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Abstract
Almost 10 years of solar submillimeter observations have shown new aspects of solar activity, such as the presence of rapid solar
spikes associated with the launch of coronal mass ejections and an increasing submillimeter spectral component in ﬂares. We analyse
the singular microwave–submillimeter spectrum of an M class solar ﬂare on 20 December, 2002. Flux density observations measured
by Sun patrol telescopes and the Solar Submillimeter Telescope are used to build the radio spectrum, which is ﬁtted using Ramaty’s code.
At submillimeter frequencies the spectrum shows a component diﬀerent from the microwave classical burst. The ﬁtting is achieved proposing two homogeneous sources of emission. This theoretical ﬁtting is in agreement with diﬀerential precipitation through a magnetically asymmetric loop or set of loops. From a coronal magnetic ﬁeld model we infer an asymmetric magnetic structure at the ﬂare
location. The model proposed to quantify the diﬀerential precipitation rates due to the asymmetry results in a total precipitation ratio
Q2 =Q1  104 –105 , where Q1 ðQ2 Þ represents the total precipitation in the loop foot with the high (low) magnetic ﬁeld intensity. This ratio
agrees with the electron total number ratio of the two sources proposed to ﬁt the radio spectrum.
Ó 2009 COSPAR. Published by Elsevier Ltd. All rights reserved.
Keywords: Sun: ﬂares; Sun: radio radiation

1. Introduction
Solar submillimeter observations in a routinely manner
began in 1999 with the Solar Submillimeter Telescope
(SST) installation (Kaufmann et al., 2000). Although the
number of observed events is relatively small (lower than
two dozen), generally these events present remarkable features. The most important discovery at submillimeter frequencies is probably the presence of an increasing
spectral component above 200 GHz in some impulsive
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radio bursts (Kaufmann et al., 2004, 2007; Lüthi et al.,
2004; da Silva et al., 2007), called the THz component.
The events showing this component are of X class.
Although the gyrosynchrotron emission of accelerated electrons is the most plausible mechanism in the microwave–
submillimeter range during the impulsive phase of ﬂares,
it cannot explain the observed spectral shape in these
events.
In this work, we extend the spectral analysis of a burst
with two spectral components previously studied by Cristiani et al. (2008) (hereafter Paper I). These two components are: the classical microwave spectrum and a high
frequency component with a peak in the submillimeter
range, which occurred during an M6.8 class ﬂare. Unlike
THz bursts, this event presents a submillimeter component
that does not increase with frequency. We propose as
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origin of this peculiar spectrum an asymmetric electron
precipitation in coronal loop feet. This asymmetric precipitation, at two coronal loop feet with diﬀerent magnetic
ﬁeld intensity, can be understood as the combined gyrosynchrotron emission of two populations of accelerated electrons in two homogeneous sources (see Paper I).
This paper is organized as follows: in Section 2 we summarize the radio observations in the microwave–submillimeter range and show the spectral ﬁtting obtained
considering two homogeneous sources of gyrosynchrotron
emission. An asymmetric-loop emission model is outlined
in Section 3.1 and this theory is applied to the data in Section 3.2 using results from the coronal magnetic model
already discussed in Paper I. Our main conclusions are presented in Section 4.
2. Summary of the observations and previous results
The radio burst analysed in this work occurred on 20
December 2002 around 13:15 UT in active region (AR)
10226. In soft X-rays the event was classiﬁed as M6.8
and as a subﬂare in Ha. In the microwave range two events
are detected with approximately 2 min separation. Radio
observations correspond to SST, USAF Radio Solar Telescope Network (RSTN), Bern patrol telescopes and the
two-element nulling interferometer of the University of
Bern. The coverage in frequency is from 1.415 to
405 GHz. In the ﬁrst event the submillimeter telescope
was performing calibration routines; then, we restrict our
analysis to the second event where the spectrum presents
the submillimeter component. At 212 GHz the burst is
clearly visible, while at 50, 89.4, and 405 GHz the noise
dominates the emission and only an upper bound can be
determined. In Ha we have images from the Ha Solar Telescope for Argentina (HASTA). These images show kernels

Fig. 1. An Ha image at 13:15:43 UT showing the three kernels. MDI
contours of ±100 G have been added (white/black colour corresponds to
positive/negative values). Superimposed on the image, the circles represent
the SST beams at the time of the burst. Beams 2, 3, and 4 (212 GHz) are
the multibeam system. Beam 5 is the 405 GHz receiver. K1 , K2 and K3
indicate the position of the Ha kernels. Both axes are measured in arcsec.
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(Fig. 1) that brighten with diﬀerent timing. Full disk
magnetograms from the Michelson Doppler Imager
(MDI) were used in the analysis of the event. These magnetograms were used as boundary condition for a coronal
magnetic ﬁeld extrapolation. Fig. 2 shows the ﬁeld connectivity in the ﬂare region. The presence of an asymmetric
loop or set of loops can be inferred from the model. The
Ha kernels lie at the feet of these reconnected loops (see
Fig. 5 in Paper I).
Fig. 3 shows the observed spectrum at the peak-burst
time and the theoretical ﬁtting. It is not possible to adjust
the data with a single spectral curve of gyrosynchrotron
emission. In the microwave range we consider a source
and an electron beam with the parameters shown in Table
1 (called Source 2, in agreement with the theory developed
in Section 3.1). To ﬁt the submillimeter range we use a second source and electron beam, as indicated in the same
table. The ﬁtting in this frequency range is more diﬃcult
because we have only one point (212 GHz) and two upper
bounds (89.4 and 405 GHz); nevertheless, we can restrict
the space of solutions taking into account the extrapolated
magnetic ﬁeld intensities and reasonable electron beam
density values. For a more exhaustive discussion about
the physical parameters involved in the ﬁtting see Paper I.
From Table 1, we observe that the second source
(Source 1), responsible for the submillimeter spectral component, involves a total number of accelerated electrons
approximately 5 orders of magnitude lower than the ﬁrst
one. Table 1 shows that, in order to ﬁt the observations,
the total number of emitting electrons is 5 orders smaller

Fig. 2. Magnetic ﬁeld model showing the ﬁeld line connectivity in the
vicinity of ﬂare kernels in the observer’s point of view. Thin continuous
ﬁeld lines represent the connectivities before magnetic reconnection has
occurred, while thick continuous ﬁeld lines are the ones after reconnection.
The isocontours of the ﬁeld are 100, 500, 1000 G. Positive/negative
isocontours are drawn with gray continuous/dashed thin lines. The axes
are measured in Mm. The magnetic trap geometry is shown in the insert.
In our example the magnetic ﬁeld intensity at the loop feet veriﬁes B1 > B2
with the same orientation as the asymmetric loop or set of loops in AR
10226.
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The loss cones are deﬁned by
rﬃﬃﬃﬃﬃ
rﬃﬃﬃﬃﬃ
B0
B0
a2 ¼ arcsin
;
a1 ¼ arcsin
B1
B2

Flux [s.f.u.]

1000

where B0 is the magnetic ﬁeld intensity in the scattering region, and B1 and B2 are the magnetic ﬁeld intensities in the
two coronal loop feet, as indicated in the insert of Fig. 2.
Taking the magnetic ﬁeld orientation from loop foot 1 to
loop foot 2, the particles leaving the scattering region with
pitch-angle / < a2 or / > p  a1 will precipitate.
The equation for the model is a Fokker–Planck equation for the pitch-angle distribution function, where the diffusion tensor and the coeﬃcient of dynamical friction
adopt simpliﬁed expressions when one assumes that the test
particles are fast electrons traveling in a fully ionized
plasma with only one kind of positively charged ions (see
for example Sivukhin, 1966). All of these simplifying
assumptions allow us to derive analytic solutions which
show the eﬀects of the asymmetry.
The model solution depends strongly on the diﬀusion
regime. A strong diﬀusion regime takes place when the
change in the pitch-angle in the particle travel through
the scattering region is D/ J p=2. If t ¼ L=v is the
required time for a particle of speed v to pass through a
scattering region of size L and diﬀusion coeﬃcient D
(asymmetry in pitch-angle diﬀusion implies D ¼ Dð/Þ);
then, strong diﬀusion corresponds to

100

10

1

10

ð1Þ

100

Frequency [GHz]
Fig. 3. Radio spectra at the burst peak time. The curves represent the
obtained gyrosynchrotron solutions.

in Source 1 respect to Source 2. Eventually these electrons
precipitate leading to a strikling precipitating ratio
Q1 =Q2  105 . This unusual ratio is what we explain below
using a well accepted theory of asymmetric precipitation
(Melrose and White, 1981).

Dt  a21 ; a22 :

ð2Þ

In the opposite limit, weak diﬀusion is when the change in
the pitch-angle is small. In this case we have

3. Data analysis

Dt  a21 ; a22 :

3.1. Asymmetric precipitation model

ð3Þ

As we will see below, the appropriate limit in our case is the
weak diﬀusion regime.
In the weak diﬀusion regime the precipitation rates, R1
and R2 , satisfy


qﬃﬃﬃ
a1
ap
1 a
2
ﬃﬃﬃﬃ
exp
F ð‘Þ
a2
tD
R1


¼
qﬃﬃﬃ
;
ð4Þ
R2 1  a1 exp ap1 a
2
ﬃﬃﬃﬃ
F ð‘Þ
a2
tD

The theory used to compute the precipitation rates has
been developed by Melrose and White (1981) for asymmetric ﬂux tubes. The main mechanism for trapped fast particle precipitation in a magnetic ﬂux tube is the pitch-angle
scattering. Three kinds of asymmetry are considered: the
geometrical asymmetry due to the ﬂux tube shape (loss
cones of diﬀerent sizes), the pitch-angle diﬀusion coeﬃcient
depending on the velocity, and an asymmetric particle
injection into the ﬂux tube. The model assumes a localized
scattering region (at the top of the coronal loop, see insert
in Fig. 2); then, the pitch-angle scattering can be approximately described by a local diﬀusion equation. For simplicity the steady state solutions are considered.

where
‘¼

½Dð/Þ  Dðp  /Þ cos /
½Dð/Þ þ Dðp  /Þj cos /j

ð5Þ

is a measure of the asymmetry in the scattering and

Table 1
Parameters derived from microwave spectral ﬁttings: d corresponds to the electron index, B to the source magnetic ﬁeld, H and D are the source
dimensions (assuming a cylindrical shape), ne is the number density of the accelerated electrons with energy E > E0 , E0 and Ef are the low and high energy
cutoﬀs, respectively. N T represents the accelerated electron total number in each source and n the electronic density of the source. The six former
parameters are inputs in Ramaty’s code, while the two last are outputs.

Source 1
Source 2

d

B [G]

D [arcsec]

H [109 cm]

ne [108 cm3]

E0 [keV]

Ef [MeV]

NT

3.50
2.13

170
2000

10.95
0.17

1.9
0.1

5.4
5.0

17
26

10
10

4.78
5.56

n [cm3]
1035
1030

2.8
3.8

109
1011
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pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ 1 þ ‘ þ 1  ‘
F ð‘Þ ¼ 2ð1 þ ‘Þ pﬃﬃﬃ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ :
2þ 1þ‘

ð6Þ

Derivation of Eqs. (4) and (6) can be found in Melrose and
White (1981). These results let us compute approximately
the diﬀerent precipitation rates of energetic electrons in a
coronal loop.
3.2. Results
We ﬁrst concentrate in the determination of the diﬀusion
coeﬃcient as function of the velocity for our source parameters. From Trubnikov (1965) and Sivukhin (1966) the
pitch-angle diﬀusion coeﬃcient for Coulomb collisions of
fast test particles c in a fully ionized plasma of particles b is
D¼

X 2pq2c q2b nb ln Kcb
;
m2c v3c
b

ð7Þ

where qc and qb are the electric charges of the particles, nb is
the plasma numerical density, mc and vc are the mass and
velocity of the test particles and ln Kcb is the Coulomb logarithm. We consider fast electrons in a fully ionized plasma
of H, then q2c ¼ q2b ¼ e2 and mc is the electron mass me .
Then
4

D¼

2pe nðln Kee þ ln Kep Þ
:
m2e v3

ð8Þ

We estimate the possible values of the diﬀusion coeﬃcient using the plasma parameters derived from the spectral
ﬁtting and taking into account that the energy range for the
accelerated electrons is 17 keV–10 MeV, meaning that the
electron velocities are in the 0.258–0.998 c range. We
obtain 0:001 K D K 0:063. On the other hand, the characteristic travel times of the electrons along the scattering
region can be estimated considering, for example, a scattering region size an order of magnitude lower than the
coronal loop height (an upper limit to quantify the scattering region size under the localized scattering region
hypothesis). Then, depending on the particle energy,
0:007 s K t K 0:027 s.
We calculate the loss cone values using photospheric
observations (B1  2000 G and B2  450 G) and the coronal magnetic extrapolation from Paper I (B0  120 G).
The obtained results are, using Eq. (1),
a1  0:25

a2  0:54:

The above results let us conclude that the weak diﬀusion
assumption is the suitable limit, since
pﬃﬃﬃﬃﬃﬃ
0:002 K tD K 0:042  a1 ; a2 :
This result agrees with previous calculations (Melrose and
White, 1979).
To evaluate the quotient of the precipitation rates we
need to integrate Eq. (4) in the velocity space, taking into
account that R1 =R2 depends on the particle velocity, as
can be seen from Eq. (8)



ða1 a2 Þv2 me
F ð‘Þ
exp pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2pe4 nLðln Kee þln Kep Þ
R1


;
ðvÞ ¼
qﬃﬃﬃ
R2
ða1 a2 Þv2 me
a1
1  a exp pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
F
ð‘Þ
4
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qﬃﬃﬃ
a1
a2

2

ð9Þ

2pe nLðln Kee þln Kep Þ

where L is the diﬀusion region size and ‘ is considered a
parameter (further, we analyse the results for suitable ‘ values). Therefore, the quotient of the total number of precipitated particles in each loop feet is
R R1
ðvÞN ðvÞd 3 v
Q1
R
;
ð10Þ
¼ R2
Q2
N ðvÞd 3 v
where N ðvÞ is the velocity distribution function of the accelerated electrons. From the spectral ﬁt we have an energy
distribution function for the fast electron population that
follows a power law ðN ðEÞ ¼ KEd Þ; then, it is convenient
to write Eq. (10) in terms of the energy. A simple transformation gives
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
 2ﬃ
R R1
2
d3
ðEÞE
1  mEe c dE
R2
Q1
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
¼
;
ð11Þ
 2ﬃ
Q2
R d3
me c2
E
1 E
dE
with



ða1 a2 Þð1m2e c4 E2 Þme c2
F ð‘Þ
exp pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2pe4 nLðln Kee þln Kep Þ
R1


:
ðEÞ ¼
qﬃﬃﬃ
R2
ða1 a2 Þð1m2e c4 E2 Þme c2
1  aa1 exp pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
F
ð‘Þ
4
qﬃﬃﬃ
a1
a2

2

ð12Þ

2pe nLðln Kee þln Kep Þ

All of the required parameters to solve the integral in Eq.
(11) are taken from Source 2 parameters (this choice will
be justiﬁed in Section 4). The lower and upper limits of
the integral are taken as the lower (E0 , using the corresponding relativistic value) and upper ðEf Þ energy cutoﬀs,
respectively. Typical values are used for the Coulomb logarithm ðln Kee ; ln Kep  20Þ. For the scattering region size
ðLÞ a 10% of the loop height value ðH  1:9 109 cmÞ is
used in the calculations; as we already mentioned, this is
an upper bound to the scattering region size.
From its deﬁnition (see Eq. (5)) the value of ‘ ranges
from 1 to 1. A value of ‘ ¼ 0 corresponds to symmetric
scattering (i.e., Dðp  /Þ ¼ Dð/Þ), while ‘ ¼ 1 and
‘ ¼ 1 correspond to limit cases: only scattering of electrons moving parallel or antiparallel to the magnetic ﬁeld
(see Fig. 2). As an example of this extreme case ð‘ ¼ 1Þ,
scattering of electrons by whistlers can be considered (Melrose and White, 1981); for whistlers propagating to the
right, only electrons propagating to the left are scattered,
because electrons propagating to the right cannot resonate
with the whistlers. If the scattering is due to Coulomb interactions, it is expected that this source of asymmetry is
unimportant ð‘  0Þ; therefore, we restrict our computation to the range 0:5 < ‘ < 0:5.
The results for the quotient of the total number of precipitated electrons in each coronal feet is shown in Fig. 4 as
a function of ‘. The precipitation in the foot with the larger
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Here ne1 and V 1 were combined to satisfy
0:9 1035 6 N T 1 6 1:3 1035 . For all possible combinations, we obtain very high ﬂux values, which exceed the observed ones in almost three orders of magnitude at
submillimeter wavelengths. This is an expected result because the maximum gyrosynchrotron emission is roughly
proportional to N T and to Bdþ1 ; thus, the ﬂux due to N T 1
ðN T 1  0:25N T 2 Þ electrons in a B1 ðB1  10B2 Þ magnetic
ﬁeld must be, at least, equal to the emission produced by
N T 2 electrons in a B2 magnetic ﬁeld. Therefore, it is not
possible to ﬁt the observed spectrum considering two
homogeneous sources with total electron numbers of the
same order and our spectral model (within small variations) is the only one adequated to explain the observed
emission.
Fig. 4. Precipitation ratio as function of the asymmetry measure value ð‘Þ.

magnetic ﬁeld intensity is approximately 5 orders of magnitude less than the one corresponding to the other foot.
Instead of considering the model of Section 3.1, if we
only take into account the asymmetry in the ﬁeld (geometrical asymmetry) the electron precipitation in each feet
would not be so diﬀerent, since the square of the loss cones
ratio is ða1 =a2 Þ2  0:25. Taking into account this result, we
can try to ﬁt the observed spectrum as the superposition of
two sources with total electron numbers satisfying
N T 1 =N T 2  0:25. The low-frequency part of the spectrum
is well-constrained; thus, the ranges of the main spectral
ﬁt parameters (energy spectral index d, electron beam density ne , magnetic ﬁeld strength B and source size) are
restricted. As d governs the slope of the decaying part of
the spectrum, its value is well determined from the observations. The turn-over frequency is mainly determined by the
magnetic ﬁeld strength. The values for the low magnetic
ﬁeld source (referred as Source 2) are then restricted to
the ranges:
3:4 6 d2 6 3:6;
140 G 6 B2 6 190 G;
3:5

108 cm3 6 ne2 6 5:9

108 cm3 ;

2:4

1026 cm3 6 V 2 6 4:7

1026 cm3 ;

where V 2 stands for the volume. Then, the total number of
the accelerated electrons N T 2 ranges from 3:7 1035 to
5:2 1035 . This result imposes 0:9 1035 6 N T 1
6 1:3 1035 (i.e., we take N T 1 =N T 2  0:25). The magnetic
ﬁeld strength B1 must be large enough to show a turn-over
around 200 GHz and ne1 V 1  0:25 ne2 V 2 . We consider a wide range for the parameters:
B1 J 2000 G;
0:8
5

108 cm3 6 ne1 6 6
1024 cm3 6 V 1 6 5

d1 ! without restrictions:

109 cm3 ;
1026 cm3 ;

4. Discussion and conclusions
Two components or a multicomponent microwave spectrum have been used to explain the observed spectra
assuming gyrosynchrotron emission. Analysing the
observed temporal evolution Stähli et al. (1990) classiﬁed
these spectra in two groups: those spectra originated by
two separated gyrosynchrotron sources (see for example
Gary and Hurford, 1990; Herrmann et al., 1997; Cristiani
et al., 2007) and those triggered by a single source or two
sources that are strongly coupled (see Huang and Haisheng, 2006).
In this work, we explore the possibility that an unusual
spectrum observed in the microwave–submillimeter range
can be produced because of the asymmetric rate of precipitation in the loop feet. The explanation for these diﬀerent
precipitation rates is the magnetic ﬁeld asymmetry derived
from a coronal magnetic ﬁeld extrapolation in Paper I.
In Section 2 the spectral ﬁt is obtained proposing the
existence of two homogeneous sources of gyrosynchrotron
emission. On the other hand, in Section 3.2, we propose a
diﬀerential rate of precipitation as an explanation of the
observed spectra. These scenarios are not contradictory,
as can be inferred in view of the results of Section 3.2.
The gyrosynchrotron emission from most of the coronal
loop, with magnetic ﬁeld intensities in the 120 G
K B K 450 G range, can be associated with Source 2,
while the gyrosynchrotron emission in the loop foot with
the most intense magnetic ﬁeld ðB  2000 GÞ can be linked
to Source 1. Taking into account these results, the magnetic
ﬁeld of Source 2 represents an average or eﬀective magnetic
ﬁeld value all along the coronal loop. The number of the
accelerated electrons at Source 1 is approximately 5 orders
of magnitude lower than that at Source 2 (see Table 1); this
ratio agrees with the quotient of the total precipitation in
each coronal feet ðQ1 =Q2 Þ. The ambient plasma density differs in 2 orders of magnitude from Source 2 to Source 1;
this reinforces the picture of an extended source (Source
2) with a low plasma density (in average) and a concentrated source (Source 1) with high plasma density (with
almost chromospheric values).
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Other parameter to consider is the electron index for the
two proposed sources (d ¼ 3:5 for Source 2 and d ¼ 2:1 for
Source 1). If these sources could be considered as originating from a single electron population, in principle, we
would expect that this population would have the same d
in both sources. Concerning this apparent contradiction,
we can argue that the trapping time in a magnetic mirror
is proportional to v3 , then, an accelerated electron population hardens (d takes lower values) and the precipitation
of the less energetic particles increases the low energy cutoﬀ
(E0 ¼ 26 keV for Source 1, while E0 ¼ 17 keV for Source
2); so, the two proposed sources cannot exist simultaneously. In fact, our observations in microwaves and submillimeter waves are not simultaneous, because they
correspond to diﬀerent radiotelescopes, with diﬀerent temporal resolution. The ﬂux density at 212 GHz shows a
delay of approximately 3 s with respect to the emission at
microwaves (see Paper I). To quantify if this time is enough
to produce the discussed electron population hardening, a
time-dependent model of the evolution of the electron distribution function is necessary, which is out of the scope of
this work. Nevertheless, we can estimate trapping times in
the weak-diﬀusion limit (Spitzer, 1956; Trubnikov, 1965;
Schmidt, 1979; Benz, 1993; Aschwanden, 1998). For the
plasma densities involved in the analysed loop (considering
Source 1, which shows the harder electron population) the
trapping time of 1 MeV electrons is around 3–4 s, while the
trapping time of 100 keV electrons is lower than 0.5 s. The
MeV electrons are responsible for the submillimeter emission, while the microwave emission is mainly produced
by electrons of hundreds of keVs; then, the trapping time
analysis is compatible with the observed time delays
between submillimeter and microwave data. Moreover,
the analysis reveals that the electron population hardening
is relatively fast.
We want to remark that the value of d for Source 1 is
not univocally determined from observations. This value
is imposed to prevent values higher than 2000 G for the
magnetic ﬁeld intensity (deduced from photospheric observations). For example, if we take the same value of d for
Source 1 and Source 2, then, the magnetic ﬁeld intensity
needed to ﬁt the submillimeter range of the spectrum is
close to 5000 G. On the other hand, simulations taking into
account the non-thermal electron distribution evolution in
a coronal loop (Fletcher, 1995) show the possibility of the
coexistence of two diﬀerent electron populations in a
unique loop, a population associated to the loop top
(softer) and another one associated to the feet (harder).
The two electron populations originate from an isotropic
electron distribution which is injected at the top of the
loop. These simulations agree with spatially resolved hard
X-ray observations during the impulsive phases of certain
compact solar ﬂares (Masuda, 1994; Aschwanden et al.,
1997; Metcalf and Alexander, 1999). In synthesis, simulations and observations endorse the scenario of two sources
spatially separated with diﬀerent electron populations, as
we have suggested in our analysis; nevertheless, the poor
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spatial resolution of our data does not permit us to obtain
a more direct conﬁrmation.
As the gyrosynchrotron emission depends on the magnetic ﬁeld strength, as well as the number of the accelerated
electrons precipitated per second, high precipitation asymmetry, as the one observed in this event, is susceptible to
be detected in radiofrequencies because low number of precipitated electrons in one loop foot is compensated by a high
magnetic ﬁeld intensity. Conversely, hard X-ray emission,
which depends on the number of accelerated electrons precipitated per second, cannot show this asymmetric precipitation because the emission in one loop foot is already 5
orders of magnitude lower than the emission in the other
one, in the case analysed here. Thus, the limited dynamic
range of current hard X-ray detectors prevents the observation of phenomena similar to the one discussed in this paper.
Although this event does not show a rising spectrum in
the submillimeter range (212–405 GHz data), the observed
enhanced emission at 212 GHz let us classify it as a THz
burst, which can be explained exclusively as gyrosynchrotron emission of a source with singular characteristics,
unlike the previously observed THz bursts.
As a ﬁnal remark, we note that the unusual small precipitation ratio was revealed only when the microwave were
complemented with the submillimeter observations showing the importance of the latter in bringing new (or yet
unobserved) aspects of the ﬂare dynamics.
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