Energetic (gamma-ray) emission from ares: implications

for particle acceleration and transp ort

N. Vilmer

1

1

DASOP

, URA 2080, Observ atoire de Paris, Meudon, F rance

Energetic particles play a large role in the physics of solar ares since they carry

a large fraction of the energy released. Hard X-ray (HXR) and gamma-ray (GR)

observ ations are the most direct diagnostics of the energetic electrons (from � 10

keV to a few GeV) and ions (from � 10 MeV/nuc to a few GeV/nuc) accelerated

during solar ares. In this contribution, I shall summarize some of the recent re-

sults obtained from the analysis of high energy solar ares recorded by GRS/SMM,

PHEBUS/GRANA

T, WBS/YOHKOH and GRO/COMPTON. The temp oral and

sp ectral characteristics of HXR/GR ares provide strong constraints on the accel-

eration/transp ort pro cess(es) at work during solar ares: (i) the acceleration time

scales are short (1s or less) but there may b e in some ares a continuous pro duc-

tion of the most energetic electrons and ions on long time-scales (tens of minutes

to hours); (ii) for gamma-ray line (GRL) ares the energy contained in ions may

b e comparable to the energy contained in the electrons, even if some variabilit y is

observed from are to are or from one p eak to the other in a given are; (iii) there

is a preferential acceleration of heavy ions in ares showing some v ariability in the

course of long duration ares. New results concerning the short duration high en-

ergy (� 10 MeV) electron bremsstrahlung transient bursts observed in some ares

(’electron-dominated even ts’) will b e summarized. In particular, it will b e shown

that even if no signi�cant GRL line emission is detected, the upp er limit of the ion

energy content can still b e comparable to the electron energy content as in the case

of GRL ares. A p ossible explanation of the lack of signi�cant GRL emission may

b e the hardness of the electron bremsstrahlung ab ove 1 MeV.

Radio observ ations represent complementary diagnostics of the energetic elec-

trons which are pro duced during ares. Many multiwa velength studies have b een

p erformed for GRL ares indicating that, during a are, changes of the sp ectral char-

acteristics of the electrons and ions are often asso ciated with the app earance of new

coronal radio emitting sources and/or new H� eruptive sites. This review will sum-

marize the �rst results of multiw avelength analysis of electron dominated even ts. In

particular, the relationship b etween centimetric-millimetric emitting electrons and

HXR/GR bremsstrahlung emitting ones will b e investigated. The new constraints

which will b e provided by the future combination of microw ave to meterwav e radio

and HXR/GR sp ectral and imaging observ ations will b e �nally discussed.