Some papers on Type II and CME-streamer interaction

Relationship between multiple type II solar radio bursts and CME observed by STEREO/SECCHI     A16 

K.-S. Cho, S.-C. Bong, Y.-J. Moon, A. Shanmugaraju, R.-Y. Kwon and Y. D. Park

A&A 530, A16 (2011); File
Aims. Two or more type II bursts are occasionally observed in close time sequence during solar eruptions, which are known as multiple type II bursts. The origin of the successive burst has been interpreted in terms of coronal mass ejections (CMEs) and/or flares. Detailed investigations of the relationship between CMEs and the bursts enable us to understand the nature of the multiple type II bursts. In this study, we examine multiple type II bursts and compare their kinematics with those of a CME occurring near the time of the bursts. 

Methods. To do this, we selected multiple type II bursts observed by the Culgoora radiospectrographs and a limb CME detected in the low corona field of view (1.4−4 Rs) of a STEREO/SECCHI instrument on December 31, 2007. To determine the 3D kinematics of the CME, we applied the stereoscopic technique to the STEREO/SECCHI data.

Results. Our main results are as follows: (1) the multiple type II bursts occurred successively at ten minute intervals and displayed various emission structures and frequency drifting rates; (2) near the time of the bursts, the CME was observed by STEREO and SOHO simultaneously, but no evidence of other CMEs was detected; (3) inspection of the 3D kinematics of the CME using the stereoscopic observation by STEREO/SECCHI revealed that the CME propagated along the eastward radial direction as viewed from the Earth; (4) very close time and height associations were found between the CME nose and the first type II burst, and between CME-streamer interaction and the second type II burst. 

Conclusions. On the basis of these results, we suggest that a single shock in the leading edge of the CME could be the source of the multiple type II bursts and support the notion that the CME nose and the CME-streamer interaction are the two main mechanisms able to generate the bursts.

Low coronal observations of metric type II associated CMEs by MLSO coronameters:
K.-S. Cho, S.-C. Bong, Y.-H. Kim, Y.-J. Moon, M. Dryer, A. Shanmugaraju, J. Lee and Y. D. Park
A&A 491 (2008) 873-882, File
http://www.aanda.org/10.1051/0004-6361:20079013
Aims. We have investigated the relationship between coronal mass ejections (CMEs) and coronal type II radio bursts by using type II associated CMEs whose low coronal observations by MLSO MK coronameters (1.08-2.85 solar radii for MK4) were available.
Methods. For this we considered all type II burst data at 17:00 UT to 22:00 UT from 1996 to 2003, and then compared them with CME images that were obtained during the same MLSO (Mauna Loa Solar Observatory) observing periods. As a result, we selected 19 type II associated CMEs whose kinematics are well identified. A relationship between CMEs and type IIs has been examined in terms of spatial and temporal closeness without any extrapolation of CME kinematics as well as in terms of CME-streamer interaction.
Results. We found that: (1) except one event, all the metric type II events occur simultaneously or after the CME appearance in MK field of view within 30 min, mostly within 10 min after; (2) the distribution of height difference between the CME front and type II formation shows that there are double peaks, one at the CME fronts and the other at about 1 solar radius behind the front; (3) about half of the events (9/19) are identified to have CME-streamer interaction (seven streamer deflection and two overlapping), and the interaction heights are very similar to those of type II formation as well as their interaction times are nearly coincident with those of type II starting; (4) for the other events (10/19), the CME front heights at the starting time of type IIs are comparable to the heights of type II formation.
Conclusions. Our low coronal observations of type II associated CMEs suggest that CME front and/or CME-streamer interaction at CME flank are two main mechanisms to generate type II bursts.

A Study of CME and Type II Shock Kinematics Based on Coronal Density Measurement
K.-S. Cho, J. Lee, Y.-J. Moon, M. Dryer, S.-C. Bong, Y.-H. Kim and Y.D. Park

A&A 461 (2007) 1121-1125, File
We therefore conclude that the type II burst was generated at the interface of the CME flank and the streamer, as favorable for the shock formation.
Link: http://solar.njit.edu/preprints/lee1316.pdf
Aims.The aim of this paper is to determine location and speed of a coronal shock from a type II burst spectrum without relying on any coronal

density model, and to use the result to discuss the relationship between the type II burst and Coronal Mass Ejection (CME).

Methods. This study is made for the 2004 August 18 solar eruption observed by Green Bank Solar Radio Burst Spectrometer (GBSRBS) and

a limb CME/streamer simultaneously detected by Mauna Loa Solar Observatory (MLSO) MK4 coronameter. We determine the background

density distribution over the area of interest by inverting the MLSO MK4 polarization map taken just before the CME onset. Using the twodimensional

density distribution and the type II emission frequencies, we calculate the type II shock heights along several radial directions

selected to encompass the entire position angles of the CME. We then compare these emission heights with those of the CME to determine at

which position angle the type II burst propagated. Along the most plausible position angle, we finally determine the height and speed of the

shock as functions of time.

Results. It turns out that the type II emission height calculated along a southern streamer best agrees to the observed height of the CME flank.

Along this region, both the shock and CME moved at a speed ranging from 800 to 600 km s_1. We also found that the streamer boundary

already had enhanced density compared to other parts before the CME and formed an appropriately-low Alfv´enic region.

Conclusions.We therefore conclude that the type II burst was generated at the interface of the CME flank and the streamer, as was favorable

for the shock formation.
Evidence of a blast shock wave formation in a “CME–streamer” interaction

V.G. Eselevicha, , M.V. Eselevicha, , V.M. Sadykovb, c, , I.V. Zimovets

Advances in Space Research  Volume 56, Issue 12, 15 December 2015, Pages 2793–2803

http://www.sciencedirect.com/science/article/pii/S0273117715002434
Analysis of the solar event on 16 February 2011 (SOL2011-02-16T14:19) allows to classify it as an “impulsive” coronal mass ejection (CME) event. It is argued that the observed deviation of a streamer ray from its pre-event state and generation of a metric type II radio burst in this event was a result of a “CME–streamer” interaction in the lower corona (r≲1.5R⊙ ). Most probably, it was a consequence of an impulsive action of a compressed magnetic field to the streamer. This compression of the coronal magnetic field was due to a moving and expanding magnetic flux rope, which was a core of the CME. The estimated radial speed of the type II burst sources was significantly (≈2–8 times) larger than the radial speed of the erupting flux rope, and it decreased rapidly with time. This indicates that during the “CME–streamer” interaction a blast shock wave could be excited and propagated along the streamer.
DIAGNOSTICS ON THE SOURCE PROPERTIES OF A TYPE II RADIO BURST WITH SPECTRAL BUMPS 

S. W. Feng, Y. Chen, X. L. Kong, G. Li, H. Q. Song, X. S. Feng, and Fan Guo

2013 ApJ 767 29; File
In recent studies, we proposed that source properties of type II radio bursts can be inferred through a causal relationship between the special shape of the type II dynamic spectrum (e.g., bump or break) and simultaneous extreme ultraviolet (EUV)/white light imaging observations (e.g., CME-shock crossing streamer structures). As a further extension of these studies, in this paper we examine the coronal mass ejection (CME) event on 2007 December 31 associated with a multiple type II radio burst. We identify the presence of two spectral bump features on the observed dynamic spectrum. By combining observational analyses of the radio spectral observations and the EUV-white light imaging data, we conclude that the two spectral bumps result from a CME-shock propagating across dense streamers on the southern and northern sides of the CME. It is inferred that the corresponding two type II emissions originate separately from the two CME-shock flanks where the shock geometries are likely quasi-perpendicular or oblique. Since the emission lanes are bumped as a whole within a relatively short time, it suggests that the type II radio bursts with bumps of this study are emitted from spatially confined sources (with a projected lateral dimension smaller than 0.05-0.1 R ☉ at a fundamental frequency level of 20-30 MHz).

RADIO SIGNATURES OF CORONAL-MASS-EJECTION–STREAMER INTERACTION AND SOURCE DIAGNOSTICS OF TYPE II RADIO BURST 

S. W. Feng, Y. Chen, X. L. Kong, G. Li, H. Q. Song, X. S. Feng, and Ying Liu

2012 ApJ 753 21, File
http://sprg.ssl.berkeley.edu/~liuxying/pubs/2012_apj_feng.pdf
It has been suggested that type II radio bursts are due to energetic electrons accelerated at coronal shocks. Radio observations, however, have poor or no spatial resolutions to pinpoint the exact acceleration locations of these electrons. In this paper, we discuss a promising approach to infer the electron acceleration location by combining radio and white light observations. The key assumption is to relate specific morphological features (e.g., spectral bumps) of the dynamic spectra of type II radio bursts to imaging features (e.g., coronal mass ejection (CME) going into a streamer) along the CME (and its driven shock) propagation. In this study, we examine the CME-streamer interaction for the solar eruption dated on 2003 November 1. The presence of spectral bump in the relevant type II radio burst is identified, which is interpreted as a natural result of the shock-radio-emitting region entering the dense streamer structure. The study is useful for further determinations of the location of type II radio burst and the associated electron acceleration by CME-driven shock.
The Interaction Between Coronal Mass Ejections and Streamers: A Statistical View over 15 Years (1996 – 2010)

O. Floyd, P. Lamy, A. Llebaria

Solar Physics, April 2014, Volume 289, Issue 4, pp 1313-1339; File
We report on the statistical analysis of the interaction between coronal mass ejections (CMEs) and streamers based on 15 years (from 1996 to 2010 inclusive) of observation of the solar corona with the LASCO-C2 coronagraph. We used synoptic maps and improved the method of analysis of past investigations by implementing an automatic detection of both CMEs and streamers. We identified five categories of interaction based on photometric and geometric variations between the pre- and post-CME streamers: “brightening”, “dimming”, “emergence”, “disappearance”, and “deviation”. A sixth category, “no change”, included all cases where none of the above variations is observed. A “global set” of 21 242 CMEs was considered as well as a subset of the 10 % brightest CMEs (denoted “top-ten”) and three typical periods of solar activity: minimum, intermediate, and maximum. We found that about half of the global population of CMEs are not associated with streamers, whereas 93 % of the 10 % brightest CMEs are associated. When there is a CME-streamer association, approximately 95 % of the streamers experience a change, either geometric or radiometric. The “no change” category therefore amounts to approximately 5 %, but this percentage varies from 1 – 2 % during minimum to 7 – 8 % during intermediate periods of activity; values of 3 – 5 % are recorded during maximum. Emergences and disappearances of streamers are not dominant processes; they constitute 16 – 17 % of the global set and 23 % (emergence) and 28 % (disappearance) of the “top-ten” set. Streamer deviations are observed for 57 % and 70 % of, respectively, the global set and “top-ten” CMEs. The cases of dimming and brightening are roughly equally present and each case constitutes approximately 30 – 35 % of either set, global or “top-ten”.

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. Grechnev (1), A. M. Uralov (1), I. V. Kuzmenko (2), A. A. Kochanov (1), I. M. Chertok (3), S. S. Kalashnikov

Solar Phys.,  2014
http://arxiv.org/pdf/1410.8696v1.pdf
Multi-instrument observations of two filament eruptions on 24 February and 11 May 2011 suggest the following updated scenario for eruptive flare, CME and shock wave evolution. 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 enveloping the filament gets involved in 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. The shock 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 frontal part of the shock changes into the bow-shock regime. This was observed for the first time in the 24 February 2011 event. When reconnection ceases, the flux rope relaxes and constitutes the CME core-cavity system. The expanding arcade develops into the CME frontal structure. We also found that reconnection in the current sheet of a remote streamer forced by the shock's passage results in a running flare-like process within the streamer responsible for a type II burst. The development of dimming and various associated phenomena are discussed.

Observations of Near-Simultaneous Split-Band Solar Type-II Radio Bursts at Low Frequencies

K. Hariharan, R. Ramesh, C. Kathiravan

Solar Physics   September 2015, Volume 290, Issue 9, pp 2479-2489

We report ground-based radio spectral and polarimeter observations of two successive split-band Type-II bursts that occurred on 20 February 2014 at low frequencies (<100 MHz) in association with a solar coronal mass ejection (CME). The temporal interval between the onset of the two bursts was very small, ≈ one minute. Both of the bursts exhibited fundamental–harmonic structure. The coronal magnetic-field strength [B] in the upstream region of the associated magnetohydrodynamic (MHD) shock, estimated from the split-band observations, is in the range B≈1.3--1.1 G over the radial distance [r] interval r≈1.49--1.58 R⊙ for the first Type-II burst, and B≈1.3--1.0 G overr≈1.49--1.64 R⊙ for the second Type-II burst. Based on the results obtained, we show that the first and the second Type-II bursts in the present case were likely due to MHD shocks generated by the near-simultaneous interaction of two different regions of the aforementioned CME with a preceding CME and a pre-existing coronal streamer.

Possible role of coronal streamer as magnetically-closed structure in shock-induced energetic electrons and metric type II radio bursts

Xiangliang Kong, Yao Chen, Fan Guo, Shiwei Feng, Bing Wang, Guohui Du, Gang Li

2015  ApJ   798   81

http://arxiv.org/pdf/1410.7994v1.pdf
Two solar type II radio bursts, separated by ~24 hours in time, are examined together. Both events are associated with coronal mass ejections (CMEs) erupting from the same active region (NOAA 11176) beneath a well-observed helmet streamer. We find that the type II emissions in both events ended once the CME/shock fronts passed the white-light streamer tip, which is presumably the magnetic cusp of the streamer. This leads us to conjecture that the closed magnetic arcades of the streamer may play a role in electron acceleration and type II excitation at coronal shocks. To examine such a conjecture, we conduct a test-particle simulation for electron dynamics within a large-scale partially-closed streamer magnetic configuration swept by a coronal shock. We find that the closed field lines play the role of an electron trap, via which the electrons are sent back to the shock front for multiple times, and therefore accelerated to high energies by the shock. Electrons with an initial energy of 300eV can be accelerated to tens of keV concentrating at the loop apex close to the shock front with a counter-streaming distribution at most locations. These electrons are energetic enough to excite Langmuir waves and radio bursts. Considering the fact that most solar eruptions originate from closed field regions, we suggest that the scenario may be important to the generation of more metric type IIs. This study also provides an explanation to the general ending frequencies of metric type IIs at or above 20-30 MHz and the disconnection issue between metric and interplanetary type IIs.  2011 March 25
A BROKEN SOLAR TYPE II RADIO BURST INDUCED BY A CORONAL SHOCK PROPAGATING ACROSS THE STREAMER BOUNDARY 

X. L. Kong, Y. Chen, G. Li, S. W. Feng, H. Q. Song, F. Guo, and F. R. Jiao

2012 ApJ 750 158, File
We discuss an intriguing type II radio burst that occurred on 2011 March 27. The dynamic spectrum was featured by a sudden break at about 43 MHz on the well-observed harmonic branch. Before the break, the spectrum drifted gradually with a mean rate of about –0.05 MHz s–1. Following the break, the spectrum jumped to lower frequencies. The post-break emission lasted for about 3 minutes. It consisted of an overall slow drift which appeared to have a few fast-drift sub-bands. Simultaneous observations from the Solar TErrestrial RElations Observatory and the Solar Dynamics Observatory were also available and are examined for this event. We suggest that the slow-drift period before the break was generated inside a streamer by a coronal eruption driven shock, and the spectral break as well as the relatively wide spectrum after the break is a consequence of the shock crossing the streamer boundary where density drops abruptly. It is suggested that this type of radio bursts can be taken as a unique diagnostic tool for inferring the coronal density structure, as well as the radio-emitting source region.

RELATIONSHIP BETWEEN A CORONAL MASS EJECTION-DRIVEN SHOCK AND A CORONAL METRIC TYPE II BURST

Y. Liu, J. G. Luhmann, S. D. Bale, and R. P. Lin

ApJL  691 L151-L155  2009; File
http://www.iop.org/EJ/abstract/1538-4357/691/2/L151
It has been an intense matter of debate whether coronal metric type II bursts are generated by coronal mass ejection (CME)-driven shocks or flare blast waves. Using unprecedented high-cadence observations from STEREO/SECCHI, we investigate the relationship between a metric type II event and a shock driven by the 2007 December 31 CME. The existence of the CME-driven shock is indicated by the remote deflection of coronal structures, which is in good timing with the metric type II burst. The CME speed is about 600 km s–1 when the metric type II burst occurs, much larger than the Alfvén speed of 419-489 km s–1 determined from band splitting of the type II burst. A causal relationship is well established between the metric and decametric-hectometric type II bursts. The shock height-time curve determined from the type II bands is also consistent with the shock propagation obtained from the streamer deflection. These results provide unambiguous evidence that the metric type II burst is caused by the CME-driven shock.

Tracking the CME-driven Shock Wave on 2012 March 5 and Radio Triangulation of Associated Radio Emission

J. Magdalenić1, C. Marqué1, V. Krupar2, M. Mierla1,3, A. N. Zhukov1,4, L. Rodriguez1, M. Maksimović5, and B. Cecconi

2014 ApJ 791 115

We present a multiwavelength study of the 2012 March 5 solar eruptive event, with an emphasis on the radio triangulation of the associated radio bursts. The main points of the study are reconstruction of the propagation of shock waves driven by coronal mass ejections (CMEs) using radio observations and finding the relative positions of the CME, the CME-driven shock wave, and its radio signatures. For the first time, radio triangulation is applied to different types of radio bursts in the same event and performed in a detailed way using goniopolarimetric observations from STEREO/Waves and WIND/Waves spacecraft. The event on 2012 March 5 was associated with a X1.1 flare from the NOAA AR 1429 situated near the northeast limb, accompanied by a full halo CME and a radio event comprising long-lasting interplanetary type II radio bursts. The results of the three-dimensional reconstruction of the CME (using SOHO/LASCO, STEREO COR, and HI observations), and modeling with the ENLIL cone model suggest that the CME-driven shock wave arrived at 1 AU at about 12:00 UT on March 7 (as observed by SOHO/CELIAS). The results of radio triangulation show that the source of the type II radio burst was situated on the southern flank of the CME. We suggest that the interaction of the shock wave and a nearby coronal streamer resulted in the interplanetary type II radio emission.

CONSTRAINTS ON CORONAL MASS EJECTION DYNAMICS FROM SIMULTANEOUS RADIO AND WHITE-LIGHT OBSERVATIONS

M. J. Reiner, A. Vourlidas, O. C. St. Cyr, J. T. Burkepile, R. A. Howard, M. L. Kaiser, N. P. Prestage, and J.-L. Bougeret

Astrophysical Journal, 590:533–546, 2003; File
Simultaneous radio and white-light observations are used to deduce information on the dynamics of two coronal mass ejection (CME) events that occurred about 2 hr apart on 2001 January 20 and that were associated with eruptions from the same active region on the Sun. The analysis combines both space-based and ground-based data. The radio data were obtained from the WAVES experiment on the Wind spacecraft and from the Culgoora radiospectrograph in Australia. The white-light data were from the LASCO experiment on SOHO and from the Mk4 coronameter at the Mauna Loa Solar Observatory. For these CME events we demonstrate that the frequency drift rate of the type II radio emissions, generated by the shocks driven by the

white-light CMEs, are consistent with the plane-of-sky height-time measurements, provided that the propagation direction of the CMEs and their associated radio sources was along a radial line from the Sun at a solar longitude of _E50_. These results imply that the ‘‘ true ’’ CME speeds were estimated to be _1.4 times higher than the measured plane-of-sky speeds and that the CMEs originated from solar eruptions centered near E50_. This CME origin is consistent with the known active region and flare site associated with these two CME events. Furthermore, we argue that the type II radio emissions generated by these CMEs must have originated in enhanced density regions of the corona. We investigate whether the type II radiation could have originated in one or more dense coronal streamers, whose densities were estimated from the polarization brightness measurements made by LASCO at that time. Finally, we use these radio and white-light observations to speculate about the dynamics and scales involved in the interaction between these two CMEs.

Type II solar radio bursts predicted by 3D MHD CME and kinetic radio emission simulations†

J. M. Schmidt*, Iver H. Cairns

JGR, Volume 119, Issue 1, pages 69–87, January 2014; File
http://onlinelibrary.wiley.com/doi/10.1002/2013JA019349/pdf 
Impending space weather events at Earth are often signalled by type II solar radio bursts. These bursts are generated upstream of shock waves driven by coronal mass ejections (CMEs) that move away from the Sun. We combine elaborate three-dimensional (3D) magnetohydrodynamic (MHD) predictions of realistic CMEs near the Sun with a recent analytic kinetic radiation theory in order to simulate two type II bursts. Magnetograms of the Sun are used to reconstruct initial solar magnetic and active region fields for the modeling. STEREO spacecraft data are used to dimension the flux rope of the initial CME, launched into an empirical data driven corona and solar wind. We demonstrate impressive accuracy in time, frequency, and intensity for the two type II bursts observed by the WIND spacecraft on 15 February 2011 and 7 March 2012. Propagation of the simulated CME-driven shocks through coronal plasmas containing pre-existing density and magnetic field structures that stem from the coronal setup and CME initiation closely reproduce the isolated islands of type II emission observed. These islands form because of a competition between the growth of the radio source due to spherical expansion, and a fragmentation of the radio source due to increasingly radial fields in the nose region of the shock and interactions with streamers in the flank regions of the shock. Our study provides strong support for this theory for type II bursts and implies that the physical processes involved are understood. It also supports a near-term capability to predict and track these events for space weather predictions.

Source Region of the Decameter–Hectometric Type II Radio Burst: Shock–Streamer Interaction Region
Chenglong Shen1  , Chijian Liao1, Yuming Wang1, Pinzhong Ye1 and Shui Wang

Solar Physics, February 2013, Volume 282, Issue 2, pp 543-552, File
D–H type II radio bursts are widely thought to be caused by coronal mass ejections (CMEs). However, it is still unclear where the exact source of the type IIs on the shock surface is. We identify the source regions of the decameter–hectometric (D–H) type IIs based on imaging observations from SOHO/LASCO and the radio dynamic spectrum from Wind/Waves. The analysis of two well-observed events suggests that the sources of these two events are located in the interaction regions between shocks and streamers, and that the shocks are enhanced significantly in these regions.

7 March 2011; 9 May 2011
Некоторые работы Gopalswamy, имеющие отношение к Вашему докладу

CMEs during the Two Activity Peaks in Cycle 24 and their Space Weather Consequences

N. Gopalswamy, P. Mäkelä, S. Akiyama, S. Yashiro, N. Thakur

Sun and Geosphere,                  2015
http://arxiv.org/pdf/1509.04216v1.pdf    File
We report on a comparison between space weather events that occurred around the two peaks in the sunspot number (SSN) during solar cycle 24. The two SSN peaks occurred in the years 2012 and 2014. Even though SSN was larger during the second peak, we find that there were more space weather events during the first peak. The space weather events we considered are large solar energetic particle (SEP) events and major geomagnetic storms associated with coronal mass ejections (CMEs). We also considered interplanetary type II radio bursts, which are indicative of energetic CMEs driving shocks. When we compared the CME properties between the two SSN peaks, we find that more energetic CMEs occurred during the 2012 peak. In particular, we find that CMEs accompanying IP type II bursts had an average speed of 1543 km/s during the 2012 peak compared to 1201 km/s during the 2014 peak. This result is consistent with the reduction in the average speed of the general population of CMEs during the second peak. All SEP events were associated with the interplanetary type II bursts, which are better than halo CMEs as indicators of space weather. The comparison between the two peaks also revealed the discordant behavior CME rate and SSN is more pronounced during the second peak. None of the 14 disk-center halo CMEs was associated with a major storm in 2014. The lone major storm in 2014 was due to the intensification of the (southward) magnetic field in the associated magnetic cloud by a shock that caught up and propagated into the magnetic cloud. 23-24 Apr 2012; 18-19 Feb 2014
Table 2. List of DH-km type II bursts in 2012, the associated CMEs and SEP events

Table 3. List of DH-km type II bursts in 2014, the associated CMEs and SEP events

Height of Shock Formation in the Solar Corona Inferred from Observations of Type II Radio Bursts and Coronal Mass Ejections

N. Gopalswamy, H. Xie, P. Makela, S. Yashiro, S. Akiyama, W. Uddin., A. K. Srivastava, N. C. Joshi, R. Chandra, P. K. Manoharan, K. Mahalakshmi, V. C. Dwivedi, R. Jain and A. K. Awasthi, N. V. Nitta, M. J. Aschwanden, D. P. Choudhary

E-print, Jan 2013; Adv. Space Res., v. 51, No. 11,  p. 1981-1989,  File
Employing coronagraphic and EUV observations close to the solar surface made by the Solar Terrestrial Relations Observatory (STEREO) mission, we determined the heliocentric distance of coronal mass ejections (CMEs) at the starting time of associated metric type II bursts. We used the wave diameter and leading edge methods and measured the CME heights for a set of 32 metric type II bursts from solar cycle 24. We minimized the projection effects by making the measurements from a view that is roughly orthogonal to the direction of the ejection. We also chose image frames close to the onset times of the type II bursts, so no extrapolation was necessary. We found that the CMEs were located in the heliocentric distance range from 1.20 to 1.93 solar radii (Rs), with mean and median values of 1.43 and 1.38 Rs, respectively. We conclusively find that the shock formation can occur at heights substantially below 1.5 Rs. In a few cases, the CME height at type II onset was close to 2 Rs. In these cases, the starting frequency of the type II bursts was very low, in the range 25 ? 40 MHz, which confirms that the shock can also form at larger heights. The starting frequencies of metric type II bursts have a weak correlation with the measured CME/shock heights and are consistent with the rapid decline of density with height in the inner corona.

Radio-loud CMEs from the disk center lacking shocks at 1 AU

N. Gopalswamy, P. Makela, S. Akiyama, S. Yashiro, H. Xie, R. J. MacDowall, M. L. Kaiser

E-print, June 2012,  JGR, 117, A08106, 2012
A coronal mass ejection (CME) associated with a type II burst and originating close to the center of the solar disk typically results in a shock at Earth in 2-3 days and hence can be used to predict shock arrival at Earth. However, a significant fraction (about 28%) of such CMEs producing type II bursts were not associated with shocks at Earth. We examined a set of 21 type II bursts observed by the Wind/WAVES experiment at decameter-hectometric (DH) wavelengths that had CME sources very close to the disk center (within a central meridian distance of 30 degrees), but did not have a shock at Earth. We find that the near-Sun speeds of these CMEs average to ~644 km/s, only slightly higher than the average speed of CMEs associated with radio-quiet shocks. However, the fraction of halo CMEs is only ~30%, compared to 54% for the radio-quiet shocks and 91% for all radio-loud shocks. We conclude that the disk-center radio-loud CMEs with no shocks at 1 AU are generally of lower energy and they drive shocks only close to the Sun and dissipate before arriving at Earth. There is also evidence for other possible processes that lead to the lack of shock at 1 AU: (i) overtaking CME shocks merge and one observes a single shock at Earth, and (ii) deflection by nearby coronal holes can push the shocks away from the Sun-Earth line, such that Earth misses these shocks. The probability of observing a shock at 1 AU increases rapidly above 60% when the CME speed exceeds 1000 km/s and when the type II bursts propagate to frequencies below 1 MHz.

Coronal Mass Ejections and Solar Radio Emissions               Review

N. Gopalswamy 

Accepted for Publication in the book Planetary Radio Emissions VII, Eds. Rucker, H. O., W. S. Kurth, P. Louarn, G. Fischer, Austrian Academy of Sciences Press, Vienna, in press (2011), File 

In Proceedings of the 7th International Workshop on Planetary, Solar and Heliospheric Radio Emissions (PRE VII) p. 325-342

Three types of low-frequency nonthermal radio bursts are associated with coronal mass ejections (CMEs): Type III bursts due to accelerated electrons propagating along open magnetic field lines, type II bursts due to electrons accelerated in shocks, and type IV bursts due to electrons trapped in post-eruption arcades behind CMEs. This paper presents a summary of results obtained during solar cycle 23 primarily using the white-light coronagraphic observations from the Solar Heliospheric Observatory (SOHO) and the WAVES experiment on board Wind. 

INTERPLANETARY SHOCKS LACKING TYPE II RADIO BURSTS
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We report on the radio-emission characteristics of 222 interplanetary (IP) shocks detected by spacecraft at Sun–Earth L1 during solar cycle 23 (1996 to 2006, inclusive). A surprisingly large fraction of the IP shocks (∼34%) was radio quiet (RQ; i.e., the shocks lacked type II radio bursts).We examined the properties of coronal mass ejections (CMEs) and soft X-ray flares associated with such RQ shocks and compared them with those of the radio-loud (RL) shocks. The CMEs associated with the RQ shocks were generally slow (average speed ∼535 km s−1) and only ∼40% of the CMEs were halos. The corresponding numbers for CMEs associated with RL shocks were 1237 km s−1 and

72%, respectively. Thus, the CME kinetic energy seems to be the deciding factor in the radio-emission properties

of shocks. The lower kinetic energy of CMEs associated with RQ shocks is also suggested by the lower peak

soft X-ray flux of the associated flares (C3.4 versus M4.7 for RL shocks). CMEs associated with RQ CMEs

were generally accelerating within the coronagraph field of view (average acceleration ∼+6.8 m s−2), while those

associated with RL shocks were decelerating (average acceleration ∼ –3.5 m s−2). This suggests that many of the

RQ shocks formed at large distances from the Sun, typically beyond 10 Rs, consistent with the absence of metric and decameter—hectometric (DH) type II radio bursts. A small fraction of RL shocks had type II radio emission solely in the kilometric (km) wavelength domain. Interestingly, the kinematics of the CMEs associated with the km type II bursts is similar to those of RQ shocks, except that the former are slightly more energetic. Comparison of the shock Mach numbers at 1 AU shows that the RQ shocks are mostly subcritical, suggesting that they were not efficient in accelerating electrons. The Mach number values also indicate that most of these are quasi-perpendicular shocks. The radio-quietness is predominant in the rise phase and decreases through the maximum and declining phases of solar cycle 23. About 18% of the IP shocks do not have discernible ejecta behind them. These shocks are due to CMEs moving at large angles from the Sun–Earth line and hence are not blast waves. The solar sources of the shock-driving CMEs follow the sunspot butterfly diagram, consistent with the higher-energy requirement for driving shocks.

Relation Between Type II Bursts and CMEs Inferred from STEREO Observations

Gopalswamy, N.; Thompson, W. T.; Davila, J. M.; Kaiser, M. L.; Yashiro, S.; M?kel?, P.; Michalek, G.; Bougeret, J.-L.; Howard, R. A.
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The inner coronagraph (COR1) of the Solar Terrestrial Relations Observatory (STEREO) mission has made it possible to observe CMEs in the spatial domain overlapping with that of the metric type II radio bursts. The type II bursts were associated with generally weak flares (mostly B and C class soft X-ray flares), but the CMEs were quite energetic. Using CME data for a set of type II bursts during the declining phase of solar cycle 23, we determine the CME height when the type II bursts start, thus giving an estimate of the heliocentric distance at which CME-driven shocks form. This distance has been determined to be ?1.5Rs (solar radii), which coincides with the distance at which the Alfv?n speed profile has a minimum value. We also use type II radio observations from STEREO/WAVES and Wind/WAVES observations to show that CMEs with moderate speed drive either weak shocks or no shock at all when they attain a height where the Alfv?n speed peaks (?3Rs ? 4Rs). Thus the shocks seem to be most efficient in accelerating electrons in the heliocentric distance range of 1.5Rs to 4Rs. By combining the radial variation of the CME speed in the inner corona (CME speed increase) and interplanetary medium (speed decrease) we were able to correctly account for the deviations from the universal drift-rate spectrum of type II bursts, thus confirming the close physical connection between type II bursts and CMEs. The average height (?1.5Rs) of STEREO CMEs at the time of type II bursts is smaller than that (2.2Rs) obtained for SOHO (Solar and Heliospheric Observatory) CMEs. We suggest that this may indicate, at least partly, the density reduction in the corona between the maximum and declining phases, so a given plasma level occurs closer to the Sun in the latter phase. In two cases, there was a diffuse shock-like feature ahead of the main body of the CME, indicating a standoff distance of 1Rs ? 2Rs by the time the CME left the LASCO field of view. 
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