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Abstract. From the observations of radio and HXR bursts, the escape rate of energetic electrons
trapped in the flare loops is studied based on the trap-plus-precipitation model for the kinematics
of energetic electrons in solar flares. Coulomb collision is regarded as the main pitch angle
scattering of trapped electrons in the decay phase of the event on 2004 December 1. The escape
rate of trapped electrons decreases firstly and then increases, which indicates the evolution of
the plasma density in the flare loops during the decay phase.
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1. Introduction
Energetic electrons produce plenty of bursts when they transport in the solar atmo-

sphere. Among these burst events, radio and HXR bursts are normally observed by spatial
and ground-based telescopes. Radio burst from Gyrosynchrotron emission and hard X-
ray burst from thin-target Bremsstrahlung emission may be used to infer the electron
distribution and its evolution in time (Bastian et al. 1998). The trap-plus-precipitation
model is generally adopted to describe the transport of energetic electrons (Aschwanden
1998). Because of the magnetic mirrors of flare loops, electrons are trapped and accu-
mulated in the flare loops. In the decay phase, the energetic electron injection decreases
obviously. The trapped electrons and the ones escaping from trap are the main emitters
of radio and HXR emission in the decay phase. The escape of trapped electrons plays an
important role in the evolution of electrons producing radio and HXR bursts. The ratio
of the escape rate caused by energy loss to pitch angle scattering is about 0.3 (Hundson
1972) or 0.5 (Trubnikov 1965). The mechanism of pitch angle scattering includes coulomb
collision, resonant scattering and diffusive scattering.

2. Data reduction
The radio burst at 7.6 GHz is provided by the Solar Broad-band Radio Spectrometer

(SBRS) of China (Fu et al. 2004) and the HXR emission at 25-50 keV is from the Reuven
Ramaty High-Energy Solar Spectroscopic Imager (RHESSI; Lin et al. 2002). There are
several parameters related to radio and HXR emission. It is hard to deduce the exact
amount of number density of energetic electrons. Hence, the radio and HXR light curves
could be used as the template of number density of energetic electrons producing radio
and HXR bursts. It is assumed that the number density of radio-producing electrons is
20 times of that for HXR emission. By ignoring the injection in the decay phase and
assuming the first precipitating rate (q) being invariable, the escape rate of trapped
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Figure 1. The radio flux at 7.6 GHz (solid line), HXR flux at 30-70 keV (dashed line) and the
escape rate of trapped electrons (+) of event on 2004 Dec. 1.

electrons deduced from the trap-plus-precipitation model is:

ν(t) = log
(q + 1) · nr (t − 1)

q · nr (t) + nr (t − 1) − nh(t)
(2.1)

where nr and nh are the number density of energetic electrons producing radio and HXR
emission, respectively.

3. Results and conclusions
The radio burst at 7.5 GHz peaks at 07:13:44 with a 192-s delay from the HXR maxi-

mum and has a more gradual decay as shown in Figure 1. This is due to the accumulation
of trapped electrons in the flare loops during the whole process. Huang & Yan (2009)
have fitted the radio emission at six frequencies using HXR flux as the injection function
and a increasing escape rate. Coulomb collision is proposed as the pitch angle scattering
mechanism for the trapped electrons and νp ≈ 10n9E

−3/2s−1 , where E is in units of keV
and n9 is the ambient plasma density in 109cm−3 . In this work, the escape rate deduced
from radio and HXR observation decreases firstly and then increases during the decay
phase. It suggests that the plasma density around the resonant layer decreases firstly and
then increases. The first decrease may be due to the continues expanding of post flare
loops and the later increase could be the signature of chromosphere evaporation. The
latter is more important on the change of local plasma.
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