Slow Solar Wind: Observations and Modeling                     Review
L. Abbo, L. Ofman , S. K. Antiochos, V. H. Hansteen, L. Harra, Y.-K. Ko, G. Lapenta, B. Li, 

P. Riley and 3 more

Space Sci. Rev.   Volume 201, Issue 1, pp 55–108     2016
While it is certain that the fast solar wind originates from coronal holes, where and how the slow solar wind (SSW) is formed remains an outstanding question in solar physics even in the post-SOHO era. The quest for the SSW origin forms a major objective for the planned future missions such as the Solar Orbiter and Solar Probe Plus. Nonetheless, results from spacecraft data, combined with theoretical modeling, have helped to investigate many aspects of the SSW. Fundamental physical properties of the coronal plasma have been derived from spectroscopic and imaging remote-sensing data and in situ data, and these results have provided crucial insights for a deeper understanding of the origin and acceleration of the SSW. Advanced models of the SSW in coronal streamers and other structures have been developed using 3D MHD and multi-fluid equations.

However, the following questions remain open: What are the source regions and their contributions to the SSW? What is the role of the magnetic topology in the corona for the origin, acceleration and energy deposition of the SSW? What are the possible acceleration and heating mechanisms for the SSW? The aim of this review is to present insights on the SSW origin and formation gathered from the discussions at the International Space Science Institute (ISSI) by the Team entitled “Slow solar wind sources and acceleration mechanisms in the corona” held in Bern (Switzerland) in March 2014 and 2015.

Origin and Structures of Solar Eruptions I: Magnetic Flux Rope                (Invited Review)
Cheng, Xin; Guo, Yang; Ding, MingDe
Science China Earth Sciences, Volume 60, p. 1383-1407, 2017
https://link.springer.com/content/pdf/10.1007%2Fs11430-017-9074-6.pdf
https://arxiv.org/pdf/1705.08198.pdf
Coronal mass ejections (CMEs) and solar flares are the large-scale and most energetic eruptive phenomena in our solar system and able to release a large quantity of plasma and magnetic flux from the solar atmosphere into the solar wind. When these high-speed magnetized plasmas along with the energetic particles arrive at the Earth, they may interact with the magnetosphere and ionosphere, and seriously affect the safety of human high-tech activities in outer space. The travel time of a CME to 1 AU is about 1-3 days, while energetic particles from the eruptions arrive even earlier. An efficient forecast of these phenomena therefore requires a clear detection of CMEs/flares at the stage as early as possible. To estimate the possibility of an eruption leading to a CME/flare, we need to elucidate some fundamental but elusive processes including in particular the origin and structures of CMEs/flares. Understanding these processes can not only improve the prediction of the occurrence of CMEs/flares and their effects on geospace and the heliosphere but also help understand the mass ejections and flares on other solar-type stars. The main purpose of this review is to address the origin and early structures of CMEs/flares, from multi-wavelength observational perspective. First of all, we start with the ongoing debate of whether the pre-eruptive configuration, i.e., a helical magnetic flux rope (MFR), of CMEs/flares exists before the eruption and then emphatically introduce observational manifestations of the MFR. Secondly, we elaborate on the possible formation mechanisms of the MFR through distinct ways. Thirdly, we discuss the initiation of the MFR and associated dynamics during its evolution toward the CME/flare. Finally, we come to some conclusions and put forward some prospects in the future.  2011-07-03, 2012-07-07, 2012-07-14, 2013-05-22
Minimal Magnetic States of the Sun and the Solar Wind: Implications for the Origin of the Slow Solar Wind                                                                   Review
E. W. Cliver, R. von Steiger

Space Science Reviews  September 2017, Volume 210, Issue 1–4, pp 227–247

During the last decade it has been proposed that both the Sun and the solar wind have minimum magnetic states, lowest order levels of magnetism that underlie the 11-yr cycle as well as longer-term variability. Here we review the literature on basal magnetic states at the Sun and in the heliosphere and draw a connection between the two based on the recent deep 2008–2009 minimum between cycles 23 and 24. In particular, we consider the implications of the low solar activity during the recent minimum for the origin of the slow solar wind.
Origins of the Ambient Solar Wind: Implications for Space Weather    Review
Steven R. Cranmer (CU Boulder), Sarah E. Gibson (HAO), Pete Riley (PSI)

Space Science Reviews. Special issue connected with a 2016 ISSI workshop on "The Scientific Foundations of Space Weather." 2017
https://arxiv.org/pdf/1708.07169.pdf
The Sun's outer atmosphere is heated to temperatures of millions of degrees, and solar plasma flows out into interplanetary space at supersonic speeds. This paper reviews our current understanding of these interrelated problems: coronal heating and the acceleration of the ambient solar wind. We also discuss where the community stands in its ability to forecast how variations in the solar wind (i.e., fast and slow wind streams) impact the Earth. Although the last few decades have seen significant progress in observations and modeling, we still do not have a complete understanding of the relevant physical processes, nor do we have a quantitatively precise census of which coronal structures contribute to specific types of solar wind. Fast streams are known to be connected to the central regions of large coronal holes. Slow streams, however, appear to come from a wide range of sources, including streamers, pseudostreamers, coronal loops, active regions, and coronal hole boundaries. Complicating our understanding even more is the fact that processes such as turbulence, stream-stream interactions, and Coulomb collisions can make it difficult to unambiguously map a parcel measured at 1 AU back down to its coronal source. We also review recent progress -- in theoretical modeling, observational data analysis, and forecasting techniques that sit at the interface between data and theory -- that gives us hope that the above problems are indeed solvable.

Statistics of coronal dimmings associated with coronal mass ejections. 
II. Relationship between coronal dimmings and their associated CMEs

Karin Dissauer, Astrid M. Veronig, Manuela Temmer, Tatiana Podladchikova
ApJ                       2018
https://arxiv.org/pdf/1810.01589.pdf
We present a statistical study of 62 coronal dimming events associated with Earth-directed CMEs during the quasi-quadrature period of STEREO and SDO. This unique setting allows us to study both phenomena in great detail and compare characteristic quantities statistically. Coronal dimmings are observed on-disk by SDO/AIA and HMI, while the CME kinematics during the impulsive acceleration phase is studied close to the limb with STEREO/EUVI and COR, minimizing projection effects. The dimming area, its total unsigned magnetic flux and its total brightness, reflecting properties of the total dimming region at its final extent, show the highest correlations with the CME mass (c∼0.6−0.7). Their corresponding time derivatives, describing the dynamics of the dimming evolution, show the strongest correlations with the CME peak velocity (c∼0.6). The highest correlation of c=0.68±0.08 is found with the mean intensity of dimmings, indicating that the lower the CME starts in the corona, the faster it propagates. No significant correlation between dimming parameters and the CME acceleration was found. However, for events where high-cadence STEREO observations were available, the mean unsigned magnetic field density in the dimming regions tends to be positively correlated with the CME peak acceleration (c=0.42±0.20). This suggests that stronger magnetic fields result in higher Lorentz forces providing stronger driving force for the CME acceleration. Specific coronal dimming parameters correlate with both, CME and flare quantities providing further evidence for the flare-CME feedback relationship. For events in which the CME occurs together with a flare, coronal dimmings statistically reflect the properties of both phenomena. 2011 February 13,  2011-06-02, 2011 October 2, 2012-06-14, 2012-09-28

The Scientific Foundations of Forecasting Magnetospheric Space Weather          Review
J. P. Eastwood, R. Nakamura, L. Turc, L. Mejnertsen, M. Hesse

Space Science Reviews            2017
https://link.springer.com/content/pdf/10.1007%2Fs11214-017-0399-8.pdf
The magnetosphere is the lens through which solar space weather phenomena are focused and directed towards the Earth. In particular, the non-linear interaction of the solar wind with the Earth’s magnetic field leads to the formation of highly inhomogenous electrical currents in the ionosphere which can ultimately result in damage to and problems with the operation of power distribution networks. Since electric power is the fundamental cornerstone of modern life, the interruption of power is the primary pathway by which space weather has impact on human activity and technology. Consequently, in the context of space weather, it is the ability to predict geomagnetic activity that is of key importance. This is usually stated in terms of geomagnetic storms, but we argue that in fact it is the substorm phenomenon which contains the crucial physics, and therefore prediction of substorm occurrence, severity and duration, either within the context of a longer-lasting geomagnetic storm, but potentially also as an isolated event, is of critical importance. Here we review the physics of the magnetosphere in the frame of space weather forecasting, focusing on recent results, current understanding, and an assessment of probable future developments.  20-30 Oct 2001
Extended MHD modeling of the steady solar corona and the solar wind        Review
Tamas I. Gombosi, Bart van der Holst, Ward B. Manchester, Igor V. Sokolov

Living Reviews in Solar Physics  December 2018, 15:4

https://link.springer.com/content/pdf/10.1007%2Fs41116-018-0014-4.pdf
https://arxiv.org/pdf/1807.00417.pdf
The history and present state of large-scale magnetohydrodynamic modeling of the solar corona and the solar wind with steady or quasi-steady coronal physics is reviewed. We put the evolution of ideas leading to the recognition of the existence of an expanding solar atmosphere into historical context. The development and main features of the first generation of global corona and solar wind models are described in detail. This historical perspective is also applied to the present suite of global corona and solar wind models. We discuss the evolution of new ideas and their implementation into numerical simulation codes. We point out the scientific and computational challenges facing these models and discuss the ways various groups tried to overcome these challenges. Next, we discuss the latest, state-of-the art models and point to the expected next steps in modeling the corona and the interplanetary medium. 29 March 2006, 2011 March 7
Extreme Solar Eruptions and their Space Weather Consequences        Review
Nat Gopalswamy
2017, be published by Elsevier as a chapter in the book, "Extreme Events in the Geospace: Origins, Predictability and Consequences", Ed. Natalia Buzulukova

https://arxiv.org/ftp/arxiv/papers/1709/1709.03165.pdf        File
Solar eruptions generally refer to coronal mass ejections (CMEs) and flares. Both are important sources of space weather. Solar flares cause sudden change in the ionization level in the ionosphere. CMEs cause solar energetic particle (SEP) events and geomagnetic storms. A flare with unusually high intensity and/or a CME with extremely high energy can be thought of examples of extreme events on the Sun. These events can also lead to extreme SEP events and/or geomagnetic storms. Ultimately, the energy that powers CMEs and flares are stored in magnetic regions on the Sun, known as active regions. Active regions with extraordinary size and magnetic field have the potential to produce extreme events. Based on current data sets, we estimate the sizes of one-in-hundred and one-in-thousand year events as an indicator of the extremeness of the events. We consider both the extremeness in the source of eruptions and in the consequences. We then compare the estimated 100-year and 1000-year sizes with the sizes of historical extreme events measured or inferred.

Coronal Flux Ropes and their Interplanetary Counterparts

N. Gopalswamy, S. Akiyama, S. Yashiroa, H. Xie

J. Atmos. Solar-Terr. Phys.        2017   File
https://arxiv.org/pdf/1705.08912.pdf
 We report on a study comparing coronal flux ropes inferred from eruption data with their interplanetary counterparts constructed from in situ data. The eruption data include the source-region magnetic field, post-eruption arcades, and coronal mass ejections (CMEs). Flux ropes were fit to the interplanetary CMEs (ICMEs) considered for the 2011 and 2012 Coordinated Data Analysis Workshops (CDAWs). We computed the total reconnected flux involved in each of the associated solar eruptions and found it to be closely related to flare properties, CME kinematics, and ICME properties. By fitting flux ropes to the white-light coronagraph data, we obtained the geometric properties of the flux ropes and added magnetic properties derived from the reonnected flux. We found that the CME magnetic field in the corona is significantly higher than the ambient magnetic field at a given heliocentric distance. The radial dependence of the flux-rope magnetic field strength is faster than that of the ambient magnetic field. The magnetic field strength of the coronal flux rope is also correlated with that in interplanetary flux ropes constructed from in situ data, and with the observed peak magnetic field strength in ICMEs. The physical reason for the observed correlation between the peak field strength in MCs is the higher magnetic field content in faster coronal flux ropes and ultimately the higher reconnected flux in the eruption region. The magnetic flux ropes constructed from the eruption data and coronagraph observations provide a realistic input that can be used by various models to predict the magnetic properties of ICMEs at Earth and other destination in the heliosphere. 1999 June 24
The origin, early evolution and predictability of solar eruptions               Review

Lucie Green, Tibor Torok, Bojan Vrsnak, Ward Manchester IV, Astrid Veronig
Space Science Reviews   214:   46   2018
112. Green L.M., Torok T., Vrsnak B., Manchester W., Veronig A. // Space Sci. Rev. 2018. V. 214. P. 46. Doi: 10.1007/s11214-017-0462-5. 

Origin and Structures of Solar Eruptions II: Magnetic Modeling (Invited Review)

Yang Guo, Xin Cheng, M. D. Ding

SCIENCE CHINA Earth Sciences         Volume 60, Issue 8, pp 1408-1439           2017
https://arxiv.org/pdf/1706.05769.pdf
https://link.springer.com/content/pdf/10.1007%2Fs11430-017-9081-x.pdf
 The topology and dynamics of the three-dimensional magnetic field in the solar atmosphere govern various solar eruptive phenomena and activities, such as flares, coronal mass ejections, and filaments/prominences. We have to observe and model the vector magnetic field to understand the structures and physical mechanisms of these solar activities. Vector magnetic fields on the photosphere are routinely observed via the polarized light, and inferred with the inversion of Stokes profiles. To analyze these vector magnetic fields, we need first to remove the 180

∘ ambiguity of the transverse components and correct the projection effect. Then, the vector magnetic field can be served as the boundary conditions for a force-free field modeling after a proper preprocessing. The photospheric velocity field can also be derived from a time sequence of vector magnetic fields. Three-dimensional magnetic field could be derived and studied with theoretical force-free field models, numerical nonlinear force-free field models, magnetohydrostatic models, and magnetohydrodynamic models. Magnetic energy can be computed with three-dimensional magnetic field models or a time series of vector magnetic field. The magnetic topology is analyzed by pinpointing the positions of magnetic null points, bald patches, and quasi-separatrix layers. As a well conserved physical quantity, magnetic helicity can be computed with various methods, such as the finite volume method, discrete flux tube method, and helicity flux integration method. This quantity serves as a promising parameter characterizing the activity level of solar active regions.
The application of heliospheric imaging to space weather operations: Lessons learned from published studies                                            Review
Richard A. Harrison, Jackie A. Davies, Doug Biesecker, Mark Gibbs

Space Weather Volume 15, Issue 8  August 2017 Pages 985–1003

http://onlinelibrary.wiley.com/doi/10.1002/2017SW001633/full
http://onlinelibrary.wiley.com/doi/10.1002/2017SW001633/epdf
The field of heliospheric imaging has matured significantly over the last 10 years—corresponding, in particular, to the launch of NASA's STEREO mission and the successful operation of the heliospheric imager (HI) instruments thereon. In parallel, this decade has borne witness to a marked increase in concern over the potentially damaging effects of space weather on space and ground-based technological assets, and the corresponding potential threat to human health, such that it is now under serious consideration at governmental level in many countries worldwide. Hence, in a political climate that recognizes the pressing need for enhanced operational space weather monitoring capabilities most appropriately stationed, it is widely accepted, at the Lagrangian L1 and L5 points, it is timely to assess the value of heliospheric imaging observations in the context of space weather operations. To this end, we review a cross section of the scientific analyses that have exploited heliospheric imagery—particularly from STEREO/HI—and discuss their relevance to operational predictions of, in particular, coronal mass ejection (CME) arrival at Earth and elsewhere. We believe that the potential benefit of heliospheric images to the provision of accurate CME arrival predictions on an operational basis, although as yet not fully realized, is significant and we assert that heliospheric imagery is central to any credible space weather mission, particularly one located at a vantage point off the Sun-Earth line. 1 August 2010, 15 Feb 2011, 8 March 2012, 5 March 2013, 20-27 May 2017
Coronal mass ejections and their sheath regions in interplanetary space       Review
Emilia Kilpua, Hannu E. J. Koskinen & Tuija I. Pulkkinen

Living Reviews in Solar Physics December 2017, 14:5  File
https://link.springer.com/content/pdf/10.1007%2Fs41116-017-0009-6.pdf
Interplanetary coronal mass ejections (ICMEs) are large-scale heliospheric transients that originate from the Sun. When an ICME is sufficiently faster than the preceding solar wind, a shock wave develops ahead of the ICME. The turbulent region between the shock and the ICME is called the sheath region. ICMEs and their sheaths and shocks are all interesting structures from the fundamental plasma physics viewpoint. They are also key drivers of space weather disturbances in the heliosphere and planetary environments. ICME-driven shock waves can accelerate charged particles to high energies. Sheaths and ICMEs drive practically all intense geospace storms at the Earth, and they can also affect dramatically the planetary radiation environments and atmospheres. This review focuses on the current understanding of observational signatures and properties of ICMEs and the associated sheath regions based on five decades of studies. In addition, we discuss modelling of ICMEs and many fundamental outstanding questions on their origin, evolution and effects, largely due to the limitations of single spacecraft observations of these macro-scale structures. We also present current understanding of space weather consequences of these large-scale solar wind structures, including effects at the other Solar System planets and exoplanets. We specially emphasize the different origin, properties and consequences of the sheaths and ICMEs.  February 7, 1981 , 5 Dec 1981, 13-14 July 1982, 14 Aug 1982, February 27, 2000 ,  June 10, 2000 , 16–22 Sept 2000. , 4-5 Apr 2004,  20-21 May 2005, 27-29 Dec 2004, 14–15 December, 2006 , 28 May 2010, 15 Sept 2010, 9 july 2013, 19-20 Aug 2014
See comments of Yermolaev https://www.researchgate.net/publication/321282888_Coronal_mass_ejections_and_their_sheath_regions_in_interplanetary_space?focusedCommentId=5a26cf564cde266d58787f4c
Geoeffective Properties of Solar Transients and Stream Interaction Regions      Review
E. K. J. Kilpua, A. Balogh, R. von Steiger,Y. D. Liu

Space Science Reviews         2017
Interplanetary Coronal Mass Ejections (ICMEs), their possible shocks and sheaths, and co-rotating interaction regions (CIRs) are the primary large-scale heliospheric structures driving geospace disturbances at the Earth. CIRs are followed by a faster stream where Alfvénic fluctuations may drive prolonged high-latitude activity. In this paper we highlight that these structures have all different origins, solar wind conditions and as a consequence, different geomagnetic responses. We discuss general solar wind properties of sheaths, ICMEs (in particular those showing the flux rope signatures), CIRs and fast streams and how they affect their solar wind coupling efficiency and the resulting magnetospheric activity. We show that there are two different solar wind driving modes: (1) Sheath-like with turbulent magnetic fields, and large Alfvén Mach (MAMA) numbers and dynamic pressure, and (2) flux rope-like with smoothly varying magnetic field direction, and lower MAMA numbers and dynamic pressure. We also summarize the key properties of interplanetary shocks for space weather and how they depend on solar cycle and the driver.

Understanding the Physical Nature of Coronal "EIT Waves"          Review
David M. Long, D. Shaun Bloomfield, Peng-Fei Chen, Cooper Downs, Peter T. Gallagher, Ryun Young Kwon, Kamalam Vanninathan, Astrid M. Veronig, Angelos Vourlidas, Bojan Vrsnak, Alexander Warmuth, Tomislav Zic

Solar Phys.      2017, 292:7

 https://arxiv.org/pdf/1611.05505v1.pdf     File
https://link.springer.com/content/pdf/10.1007%2Fs11207-016-1030-y.pdf
For almost 20 years the physical nature of globally propagating waves in the solar corona (commonly called "EIT waves") has been controversial and subject to debate. Additional theories have been proposed over the years to explain observations that did not fit with the originally proposed fast-mode wave interpretation. However, the incompatibility of observations made using the Extreme-ultraviolet Imaging Telescope (EIT) onboard the Solar and Heliospheric Observatory with the fast-mode wave interpretation was challenged by differing viewpoints from the twin Solar Terrestrial Relations Observatory spacecraft and higher spatial/temporal resolution data from the Solar Dynamics Observatory. In this article, we reexamine the theories proposed to explain "EIT waves" to identify measurable properties and behaviours that can be compared to current and future observations. Most of us conclude that "EIT waves" are best described as fast-mode large-amplitude waves/shocks that are initially driven by the impulsive expansion of an erupting coronal mass ejection in the low corona.

The Interaction of Successive Coronal Mass Ejections: A Review

Noé Lugaz  Manuela Temmer   Yuming Wang   Charles J. Farrugia

Sol Phys (2017) 292: 64. doi:10.1007/s11207-017-1091-6

192. Lugaz N., Temmer M.,Wang Y., Farrugia C.J. // Solar Phys. 2017. V. 292. P. 64. Doi: 10.1007/s11207-017-1091-6. 

Assessing the Quality of Models of the Ambient Solar Wind        Review
P. MacNeice, L. K. Jian, S. K. Antiochos , C. N. Arge, C. D. Bussy‐Virat, M. L. DeRosa, B. V. Jackson , J. A. Linker, Z. Mikic , M. J. Owens, A. J. Ridley, P. Riley, N. Savani, I. Sokolov
Space Weather      2018
sci-hub.tw/10.1029/2018sw002040
In this paper we present an assessment of the status of models of the global Solar Wind in the inner heliosphere. We limit our discussion to the class of models designed to provide solar wind forecasts, excluding those designed for the purpose of testing physical processes in idealized configurations. In addition, we limit our discussion to modeling of the ‘ambient’ wind in the absence of coronal mass ejections. In this assessment we cover use of the models both in forecast mode and as tools for scientific research. We present a brief history of the development of these models, discussing the range of physical approximations in use. We discuss the limitations of the data inputs available to these models and its impact on their quality. We also discuss current model development trends.
The Physical Processes of CME/ICME Evolution             Review
Ward Manchester IV, Emilia K. J. Kilpua, Ying D. Liu, Noé Lugaz, Pete Riley, Tibor Török, Bojan Vršnak

Space Science Reviews      Volume 212, Issue 3–4, pp 1159–1219          2017
https://link.springer.com/content/pdf/10.1007%2Fs11214-017-0394-0.pdf
As observed in Thomson-scattered white light, coronal mass ejections (CMEs) are manifest as large-scale expulsions of plasma magnetically driven from the corona in the most energetic eruptions from the Sun. It remains a tantalizing mystery as to how these erupting magnetic fields evolve to form the complex structures we observe in the solar wind at Earth. Here, we strive to provide a fresh perspective on the post-eruption and interplanetary evolution of CMEs, focusing on the physical processes that define the many complex interactions of the ejected plasma with its surroundings as it departs the corona and propagates through the heliosphere. We summarize the ways CMEs and their interplanetary CMEs (ICMEs) are rotated, reconfigured, deformed, deflected, decelerated and disguised during their journey through the solar wind. This study then leads to consideration of how structures originating in coronal eruptions can be connected to their far removed interplanetary counterparts. Given that ICMEs are the drivers of most geomagnetic storms (and the sole driver of extreme storms), this work provides a guide to the processes that must be considered in making space weather forecasts from remote observations of the corona. 17-18 Apr 1999, 14 July 2000, 27 May 2002, 28 October 2003, 2 November 2008, 12 December 2008, 16 June 2010, 7 Mar 2012

Space Weather and Solar Wind Studies with OWFA                   Review
P. K. Manoharan, C. R. Subrahmanya, J. N. Chengalur

 J. Astrophysics and Astronomy                  2017
https://arxiv.org/pdf/1703.00631.pdf 
In this paper, we review the results of interplanetary scintillation (IPS) observations made with the legacy system of the Ooty Radio Telescope (ORT) and compare them with the possibilities opened by the upgraded ORT, the Ooty Wide Field Array (OWFA). The stability and the sensitivity of the legacy system of ORT allowed the regular monitoring of IPS on a grid of large number of radio sources and the results of these studies have been useful to understand the physical processes in the heliosphere and space weather events, such as coronal mass ejections, interaction regions and their propagation effects. In the case of OWFA, its wide bandwidth of 38 MHz, the large field of view of ∼27∘ and increased sensitivity provide a unique capability for the heliospheric science at 326.5 MHz. IPS observations with the OWFA would allow one to monitor more than 5000 sources per day. This, in turn, will lead to much improved studies of space weather events and solar wind plasma, overcoming the limitations faced with the legacy system. We also highlight some of the specific aspects of the OWFA, potentially relevant for the studies of coronal plasma and its turbulence characteristics.

Geoeffectiveness of interplanetary shocks controlled by impact angles: A review
D.M.Oliveira, A.A.Samsonov
Advances in Space Research Volume 61, Issue 1, 1 January 2018, Pages 1-44

https://ac.els-cdn.com/S0273117717307275/1-s2.0-S0273117717307275-main.pdf?_tid=bba606ae-de3f-11e7-b55e-00000aacb35e&acdnat=1512975277_eb1699c52c6f97d7ff8493d1fe7e47bb
The high variability of the Sun’s magnetic field is responsible for the generation of perturbations that propagate throughout the heliosphere. Such disturbances often drive interplanetary shocks in front of their leading regions. Strong shocks transfer momentum and energy into the solar wind ahead of them which in turn enhance the solar wind interaction with magnetic fields in its way. Shocks then eventually strike the Earth’s magnetosphere and trigger a myriad of geomagnetic effects observed not only by spacecraft in space, but also by magnetometers on the ground. Recently, it has been revealed that shocks can show different geoeffectiveness depending closely on the angle of impact. Generally, frontal shocks are more geoeffective than inclined shocks, even if the former are comparatively weaker than the latter. This review is focused on results obtained from modeling and experimental efforts in the last 15 years. Some theoretical and observational background are also provided. 1995-12-15,  1997-11-01, 14 July 2012, 30 January 2017

Time‐Window Approaches to Space‐Weather Forecast Metrics: A Solar Wind Case Study

Mathew J. Owens                                                                                    Review
Space Weather     2018
sci-hub.tw/10.1029/2018sw002059
Metrics are an objective, quantitative assessment of forecast (or model) agreement with observations. They are essential for assessing forecast accuracy and reliability and consequently act as a diagnostic for forecast development. Partly as a result of limited spatial sampling of observations, much of space‐weather forecasting is focused on the time domain rather than inherent spatial variability. Thus, metrics are primarily point‐by‐point approaches, in which observed conditions at time t are compared directly (and only) with the forecast conditions at time t. Such metrics are undoubtedly useful. But in lacking an explicit consideration of timing uncertainties, they have limitations as diagnostic tools and can, under certain conditions, be misleading. Using a near‐Earth solar wind speed forecast as an illustrative example, this study briefly reviews the most commonly used point‐by‐point metrics and advocates for complementary time window approaches. In particular, a scale‐selective approach, originally developed in numerical weather prediction for validation of spatially patchy rainfall forecasts, is adapted to the time domain for space‐weather purposes. This simple approach readily determines the time scales over which a forecast is and is not valuable, allowing the results of point‐by‐point metrics to be put in greater context.

Solar wind stream interaction regions throughout the heliosphere                     Review
Ian G. Richardson
Living Reviews in Solar Physics  2018, 15:1

https://link.springer.com/content/pdf/10.1007%2Fs41116-017-0011-z.pdf
This paper focuses on the interactions between the fast solar wind from coronal holes and the intervening slower solar wind, leading to the creation of stream interaction regions that corotate with the Sun and may persist for many solar rotations. Stream interaction regions have been observed near 1 AU, in the inner heliosphere (at ∼0.3∼0.3–1 AU) by the Helios spacecraft, in the outer and distant heliosphere by the Pioneer 10 and 11 and Voyager 1 and 2 spacecraft, and out of the ecliptic by Ulysses, and these observations are reviewed. Stream interaction regions accelerate energetic particles, modulate the intensity of Galactic cosmic rays and generate enhanced geomagnetic activity. The remote detection of interaction regions using interplanetary scintillation and white-light imaging, and MHD modeling of interaction regions will also be discussed.

On the Collision Nature of Two Coronal Mass Ejections: A Review
Fang Shen, Yuming Wang, Chenglong Shen, Xueshang Feng

Solar Physics  August 2017, 292:104

https://link.springer.com/content/pdf/10.1007%2Fs11207-017-1129-9.pdf
Observational and numerical studies have shown that the kinematic characteristics of two or more coronal mass ejections (CMEs) may change significantly after a CME collision. The collision of CMEs can have a different nature, i.e. inelastic, elastic, and superelastic processes, depending on their initial kinematic characteristics. In this article, we first review the existing definitions of collision types including Newton’s classical definition, the energy definition, Poisson’s definition, and Stronge’s definition, of which the first two were used in the studies of CME–CME collisions. Then, we review the recent research progresses on the nature of CME–CME collisions with the focus on which CME kinematic properties affect the collision nature. It is shown that observational analysis and numerical simulations can both yield an inelastic, perfectly inelastic, merging-like collision, or a high possibility of a superelastic collision. Meanwhile, previous studies based on a 3D collision picture suggested that a low approaching speed of two CMEs is favorable for a superelastic nature. Since CMEs are an expanding magnetized plasma structure, the CME collision process is quite complex, and we discuss this complexity. Moreover, the models used in both observational and numerical studies contain many limitations. All of the previous studies on collisions have not shown the separation of two colliding CMEs after a collision. Therefore the collision between CMEs cannot be considered as an ideal process in the context of a classical Newtonian definition. In addition, many factors are not considered in either observational analysis or numerical studies, e.g.CME-driven shocks and magnetic reconnections. Owing to the complexity of the CME collision process, a more detailed and in-depth observational analysis and simulation work are needed to fully understand the CME collision process.

Kinematical properties of coronal mass ejections                             Review
Manuela Temmer
Astronomische Nachrichten          2016   File
http://arxiv.org/pdf/1603.01398v1.pdf
Coronal mass ejections (CMEs) are the most dynamic phenomena in our solar system. They abruptly disrupt the continuous outflow of solar wind by expelling huge clouds of magnetized plasma into interplanetary space with velocities enabling to cross the Sun-Earth distance within a few days. Earth-directed CMEs may cause severe geomagnetic storms when their embedded magnetic fields and the shocks ahead compress and reconnect with the Earth's magnetic field. The transit times and impacts in detail depend on the initial CME velocity, size, and mass, as well as on the conditions and coupling processes with the ambient solar wind flow in interplanetary space. The observed CME parameters may be severly affected by projection effects and the constant changing environmental conditions are hard to derive. This makes it difficult to fully understand the physics behind CME evolution, preventing to do a reliable forecast of Earth-directed events. This short review focusing on observational data, shows recent methods which were developed to derive the CME kinematical profile for the entire Sun-Earth distance range as well as studies which were performed to shed light on the physical processes that CMEs encounter when propagating from Sun to Earth.
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A Review of Alfvénic Turbulence in High‐Speed Solar Wind Streams: Hints From Cometary Plasma Turbulence

Bruce T. Tsurutani, Gurbax S. Lakhina , Abhijit Sen , Petr Hellinger, Karl‐Heinz Glassmeier, Anthony J. Mannucci
JGR   Volume123, Issue4   Pages 2458-2492    2018
http://sci-hub.tw/10.1002/2017JA024203
Solar wind turbulence within high‐speed streams is reviewed from the point of view of embedded single nonlinear Alfvén wave cycles, discontinuities, magnetic decreases (MDs), and shocks. For comparison and guidance, cometary plasma turbulence is also briefly reviewed. It is demonstrated that cometary nonlinear magnetosonic waves phase‐steepen, with a right‐hand circular polarized foreshortened front and an elongated, compressive trailing edge. The former part is a form of “wave breaking” and the latter that of “period doubling.” Interplanetary nonlinear Alfvén waves, which are arc polarized, have a ~180° foreshortened front and with an elongated trailing edge. Alfvén waves have polarizations different from those of cometary magnetosonic waves, indicating that helicity is a durable feature of plasma turbulence. Interplanetary Alfvén waves are noted to be spherical waves, suggesting the possibility of additional local generation. They kinetically dissipate, forming MDs, indicating that the solar wind is partially “compressive” and static. The ~2 MeV protons can nonresonantly interact with MDs leading to rapid cross‐field (~5.5% Bohm) diffusion. The possibility of local (~1 AU) generation of Alfvén waves may make it difficult to forecast High‐Intensity, Long‐Duration AE Activity and relativistic magnetospheric electrons with great accuracy. The future Solar Orbiter and Solar Probe Plus missions should be able to not only test these ideas but to also extend our knowledge of plasma turbulence evolution.

Chapter 4 - Geoeffectiveness of Solar and Interplanetary Structures and Generation of Strong Geomagnetic Storms                                                                                                      Review
Yuri I.Yermolaev, Irina G.Lodkina, Nadezhda S.Nikolaeva1, Michael Yu.Yermolaev
In: Extreme Events in Geospace  Origins, Predictability, and Consequences 2018, Pages 99-113
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We study the large-scale phenomena of solar wind (SW), its source on the Sun, and its capability of generating magnetic storms on Earth. On the basis of the OMNI database, we identify the interplanetary drivers of magnetic storms as interplanetary coronal mass ejections (CMEs) (also interplanetary CMEs (ICMEs) including magnetic cloud (MC) and Ejecta), compression regions Sheath before fast ICMEs, and the co-rotating interaction region (CIR) before high-speed streams of solar wind. We approximate the tails of distribution functions of all storms and storms separately induced by four various drivers in the Dst range with large number of storms (−50 to −200 nT) and then extrapolate the approximating function in the range of extreme storms. Obtained results show that extreme storms with Dst < −1700 nT can be generated on Earth with a frequency not higher than one event during ~500 years with accuracy of this factor ~3.
Dynamics of Large-Scale Solar-Wind Streams Obtained by the Double Superposed Epoch Analysis: 3. Deflection of the Velocity Vector

Y. I. Yermolaev, I. G. Lodkina, M. Y. Yermolaev
Solar Physics   June 2018, 293:91

https://link.springer.com/content/pdf/10.1007%2Fs11207-018-1310-9.pdf
This work is a continuation of our previous articles (Yermolaev et al. in J. Geophys. Res.120, 7094, 2015 and Yermolaev et al. in Solar Phys.292, 193, 2017), which describe the average temporal profiles of interplanetary plasma and field parameters in large-scale solar-wind (SW) streams: corotating interaction regions (CIRs), interplanetary coronal mass ejections (ICMEs, including both magnetic clouds (MCs) and ejecta), and sheaths as well as interplanetary shocks (ISs). Changes in the longitude angle, φφ, in CIRs from −2 to 2∘2∘ agree with earlier results (e.g.Gosling and Pizzo, 1999). We have also analyzed the average temporal profiles of the bulk velocity angles in sheaths and ICMEs. We have found that the angle φφ in ICMEs changes from 2 to −2∘−2∘, while in sheaths it changes from −2 to 2∘2∘ (similar to the change in CIRs), i.e. the angle in CIRs and sheaths deflects in the opposite sense to ICMEs. When averaging the latitude angle ϑϑ on all the intervals of the chosen SW types, the angle ϑϑ is almost constant at ∼1∘∼1∘. We made for the first time a selection of SW events with increasing and decreasing ϑϑ and found that the average ϑϑ temporal profiles in the selected events have the same “integral-like” shape as for φφ. The difference in φφ and ϑϑ average profiles is explained by the fact that most events have increasing profiles for the angle in the ecliptic plane as a result of solar rotation, while for the angle in the meridional plane, the numbers of events with increasing and decreasing profiles are equal.
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