CME processes.
- when and where shock waves form in solar eruptions
- kinematic behaviors
- Relation Between Large-Scale Coronal waves (EIT waves), Moreton waves, shocks and Type II Radio Bursts
- The nonradial motion of CMEs
- Interaction between Two Coronal Mass Ejections, “CME cannibalism”
- The Internal Structure of Coronal Mass Ejections

- “Stealth CME”
- there is no single scenario that operates in all the events
- the temporal and spatial properties of solar energetic particle events
- Halo-like CMEs are of special interest for space weather because they suggest the launch of a geoeffective disturbance toward Earth.
-  multi-point imaging STEREO and the SDO

- The CME consequences in the heliosphere such as interplanetary shocks, type II radio bursts, energetic particles, geomagnetic storms, and cosmic ray modulation
-“twin-CME” scenario [Li et al., 2012] may be a very effective mechanism in causing extreme Solar Energetic Particle (SEP) events and in particular Ground Level Enhancement (GLE) events.
- Sources of SEP Acceleration during Flare–CME Events
- particle acceleration and transport at CME-driven shocks
- Mixed particle acceleration at CME-driven shocks and flares
- Long-Term Cosmic Ray Variability and the CME-Index

- future space missions (such as Solar Orbiter, Solar Probe Plus, and Solar-C),  Interheliozond
Вместо STEREO
Earth-Affecting Solar Causes Observatory (EASCO): A Potential International Living with a Star Mission from Sun-Earth L5*
Вместо STEREO
Observatories of the Solar Corona and Active Regions (OSCAR) Mission
Вместо SDO
Solar Eruptive Events (SEE) 2020 Mission
- Observations from ground-based observatories such as ATST  (Advanced Technology Solar Telescope) and FASR  (Frequency-Agile Solar Radiotelescope) 
LOFAR ( Low-Frequency Array) - an interferometric array of radio telescopes using about 25,000 small antennas concentrated in at least 48 larger stations. 40 of these stations are distributed across the Netherlands, five stations in Germany, and one each in Great Britain, France and Sweden. Further stations may also be built in other European countries.
Atacama Large Millimeter/submillimeter Array, or ALMA, an eventual complex of 66 dishes located at an altitude of 16,400 feet (5,000 m) atop Chajnantor Plateau in Chile's Atacama desert. 

ICMEs and space weather ?

- Future development of the early diagnostics of geoefficiency of solar eruptions (CMEs) by their magnetic flux
Magnetic Flux of EUV Arcade and Dimming Regions as a Relevant Parameter for Early Diagnostics of Solar Eruptions – Sources of Non-recurrent Geomagnetic Storms and Forbush Decreases

I. M. Chertok, V. V. Grechnev, A. V. Belov, A. A. Abunin
Solar Physics, January 2013, Volume 282, Issue 1, pp 175-199  

- Methods for Predicting the Arrival time of Coronal Mass Ejections at Earth
- Models

- Wang–Sheeley–Arge (WSA)-Enlil 3D numerical solar corona-solar wind model
- Reconstruction of the CME (using SOHO/LASCO, STEREO COR, and HI observations), and modeling with the ENLIL cone model/
-------------------------------------------------------------------------------------------------------------------------------

3D Reconstruction of Active Regions with STEREO (Invited Review)
Markus J. Aschwanden and Jean-Pierre Wuelser

E-print, Feb 2010, J. Atmos. Solar-Terr. Physics,

We review data analysis and physical modeling related to the 3D reconstruction of active regions in the solar corona, using stereoscopic image pairs from the STEREO/EUVI instrument. This includes the 3D geometry of coronal loops (with measurements of the loop inclination plane, coplanarity, circularity, and hydrostaticity), the 3D electron density and temperature distribution (which enables diagnostics of hydrostatic, hydrodynamic, and heating processes), the 3D magnetic field (independent of any theoretical model based on photospheric extrapolations), as well as the 3D reconstruction of CME phenomena, such as EUV dimming, CME acceleration, CME bubble expansion, and associated Lorentz forces that excite MHD kink-mode oscillations in the surroundings of a CME launch site. The mass of CMEs, usually measured from white-light coronagraphs, can be determined independently from the EUV dimming in the CME source region. The full 3D density and temperature structure of an active region can be reconstructed in unprecedented detail with instant stereoscopic tomography. 

2. 3D Geometry of Active Regions

3. 3D Density Reconstruction of Active Regions

4. 3D Temperature Diagnostics of Active Regions

5. 3D Magnetic Field Modeling of Active Regions

6. 3D Reconstruction of EUV Dimming and CME mass

7. 3D Motion of Loop Oscillations and Waves

The physical mechanisms that initiate and drive solar eruptions          Review
G. Aulanier
E-print, Sept 2013; Proceedings of the IAU S300, in press                       
Solar eruptions are due to a sudden destabilization of force-free coronal magnetic fields. But the detailed mechanisms which can bring the corona towards an eruptive stage, then trigger and drive the eruption, and finally make it explosive, are not fully understood. A large variety of storage-and-release models have been developed and opposed to each other since 40 years. For example, photospheric flux emergence vs. flux cancellation, localized coronal reconnection vs. large-scale ideal instabilities and loss of equilibria, tether-cutting vs. breakout reconnection, and so on. The competition between all these approaches has led to a tremendous drive in developing and testing all these concepts, by coupling state-of-the-art models and observations. Thanks to these developments, it now becomes possible to compare all these models with one another, and to revisit their interpretation in light of their common and their different behaviors. This approach leads me to argue that no more than two distinct physical mechanisms can actually initiate and drive prominence eruptions: the magnetic breakout and the torus instability. In this view, all other processes (including flux emergence, flux cancellation, flare reconnection and long-range couplings) should be considered as various ways that lead to, or than strengthen, one of the aforementioned driving mechanisms.

Coronal Mass Ejections: Models and Their Observational Basis

Peng-Fei Chen
Living Rev. Solar Phys., 8, (2011), 1, File            Review
http://solarphysics.livingreviews.org/Articles/lrsp-2011-1/ - best files and two movies

Coronal mass ejections (CMEs) are the largest-scale eruptive phenomenon in the solar

system, expanding from active region-sized nonpotential magnetic structure to a much larger

size. The bulk of plasma with a mass of ∼ 1011 – 1013 kg is hauled up all the way out to the

interplanetary space with a typical velocity of several hundred or even more than 1000 km s–1,

with a chance to impact our Earth, resulting in hazardous space weather conditions. They

involve many other much smaller-sized solar eruptive phenomena, such as X-ray sigmoids,

filament/prominence eruptions, solar flares, plasma heating and radiation, particle acceleration,

EIT waves, EUV dimmings, Moreton waves, solar radio bursts, and so on. It is believed

that, by shedding the accumulating magnetic energy and helicity, they complete the last link

in the chain of the cycling of the solar magnetic field. In this review, I try to explicate our

understanding on each stage of the fantastic phenomenon, including their pre-eruption structure,

their triggering mechanisms and the precursors indicating the initiation process, their

acceleration and propagation. Particular attention is paid to clarify some hot debates, e.g.,

whether magnetic reconnection is necessary for the eruption, whether there are two types of

CMEs, how the CME frontal loop is formed, and whether halo CMEs are special.

Magnetic Flux of EUV Arcade and Dimming Regions as a Relevant Parameter for Early Diagnostics of Solar Eruptions – Sources of Non-recurrent Geomagnetic Storms and Forbush Decreases

I. M. Chertok, V. V. Grechnev, A. V. Belov, A. A. Abunin
Solar Physics, January 2013, Volume 282, Issue 1, pp 175-199  

This study aims at the early diagnostics of the geoeffectiveness of coronal mass ejections (CMEs) from quantitative parameters of the accompanying EUV dimming and arcade events. We study events of the 23th solar cycle, in which major non-recurrent geomagnetic storms (GMS) with Dst<−100 nT are sufficiently reliably identified with their solar sources in the central part of the disk. Using the SOHO/EIT 195 Å images and MDI magnetograms, we select significant dimming and arcade areas and calculate summarized unsigned magnetic fluxes in these regions at the photospheric level. The high relevance of this eruption parameter is displayed by its pronounced correlation with the Forbush decrease (FD) magnitude, which, unlike GMSs, does not depend on the sign of the B z  component but is determined by global characteristics of ICMEs. Correlations with the same magnetic flux in the solar source region are found for the GMS intensity (at the first step, without taking into account factors determining the B z  component near the Earth), as well as for the temporal intervals between the solar eruptions and the GMS onset and peak times. The larger the magnetic flux, the stronger the FD and GMS intensities are and the shorter the ICME transit time is. The revealed correlations indicate that the main quantitative characteristics of major non-recurrent space weather disturbances are largely determined by measurable parameters of solar eruptions, in particular, by the magnetic flux in dimming areas and arcades, and can be tentatively estimated in advance with a lead time from 1 to 4 days. For GMS intensity, the revealed dependencies allow one to estimate a possible value, which can be expected if the B z  component is negative.

Quantitative Comparison of Methods for Predicting the Arrival of Coronal Mass Ejections at Earth based on multi-view imaging†

R. C. Colaninno*, A. Vourlidas, C. C. Wu

Journal of Geophysical Research: Space Physics, Nov 2013; File

http://arxiv.org/pdf/1310.6680v2.pdf
[1] We investigate the performance of six methods for predicting the coronal mass ejection (CME) time of arrival (ToA) and velocity at Earth using a sample of nine Earth-impacting CMEs between March 2010 and June 2011. The CMEs were tracked continuously from the Sun to near Earth in multi-viewpoint imaging data from STEREO SECCHI and SOHO LASCO. We use the Graduate Cylindrical Shell (GCS) model to estimate the three-dimensional direction and height of the CMEs in every image out to ~200 Rʘ. We fit the derived three-dimensional (deprojected) height and time (HT) data with six different methods to extrapolate the CME ToA and velocity at Earth. We compare the fitting results with the in situ data from the Wind spacecraft. We find that a simple linear fit above a height of 50Rʘ gives the ToA with an error ±6 hours for seven (78%) of the CMEs. For the full sample, we are able to predict the ToA to within ±13 hours. These results are a half day improvement over past CME arrival time methods that only used SOHO LASCO data. We conclude that heliographic height-time measurements of the CME front made away from the Sun-Earth line and beyond the coronagraphic field of view are sufficient for reasonably accurate predictions of their ToA.

Interaction of ICMEs with the Solar Wind    (a review)
Demoulin P.
E-print, Sept 2009, SW12 proceedings; File
Interplanetary Coronal Mass Ejections (ICMEs) are formed of plasma and magnetic ﬁeld launched from the Sun into the Solar Wind (SW). These coherent magnetic structures, frequently formed by a ﬂux rope, interact strongly with the SW. Such interaction is reviewed by comparing the results obtained from in situ observations and with numerical simulations. Like fast ships in the ocean, fast ICMEs drive an extended shock in front. However, their interaction with the SW is much more complex than that of the ship analogy. For example, as they expand in all directions while traveling away from the Sun, a sheath of SW plasma and magnetic ﬁeld accumulates in front, which partially reconnects with the ICME magnetic ﬁeld. Furthermore, not only ICMEs have a profound impact on the heliosphere, but the type of SW encountered by an ICME has an important impact on its evolution (e.g. increase of mass, global deceleration, lost of magnetic ﬂux and helicity, distortion of the conﬁguration). 

Observations of CMEs and Models of the Eruptive Corona   Review
N. Gopalswamy
E-print, Jan 2013, File; Solar wind 13
http://arxiv.org/pdf/0903.2776.pdf?origin=publication_detail
Current theoretical ideas on the internal structure of CMEs suggest that a flux rope is central to the CME structure, which has considerable observational support both from remote-sensing and in-situ observations. The flux-rope nature is also consistent with the post-eruption arcades with high-temperature plasma and the charge states observed within CMEs arriving at Earth. The model involving magnetic loop expansion to explain CMEs without flux ropes is not viable because it contradicts CME kinematics and flare properties near the Sun. The global picture of CMEs becomes complete if one includes the shock sheath to the CSHKP model.

Вместо STEREO
Earth-Affecting Solar Causes Observatory (EASCO): A Potential International Living with a Star Mission from Sun-Earth L5*

N. Gopalswamy1, J. Davila1, O. C. St. Cyr1, E. Sittler1, F. Auchère2, T. Duvall1, T. Hoeksema3, M. Maksimovic4, R. MacDowall1, A. Szabo1, and M. Collier1

JASTP, 2011, File in press.
This paper describes the scientific rationale for an L5 mission and a partial list of key scientific

instruments the mission should carry. The L5 vantage point provides an unprecedented view of the

solar disturbances and their solar sources that can greatly advance the science behind space weather. A

coronagraph and a heliospheric imager at L5 will be able to view CMEs broadsided, so space speed of

the Earth‐directed CMEs can be measured accurately and their radial structure discerned. In addition, an

inner coronal imager and a magnetograph from L5 can give advance information on active regions and

coronal holes that will soon rotate on to the solar disk. Radio remote sensing at low frequencies can

provide information on shock‐driving CMEs, the most dangerous of all CMEs. Coordinated helioseismic

measurements from the Sun‐Earth line and L5 provide information on the physical conditions at the

base of the convection zone, where solar magnetism originates. Finally, in situ measurements at L5 can

provide information on the large‐scale solar wind structures (corotating interaction regions (CIRs))

heading towards Earth that potentially result in adverse space weather.

Coronal Mass Ejections: a Summary of Recent Results 

N. Gopalswamy, nat.gopalswamy @nasa.gov 

Proceedings of the 20th Slovak National Solar Physics Workshop, ed. I. Dorotovic, Slovak Central Observatory, pp. 108 - 130, 2010, File              A review
Coronal mass ejections (CMEs) have been recognized as the most energetic phenomenon in the heliosphere, deriving their energy from the stressed magnetic fields on the Sun. This paper summarizes the properties of CMEs and highlights some of the recent results on CMEs. In particular, the morphological, physical, and kinematic properties of CMEs are summarized. The CME consequences in the heliosphere such as interplanetary shocks, type II radio bursts, energetic particles, geomagnetic storms, and cosmic ray modulation are discussed. 

Responsibility of a Filament Eruption for the Initiation of a Flare, CME, and Blast Wave, and its Possible Transformation into a Bow Shock

V.V. Grechnev1 . A.M. Uralov1 .I.V. Kuzmenko2 . A.A. Kochanov1 .I.M. Chertok3 . S.S. Kalashnikov1
Solar Phys., 2014, submitted 

Multi-spectral observations of two filament eruptions on 24 February and 11 May 2011 suggest the following updated scenario of an eruptive flare and the development of a CME and shock wave. An initial destabilization of a filament results in stretching out of magnetic threads belonging to its body and rooted in the photosphere along the inversion line. Their reconnection leads to i)~heating of parts of the filament or its environment, ii)~initial development of the flare arcade cusp and ribbons, and iii)~increasing similarity of the filament to a curved flux rope and its acceleration. Then the pre-eruption arcade embracing the filament gets involved into reconnection according to the standard model and continues to form the flare arcade and ribbons. The poloidal magnetic flux in the curved rope developing from the filament progressively increases and forces its toroidal expansion. This flux rope impulsively expands and produces an MHD disturbance, which rapidly steepens into a shock. It passes through the arcade expanding above the filament and then freely propagates ahead of the CME like a decelerating blast wave for some time. If the CME is slow, then the shock eventually decays. Otherwise, the heading part of the shock changes to the bow-shock regime. This was observed for the first time in the 24 February event. When reconnection ceases, the flux rope relaxes and constitutes the CME core--cavity system. The expanding arcade develops into the CME frontal structure. Reconnection in the current sheet of a remote streamer forced by its crossings by the shock produces a flare-like process running along it responsible for a type II burst. The development of dimming and different associated phenomena are discussed.

Coronal mass ejection: key issues                           Review
Richard Harrison
Proceedings of the International Astronomical Union (2008), N. Gopalswamy & D.F. Webb, eds , .
4: 191-200, 2009, File

Coronal Mass Ejections (CMEs) have been addressed by a particularly active research community in recent years. With the advent of the International Heliophysical Year and the new STEREO and Hinode missions, in addition to the on-going SOHO mission, CME research has taken centre stage in a renewed international effort. This review aims to touch on some key observational areas, and their interpretation. First, we consider coronal dimming, which has become synonymous with CME onsets, and stress that recent advances have heralded a move from a perceived association between the two phenomena to a firm, well-defined physical link. What this means for our understanding of CME modeling is discussed. Second, with the new STEREO observations, and noting the on-going SMEI observations, it is important to review the opening field of CME studies in the heliosphere. Finally, we discuss some specific points with regard to EIT-waves and the flare-CME relationship. In the opinion of the author, these issues cover key hot topics which need consideration for significant progress in the field.

4pi Models of CMEs and ICMEs         A Review
Jens Kleimann
E-print, 11 Apr 2012;  Solar Phys., November 2012, Volume 281, Issue 1, pp 353-367; File
Coronal mass ejections (CMEs), which dynamically connect the solar surface to the far reaches of interplanetary space, represent a major anifestation of solar activity. They are not only of principal interest but also play a pivotal role in the context of space weather predictions. The steady improvement of both numerical methods and computational resources during recent years has allowed for the creation of increasingly realistic models of interplanetary CMEs (ICMEs), which can now be compared to high-quality observational data from various space-bound missions. This review discusses existing models of CMEs, characterizing them by scientific aim and scope, CME initiation method, and physical effects included, thereby stressing the importance of fully 3-D ('4pi') spatial coverage.

Вместо SDO
Solar Eruptive Events (SEE) 2020 Mission Concept                          Review
R. P. Lin, A. Caspi, S. Krucker, H. Hudson, G. Hurford, S. Bandler, S. Christe, J. Davila, B. Dennis, G. Holman, R. Milligan, A. Y. Shih, S. Kahler, E. Kontar, M. Wiedenbeck, J. Cirtain, G. Doschek, G. H. Share, A. Vourlidas, J. Raymond, D. M. Smith, M. McConnell, G. Emslie 
eprint arXiv:1311.5243, 2013
http://arxiv.org/pdf/1311.5243v1.pdf
Major solar eruptive events (SEEs), consisting of both a large flare and a near simultaneous large fast coronal mass ejection (CME), are the most powerful explosions and also the most powerful and energetic particle accelerators in the solar system, producing solar energetic particles (SEPs) up to tens of GeV for ions and hundreds of MeV for electrons. The intense fluxes of escaping SEPs are a major hazard for humans in space and for spacecraft. Furthermore, the solar plasma ejected at high speed in the fast CME completely restructures the interplanetary medium (IPM) - major SEEs therefore produce the most extreme space weather in geospace, the interplanetary medium, and at other planets. Thus, understanding the flare/CME energy release process(es) and the related particle acceleration processes are major goals in Heliophysics. To make the next major breakthroughs, we propose a new mission concept, SEE 2020, a single spacecraft with a complement of advanced new instruments that focus directly on the coronal energy release and particle acceleration sites, and provide the detailed diagnostics of the magnetic fields, plasmas, mass motions, and energetic particles required to understand the fundamental physical processes involved. 23 July 2002,
The Solar Corona: What Are The Remaining Fundamental Physical Questions?  

(Invited Review)
Petrus C. Martens
Proceedings of the International Symposium on Solar-Terrestrial Physics, November 2012, Pune, India

Bull. Astron. Soc. India, 2013-2014,  in press. 

http://solar.physics.montana.edu/martens/papers/martens-draft3.pdf; File
The two key unresolved physical questions in our knowledge of the solar corona are: (1) How is the corona heated to a temperature of several MK, and, directly related to that, why is the coronal emission structured in nearly constant cross-section loops? And, (2) what is the mechanism that determines the onset of solar flares and eruptions, and, again directly related, can flares be predicted? I will introduce these questions, discuss some proposed solutions that are not complete, and my view on getting to the full solutions. 

Initiation of CMEs: A review 

Nishant Mittal, UditNarain 

Journal of Atmospheric and Solar-Terrestrial Physics72(2010)643–652; File
Solar coronal mass ejections (CMEs)  are a striking manifestation of solar activity seen in the solar corona,which bring out coronal plasma as well as magnetic flux into the interplanetary space and may cause strong interplanetary disturbances and geomagnetic storms .Understanding the  initiation of CMEs and forecasting them are an important topic in both solar physics and geophysics. In this paper, we review recent progresses in research on the initiation of CMEs. Several initiation mechanisms and models are discussed. No single model/simulationis able to explain all the observations available to date, even for a single event. 

Radio Emission of Flares and Coronal Mass Ejections

Invited Review
A. Nindos · H. Aurass · K.-L. Klein · G. Trottet

Solar Phys., 253: 3–41, 2008, DOI 10.1007/s11207-008-9258-9, File
We review recent progress on our understanding of radio emission from solar flares and coronal mass ejections (CMEs) with emphasis on those aspects of the subject that help us address questions about energy release and its properties, the configuration of flare –CME source regions, coronal shocks, particle acceleration and transport, and the origin of solar energetic particle (SEP) events. Radio emission from electron beams can provide information about the electron acceleration process, the location of injection of electrons in the corona, and the properties of the ambient coronal structures. Mildly relativistic electrons gyrating in the magnetic fields of flaring loops produce radio emission via the gyrosynchrotron mechanism, which provides constraints on the magnetic field and the properties of energetic electrons. CME detection at radio wavelengths tracks the eruption from its early phase and reveals the participation of a multitude of loops of widely differing scale. Both flares and CMEs can ignite shock waves and radio observations offer the most robust tool to study them. The incorporation of radio data into the study of SEP events reveals that a clear-cut distinction between flare-related and CME-related SEP events is difficult to establish.
CME development in the corona and interplanetary medium: A multi-wavelength approach 

M. Pick, B. Kliem

EAS Publications Ser. 55, 299, 2012, File 
http://arxiv.org/pdf/1407.2271v1.pdf 
This review focuses on the so called three-part CMEs which essentially represent the standard picture of a CME eruption. It is shown how the multi-wavelength observations obtained in the last decade, especially those with high cadence, have validated the early models and contributed to their evolution. These observations cover a broad spectral range including the EUV, white-light, and radio domains.
Relating white light and in situ observations of coronal mass ejections: A review 

A.P. Rouillard
Journal of Atmospheric and Solar-Terrestrial Physics, Volume 73, Issue 10, 2011, Pages 1201-1213, File
This paper provides a short review of some of the basic concepts related to the observations of coronal mass ejections (CMEs) in white light images and at large distances from the Sun. We review the various ideas which have been put forward to explain the dramatic changes in CME appearance in white light images from the Sun to 1 AU, focusing on results obtained by comparing white light observations of CMEs to the in situ measurements of Interplanetary CMEs (or ICMEs). We start with a list of definitions for the various in situ structures that form an ICME. A few representative examples of the formation of sheath regions and other interaction regions as well as the expansion of magnetic flux ropes are used to illustrate the basic phenomena which induce significant brightness variations during a CME's propagation to 1 AU and beyond. The white light signatures of a number of CMEs observed by the coronagraphs have been successfully simulated numerically by assuming that most of the coronal plasma observed in white light images is located on the surface of a croissant-shaped structure reminiscent of a magnetic flux rope. At large distances from the Sun, white light imagers show that the appearance of CMEs changes dramatically due to the changing position of the CME relative to the Thomson sphere, the expansion of the ejecta and the interaction of the ejecta with the ambient solar wind.

Research Highlights

► Review of white light observations made by STEREO. ► Direct links between white light observations of CMEs and in situ measurements of magnetic flux ropes near 1 AU. ► Discussion of the various types of ejecta observed simultaneously in white light an in situ.

On three-dimensional aspects of CMEs, their source regions and interplanetary manifestations: Introduction to special issue            Review
Nandita Srivastavaa, , , Marilena Mierlab, c, d and Luciano Rodrigueze

Journal of Atmospheric and Solar-Terrestrial Physics, Volume 73, Issue 10, 20 June 2011, Pages 1077-1081

Article Outline

1. Introduction

1.1. CMEs source regions: 3D observations and models

1.2. CMEs: 3D observations and models

1.3. Interplanetary CMEs: 3D observations and models

Вместо STEREO
A Space Weather Mission Concept: Observatories of the Solar Corona and Active Regions (OSCAR)

Antoine Strugarek, Nils Janitzek, Arrow Lee, Philipp Löschl, Bernhard Seifert, Sanni Hoilijoki, Emil Kraaikamp, Alankrita Isha Mrigakshi, Thomas Philippe, Sheila Spina, Malte Bröse, Sonny Massahi, Liam O'Halloran, Victor Pereira Blanco, Christoffer Stausland, Philippe Escoubet, Günter Kargl

Space Weather and Space Climate,   2014; 

http://arxiv.org/pdf/1409.0458v1.pdf  , File
Coronal Mass Ejections (CMEs) and Corotating Interaction Regions (CIRs) are major sources of magnetic storms on Earth and are therefore considered to be the most dangerous space weather events. The Observatories of Solar Corona and Active Regions (OSCAR) mission is designed to identify the 3D structure of coronal loops and to study the trigger mechanisms of CMEs in solar Active Regions (ARs) as well as their evolution and propagation processes in the inner heliosphere. It also aims to provide monitoring and forecasting of geo-effective CMEs and CIRs. OSCAR would contribute to significant advancements in the field of solar physics, improvements of the current CME prediction models, and provide data for reliable space weather forecasting. These objectives are achieved by utilising two spacecraft with identical instrumentation, located at a heliocentric orbital distance of 1~AU from the Sun. The spacecraft will be separated by an angle of 68∘ to provide optimum stereoscopic view of the solar corona. We study the feasibility of such a mission and propose a preliminary design for OSCAR.
CME reconstruction: Pre-STEREO and STEREO era 

A. Thernisiena, , , , A. Vourlidasb,  and R.A. Howardb,

Journal of Atmospheric and Solar-Terrestrial Physics, Volume 73, Issue 10, 2011, Pages 1156-1165

Since the first observations of coronal mass ejections (CMEs) in 1970s, their three-dimensional (3D) morphology has been a key ingredient for understanding their origin and evolution. The determination of their 3D structure using a single viewpoint, however posed a challenge because only their 2D projection on the sky plane is observed. The operation of the STEREO mission with its unique capability of imaging the inner heliosphere from two viewpoints has greatly improved this situation. It is therefore timely to review the pre-STEREO efforts in 3D CME reconstruction and compare them with the first STEREO results in this area. Our paper focuses on the techniques relevant to the CME morphology: forward modeling, polarimetric, spectroscopic, direct inversion. We also discuss the limitations and considerations involved in each technique.

Research Highlights

►Review of CME reconstruction techniques: forward modeling, polarization, spectroscopic and tomographic. ►STEREO data confirmed that most of the CMEs could be modeled using hollow croissant type morphology. ►Reconstruction of the fine details of the CME morphology are not yet achieved. ►Future study should strive to combine different techniques and merge data from different sensors.

Modelling CMEs Close to the Sun
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It is now widely accepted that large-scale solar eruptive phenomena like flares, eruptive prominences or filaments, and coronal mass ejections (CMEs) are magnetically driven. They are different observational manifestations of a more general process, namely a large-scale disruption of the coronal magnetic field ("solar eruption" in the following). It is also widely accepted that the energy necessary to drive solar eruptions is stored in the low corona, in form of sheared and twisted magnetic fields which are held in equilibrium prior to eruption by the ambient coronal field. An eruption occurs if this equilibrium is driven or perturbed such that it becomes unstable. In spite of this general understanding, the detailed processes which initiate and drive solar eruptions are not yet well understood. Several mechanisms have been proposed in the last decades. In recent years, the availability of 3D MHD simulations has helped to test the models and has greatly increased our understanding of these processes. In this talk, I will review current theoretical models and corresponding numerical simulations of solar eruptions. I will outline their differences and similarities and briefly discuss how current and future observations can help us to constrain the models. The simulation results indicate a flux rope instability or loss of equilibrium to be the canonical driving mechanism of solar eruptions in their fast acceleration phase close to the Sun, and they point towards a relatively large variety of possible mechanisms that initiate that phase. As an example for such an initiation mechanism, I will present new simulations which show how the eruption of a pre-existing 3D coronal flux rope can be triggered by magnetic flux emergence.
Why are CMEs large-scale coronal events: nature or nurture?
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The apparent contradiction between small-scale source regions of, and large-scale coronal response to, coronal

mass ejections (CMEs) has been a long-standing puzzle. For some, CMEs are considered to be inherently large-scale

events - eruptions in which a number of flux systems participate in an unspecified manner, while others consider magnetic reconnection in special global topologies to be responsible for the large-scale response of the lower corona to CME events. Some of these ideas may indeed be correct in specific cases. However, what is the key element which makes CMEs large-scale? Observations show that the extent of the coronal disturbance matches the angular width of the CME – an important clue, which does not feature strongly in any of the above suggestions. We review observational evidence for the large-scale nature of CME source regions and find them lacking. Then we compare different ideas regarding how CMEs evolve to become large-scale. The large-scale magnetic topology plays an important role in this process. There is amounting evidence, however, that the key process is magnetic reconnection between the CME and other magnetic structures. We outline a CME evolution model, which is able to account for all the key observational signatures of large-scale CMEs and presents a clear picture how large portions, of the Sun become constituents of the CME. In this model reconnection is driven by the expansion of the CME core resulting from an over-pressure relative to the pressure in the CME’s surroundings. This implies that the extent of the lower coronal signatures match the final angular width of the CME.

How Many CMEs Have Flux Ropes? Deciphering the Signatures of Shocks, Flux Ropes, and Prominences in Coronagraph Observations of CMEs                  Review
A. Vourlidas, B.J. Lynch, R.A. Howard, Y. Li
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We intend to provide a comprehensive answer to the question on whether all Coronal Mass Ejections (CMEs) have flux rope structure. To achieve this, we present a synthesis of the LASCO CME observations over the last sixteen years, assisted by 3D MHD simulations of the breakout model, EUV and coronagraphic observations from extsl{STEREO} and extsl{SDO}, and statistics from a revised LASCO CME database. We argue that the bright loop often seen as the CME leading edge is the result of pileup at the boundary of the erupting flux rope irrespective of whether a cavity or, more generally, a 3-part CME can be identified. Based on our previous work on white light shock detection and supported by the MHD simulations, we identify a new type of morphology, the `two-front' morphology. It consists of a faint front followed by diffuse emission and the bright loop-like CME leading edge. We show that the faint front is caused by density compression at a wave (or possibly shock) front driven by the CME. We also present high-detailed multi-wavelength EUV observations that clarify the relative positioning of the prominence at the bottom of a coronal cavity with clear flux rope structure. Finally, we visually check the full LASCO CME database for flux rope structures. In the process, we classify the events into two clear flux rope classes (`3-part', `Loop'), jets and outflows (no clear structure). We find that at least 40\% of the observed CMEs have clear flux rope structures and that sim29\% of the database entries are either misidentifications or inadequately measured and should be discarded from statistical analyses. We propose a new definition for flux rope CMEs (FR-CMEs) as a coherent magnetic, twist-carrying coronal structure with angular width of at least 40° and able to reach beyond 10 Rodot which erupts on a time scale of a few minutes to several hours We conclude that flux ropes are a common occurrence in CMEs and pose a challenge for future studies to identify CMEs that are clearly extsl{not/} FR-CMEs.

Origin of Coronal Shock Waves
Invited Review
Bojan Vršnak · Edward W. Cliver
Solar Phys, 253: 215–235, 2008, DOI 10.1007/s11207-008-9241-5; File
The basic idea of the paper is to present transparently and confront two different views on the origin of large-scale coronal shock waves, one favoring coronal mass ejections (CMEs), and the other one preferring flares. For this purpose, we first review the empirical aspects of the relationship between CMEs, flares, and shocks (as manifested by radio type II bursts andMoreton waves). Then, various physical mechanisms capable of launching MHD shocks are presented. In particular, we describe the shock wave formation caused by a three-dimensional piston, driven either by the CME expansion or by a flare-associated pressure pulse. Bearing in mind this theoretical framework, the observational characteristics of CMEs and flares are revisited to specify advantages and drawbacks of the two shock formation scenarios. Finally, we emphasize the need to document clear examples of flare-ignited large-scale waves to give insight on the relative importance of flare and CME generation mechanisms for type II bursts/Moreton waves.
Coronal Mass Ejections: Observations          A  Review
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 Solar eruptive phenomena embrace a variety of eruptions, including flares, solar energetic particles, and radio bursts. Since the vast majority of these are associated with the eruption, development, and evolution of coronal mass ejections (CMEs), we focus on CME observations in this review. CMEs are a key aspect of coronal and interplanetary dynamics. They inject large quantities of mass and magnetic flux into the heliosphere, causing major transient disturbances. CMEs can drive interplanetary shocks, a key source of solar energetic particles and are known to be the major contributor to severe space weather at the Earth. Studies over the past decade using the data sets from (among others) the SOHO, TRACE, Wind, ACE, STEREO, and SDO spacecraft, along with ground-based instruments, have improved our knowledge of the origins and development of CMEs at the Sun and how they contribute to space weather at Earth. SOHO, launched in 1995, has provided us with almost continuous coverage of the solar corona over more than a complete solar cycle, and the heliospheric imagers SMEI (2003–2011) and the HIs (operating since early 2007) have provided us with the capability to image and track CMEs continually across the inner heliosphere. We review some key coronal properties of CMEs, their source regions and their propagation through the solar wind. The LASCO coronagraphs routinely observe CMEs launched along the Sun-Earth line as halo-like brightenings. STEREO also permits observing Earth-directed CMEs from three different viewpoints of increasing azimuthal separation, thereby enabling the estimation of their three-dimensional properties. These are important not only for space weather prediction purposes, but also for understanding the development and internal structure of CMEs since we view their source regions on the solar disk and can measure their in-situ characteristics along their axes. Included in our discussion of the recent developments in CME-related phenomena are the latest developments from the STEREO and LASCO coronagraphs and the SMEI and HI heliospheric imagers.

Solar activity and its evolution across the corona: recent advances    Review 

Francesca Zuccarello, Laura Balmaceda, Gael Cessateur, Hebe Cremades, Salvatore L. Guglielmino, Jean Lilensten, Thierry Dudok de Wit, Matthieu Kretzschmar, Fernando M. Lopez, Marilena Mierla, et al. (8 more)
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Solar magnetism is responsible for the several active phenomena that occur in the solar atmosphere. The consequences of these phenomena on the solar-terrestrial environment and on Space Weather are nowadays clearly recognized, even if not yet fully understood. In order to shed light on the mechanisms that are at the basis of the Space Weather, it is necessary to investigate the sequence of phenomena starting in the solar atmosphere and developing across the outer layers of the Sun and along the path from the Sun to the Earth. This goal can be reached by a combined multi-disciplinary, multi-instrument, multi-wavelength study of these phenomena, starting with the very first manifestation of solar active region formation and evolution, followed by explosive phenomena (i.e., flares, erupting prominences, coronal mass ejections), and ending with the interaction of plasma magnetized clouds expelled from the Sun with the interplanetary magnetic field and medium. This wide field of research constitutes one of the main aims of COST Action ES0803: Developing Space Weather products and services in Europe. In particular, one of the tasks of this COST

Action was to investigate the Progress in Scientific Understanding of Space Weather. In this paper we review the state of the art of our comprehension of some phenomena that, in the scenario outlined above, might have a role on Space Weather, focusing on the researches, thematic reviews, and main results obtained during the COST Action ES0803.
