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Diagnostics of solar energetic electrons

Solar flares = sudden energy
release in the solar corona

Particles propagating upward
‘escaping the solar atmosphere’

- Coherent radio emission with
frequency « plasma frequency

Magnetic reconnection
—>plasma heating, particle
acceleration...

Particles propagating downward
- Bremsstrahlung emission in X-ray

~ HXRsources

Vilmer et al. (2002)



X-ray diagnostics of energetic electrons

Typical X-ray observations of solar flares (Krucker et al 2008)

flare peak: 20-Jan-2005 06:45:10.994 UT AL
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X-ray diagnostics = plasma conditions + distribution of energetic electrons
near the acceleration site (flare site)




Typical type IIl burst observation
(Reid and Ratcliffe, 2014)

Coherent plasma emission:
frequency « plasma frequency

Plasma frequency « (plasma density)/?

Negative frequency drift over time
= electron beam propagating upwards /

escaping the solar atmosphere

Type III radio bursts = trace the propagation
of energetic electron beam in solar
atmosphere and heliosphere

28 JAN 2014
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Narrow-band, short-lived emissions, observed at high frequencies (0.8-8 GHz)
* Timescales ~ tens of milliseconds
 Bandwidth ~ a few % of the center frequency (Benz et al, 1992; Paesold et al, 2001)

Often associated with type III radio bursts
« With frequencies slightly > type III starting frequencies (Benz et al, 1992)

Radio spikes are the radio signatures with the higher association rate with HXR
(e.g. Aschwanden & Guedel 1992)

* No distinct temporal correlation between X-ray flux and radio spikes (Benz, 1985; Benz et al, 2002)
* Sources of spikes displaced from HXR souces (Battaglia & Benz, 2009)

Close temporal relationship with HXR bursts + type IIl radio bursts
-> Spikes closely related with the acceleration/injection region of energetic electrons
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Clear association of X-ray emission, high and low frequency type III radio bursts:
Opportunity to link the low-frequency radio emission to their solar source T PRI

Start lime (09—Sep—17 11:00:00)



Ve 5 T 71" 71 71 T : - - -
[ CERMI/GBM Density of spikes and X-ray non-thermal flux
s 12-27 keV
€ 0.9 27-50 keV
s VIR oo T o T o o 31
E 0.8 A i 1 ip 1 IFERMI/GBM i ~
® i TR TI 2o 2 e 41.0°E
5 0.7 — 80 Coldtin o = I
2 AL et
SosE. . . .. L. 2 60 HoF L ) X
800 c | o 4087
~ © AT 0 I 4 i ©
: o O RHEI U I
= X o (A E
a I 1112 O R (N : e
9 7z | ARE = O R PR =
;4 2 H [ P80 068
g ol A EAEY &0 5 I 0.5

200 a - ' i T
11:43:30 11:43:40 11:43:50 11:44:00 11:44:10 11:44:20 11:44:30
Start Time (09—Sep—17 11:43:30)

Radio spikes density correlate with X-ray non-thermal emission of energetic electrons
- Radio spike emission linked to the acceleration process

11:43:40 11:43:45 11:43:50 11:43:55
Start Time (09—Sep—17 11:43:35)

- Fragmentation of radio emission linked to the fragmented nature of particle acceleration

(Musset et al, submitted)
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Count rate (normalized)
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Empirical model for magnetic field evolution
with height (Dulk & McLean, 1978):
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In this event, non-thermal X-ray emission and type IIl radio bursts are particularly well

correlated

-> Enable to characterize the solar source of escaping beams of electrons responsible
for low-frequency type Ill radio bursts

Decimetric radio spikes correlate with X-ray non-thermal flux on fine time scales

-> Indicates that their emission process is linked to the acceleration region

-> Fragmentation of radio spike emission could be a signature of the fragmentation of
the acceleration process itself

The combination of X-ray and radio diagnostics of energetic particles in solar events is
a powerful tool to investigate particle acceleration and transport in the corona.



