Contents

Introduction: The High-energy Corona — Waves, Eruptions,
Particles

Karl-Ludwig Klein and Alexander MacKinnon . ......................
1 Particle Acceleration During Flares . .......... ... ... . ... ...,
2 Large-scale Disturbances .......... ... ... . i
3 Waves in Coronal Magnetic Field Structures

and Plasma Diagnostics ......... .. . i i i
4 Outlook . ..o
References . ... ... ..

Part I Particle Acceleration During Flares

Magnetic Complexity, Fragmentation, Particle Acceleration
and Radio Emission from the Sun

Loukas VIahos . ... ..
1 Imtroduction ........ ... ...
2 Classical Models for Energy Release and Particle Acceleration. . . . ..
3  Energy Release and Particle Acceleration

in Complex Magnetic Topologies .......... ... .. ... ...
4  Radio Emission from Simple

and Complex Magnetic Topologies.......... ... .. oo,
O SUIIMATY . o ottt et e e e e e
References . ... ... ..

Review of Selected RHESSI Solar Results

Brian R. Dennis, Hugh S. Hudson, and Sam Krucker.................
Introduction . ... . . . .
Instrumentation ... ...... ... ... . ..
SOft XoTays « .o ot
Hard Xorays . ..o
Gamma Rays .. ...

Tk W N



VIII  Contents

6 Flare/CME Energetics .........ooiiiiiiiiiii i 58
T Conclusions. . . ... 60
References .. ... 62

RHESSI Results — Time for a Rethink?

J. C. Brown, E. P. Kontar, and A. M. Veronig ...................... 65
1 Imtroduction ........ ... ... 65
2 Imaging Discoveries and Issues .. ......... ... .. . ... . ... 66
3 Temporal Domain Discoveries and Issues ................ .. ... ... 71
4 Spectral Discoveries and Issues . ..., 74
5 Conclusions. . ... ... 79
References . ... ... .. 79

Small Scale Energy Release
and the Acceleration and Transport
of Energetic Particles

Hugh Hudson and Nicole Vilmer ...... .. .. . .. . i ... 81
1 Introduction ............ .. 81
2 Some New Observational Constraints ........................... 83
3 Acceleration and Propagation Mechanisms....................... 94
4 Radio Emission Mechanisms ......... ... ... ... ... ... ... ........ 97
5 Conclusions. . ..ot 98
ADDPendix . ..o 99
References .. ... ... 99

Part II Large-scale Disturbances

Large-scale Waves and Shocks
in the Solar Corona

Alexander Warmuth .. .. ... 107
1 Introduction .......... ... i 107
2 The Physics of MHD Waves and Shocks ......................... 109
3 Signatures of Coronal Waves . ......... .. ... .. .. .. . ... 112
4 Association with Type IT Radio Bursts . .............. ... ........ 119
5  The Physical Nature of Coronal Waves .......................... 120
6 Causes of Coronal Waves . ......... ... .. 127
7  Relevance of Coronal Waves to Other Areas

of Solar Physics ... . 130
8 Conclusions. . ... . 132
References .. ... ... 134

Energetic Particles Related with Coronal

and Interplanetary Shocks

N. Gopalswamy .. ... 139
1 Imtroduction ........ ... . . 139
2 Type II Radio Bursts and Shocks.......... .. ... .. .. ... ... 141



Contents IX

3 Type Il Burstsand SEP Events ......... .. .. ... ... .. ... ... 146
4 CME Interaction ... ... e 148
5 CME Interaction and SEPs: Case Studies ....................... 149
6 SEP Intensity Variation: Statistical Study ................ ... ... 152
7  SEP Intensity and Active Region Area .......................... 154
8 Discussion and Conclusions . .. ..., 156
References .. ... 158
Particle Acceleration at the Earth’s Bow Shock
David BUrgess ... ..o 161
1 Introduction ............ ... .. 161
2 Electron Acceleration at the Quasi-perpendicular

Bow Shock . ... ... . 164
3 Quasi-parallel Shocks and Acceleration .......................... 176
4  Transients at Shocks: Hot Flow Anomalies....................... 185
O SUIIIMATY . o ottt e e e e e e e 188
References ... ... ... 188

On the Existence of Non-maxwellian Velocity Distribution
Functions in the Corona and their Consequences
for the Solar Wind Acceleration

Milan Maksimovic ... .. ... . e e 191
1 Introduction ......... ... 191
2 The Principal Features of Observed Solar Wind Electron

Distribution Functions . ....... ... .. .. i 192
3 Modelling the Consequence of Non-thermal Distributions

inthe Corona ... 196
4 Concluding Remarks . ... ... 201
References .. ... 201

Recent Research: Large-scale Disturbances, their Origin
and Consequences

Gottfried Mann and Bojan Vrsnak ........ .. .. .. .. . . . . . ... 203
1 Imtroduction ......... ... . 203
2 TOPICS .« 204
3 Take-off and Propagation of CMEs ......... ... ... .. .. ... .... 204
4 Origin and Propagation of Shocks ........... ... ... ... ... ..... 208
5 The Role of Flares, CMEs, and Shocks

in Particle Acceleration .......... .. .. i 209
6 Coronal and IP Plasma Diagnostics Offered

by the Radio Emission ......... . .. .. . . 212
7 Conclusion . ....... ... 214
Appendix: The List of Participants ............. .. ... ... ..., 215

References .. ... 216



X Contents

Part IIT Plasma of the Solar Corona

Quasi-periodic Pulsations as a Diagnostic Tool for Coronal
Plasma Parameters

V. M. Nakariakov and A. V. Stepanov...... ... .. .. o i, 221
1 Imtroduction ........ ... .. 221
2 MHD Modes of a Plasma Cylinder............. ... ... .. ... .... 223
3 Standing Longitudinal Waves ....... ... ... .. .. ... . ... 231
4 Ballooning Modes ........ ... 233
5 Damping .. ... 234
6 Loop Plasma Diagnostics (with Examples)....................... 236
7  Equivalent Electric Circuit ......... .. ... . . . i i 242
8  Conclusions. . ... ... 247
References . ... ... .. 248
Pulsating Solar Radio Emission

Alexander Nindos and Henry Aurass ............c.ccoiuiiuiineenao.. 251
1 Imtroduction ......... ... . 251
2 A Brief Overview of Radio Pulsations ........................... 253
3 Microwave pulsations . ............ .. 257
4 Decimetric Pulsating Emission ......... ... ... .. ... o ... 261
5 Metric Pulsating Emission . ...... .. ... .. . . i 266
6 Summary and Future Work . ....... .. ... o 273
References .. ... 275



2 Springer
http://www.springer.com/978-3-540-71569-6

The High Energy Solar Corona: Waves, Eruptions,
Particles

Klein, K.L.; MacKinnon, AL (Eds.)

2007, ¥, 284 p., Hardcowver

ISEMN: 978-3-540-71569-6



