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Executive Summary
We observe a series of X-ray microflares with RHESSI from different locations 
within the same active region. 

Coherent radio emission (short-lived bursts and spikes, broad-band continuum) 
was observed with the VLA. It was co-temporal, but not co-spatial with the 
flares. 

Interpretation: 

In some flares, electrons were accelerated near the main flare site and were 
transported far away. In other flares, the observations suggest secondary 
acceleration, possibly triggered by the main flare, but potentially completely 
independent of it. 
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RHESSI 18-22 keV
RHESSI 25-50 keV

dm radio emission

Context: Multiple acceleration instances and sites in the 
literature   
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Figure 1. Temporal evolution of radio and X-ray emission during the B1.7-class flare on 2012 February 25 (SOL2012-02-
25T20:50:34). Top: VLA dynamic spectrum showing the total flux computed from the radio images for each frequency-time
pixel in the observation. Each pixel has a size of 4 MHz and 1 s in frequency and time respectively. The second panel shows
the frequency averaged VLA spectrum from 1.65 GHz to 2.03 GHz. The inset shows 5 distinct radio bursts marked by letters.
The third panel shows X-ray light curves from RHESSI and GOES.

ditional longer loop that connects the southern ribbon
with the eastern end of the northern ribbon.

3. RADIO AND X-RAY ANALYSIS

The VLA observations had a frequency coverage of 1
GHz to 2.03 GHz (� = 15–30 cm) with a spectral reso-
lution of 1 MHz and temporal resolution of 1 second in
both the right-hand- and left-hand-circular polarization
(RCP and LCP). The spectral range of the observation
was divided uniformly into 8 spectral windows. Each
spectral window had 128 1-MHz-wide frequency chan-
nels. The observations were taken in the C configura-
tion of the VLA, which had a maximum baseline length
of ⇠3 km. A total of 27 antennas (i.e., the full array)
were used for the observation. This provides an angular
resolution, represented as the full width half maximum

(FWHM) of the synthesized beam, of 1500 by 1000 at
2 GHz, which is inversely proportional to the observ-
ing frequency (1/⌫GHz). RHESSI observed this event
in its standard observing mode. It had completed an
annealing procedure of its germanium detectors three
days prior to the present observations, which resulted
in seven out of nine detectors being in optimal working
condition with good sensitivity and spectral resolution.

3.1. X-ray imaging and spectral analysis

Using the standard RHESSI data analysis package
in the IDL SolarSoftware, we produced images and
spectra between 20:46 UT and 20:59 UT, using 60 sec-
onds time integration to ensure high enough count rates,
except for the time interval between 20:47 UT and
20:48 UT which was split into two intervals lasting from
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Figure 8. Evolution of the AIA 94 Å EUV ribbons (black and white image, color table inverted), X-ray RHESSI sources
(magenta and blue contours) and VLA radio centroid (crosses) positions. The RHESSI contour levels are at 65%, 75%, 85%
and 95% w.r.t map’s peak. The AIA and RHESSI images are temporally closest to the radio bursts. The start times of AIA,
VLA and RHESSI images are displayed in each panel. Note that RHESSI has an integration time of 28 sec in A, B and C, but
1 minute for D and E. The colorbar indicates the frequencies of plotted radio centroids.

ray spectrum by a factor of ⇠4, while the nonthermal
density from the gyrosynchrotron fit is two orders of
magnitude higher than the RHESSI estimates. This dis-
crepancy in Elow and nnth is present in burst A through
C, a possible indication that the two instruments ob-
serve two di↵erent electron populations. Table 2 also
lists the uncertainty in each parameter. We note that
these are large, especially for bursts B and C. The dom-
inant reasons for the large uncertainties are the limited
frequency range available for gyrosynchroton fitting, and
the Signal-to-Noise Ratio (SNR) of the data. Due to the
limited frequency range, neither the peak of the spec-
trum nor the optically thin part were observed. Hence,
both, the magnetic field strength and the spectral index
are not well constrained. The rather low SNR resulted
in relatively large uncertainties of the observed spectra
and consequently large uncertainties of the fitted param-
eters. The SNR of burst A is better than burst B and
C, i.e. the spectral fit is relatively well-constrained, and
the fitted parameters are more reliable.

4. SPATIAL EVOLUTION OF FLARE
PARAMETERS

The spatial evolution of the radio bursts A, B and C
shows interesting behaviour that is discussed in more
detail in the following. Before the main bursts, the cen-
troid locations show a large scatter. During the radio
bursts, the source centroids at all frequencies become
clustered together within 7” near the northern ribbon
(e.g. Figure 8 A). The observed compact clustering
suggests a bright common radio source for all shown
radio frequencies. Figure 9 shows the temporal vari-
ation of the radio centroid locations at a representa-
tive frequency of 1.7 GHz. The radio centroid location
varies during the flare. A distinct change in the cen-
troid location of the radio source is seen during each
burst. Since the observed displacement in the centroids
in Figure 9 is co-temporal with the brightness temper-
atures of the bursts (Figure 6, top panel), these dis-
placements are significant and real. We also computed
positional uncertainties (�X,Y ) for the radio sources by

Secondary acceleration 
associated with an 
erupting flux rope 
(Carley et al. 2016) 

Two different, simultaneous 
electron populations during a 
small flare (Sharma et al. 2020)

Secondary 
acceleration 
associated with CME 
( Battaglia et al. 
2009)
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Flares originated at three different locations
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Discussion  
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Figure 3. Top row: Locations of X-ray sources at 4�8 keV relative to EUV emission in the FeVIII line (left) and an HMI
magnetogram (right). On the AIA FeIIXX-image the X-ray sources are indicated by the 50%, 70%, and 90% contours of RHESSI
CLEAN. Numbers next to the sources give the flare number according to the legend on the right. On the right, the location
of maximum emission in RHESSI images is indicated by crosses. Here, the location of weaker X-ray sources during F1 and F4
are also indicated near coordinates [650,300] and [680,260], respectively. Di↵erent symbols are used for better visibility with
arbitrary symbol size. The starting times of the RHESSI images are given to the right in the respective colors along with the
flare number. Bottom row: AIA 171 Å image and HMI image overlaid with the frequency-averaged location of the radio sources
associated with each flare. The size of the cross gives the standard deviation of the frequency-dependent source locations. For
better visibility, the location and standard deviation of the spike locations is indicated with an ellipse. The locations of F6b
and F6s are marked, respectively.

These are shown in Figure 4, overlaid on a composite
AIA image and individually over AIA171Å images. The
color table in the EUV images was adapted such that
faint loops become more visible. For F5 and F6 we re-
stricted us to centroid locations for which the maximum
flux of the source was larger than 0.3 MK. As mentioned
before, none of these sources coincide with any of the X-
ray sources. F5 shows a systematic displacement of the
centroid location as a function of frequency perpendic-
ular to a large, faint loop visible at 171ÅḞ6b and F6s
originate from about the same location, close to a fan-
like structure. The scatter of the frequency-dependent
centroids in F6b is considerable and there is no clear

trend, other than that lower frequencies seem to orig-
inate preferentially toward north of higher frequencies.
Within F6s, the scatter is smaller than in F6b, but again
nor systematic displacement of the locations as function
of frequency can be observed.

4.2. Spectra

4.2.1. X-ray spectra

Table 2 summarizes the results from the spectral
fitting as described in Section 3.1. As an example
of a fitted spectrum, Figure 2 shows the background-
subtracted count rate spectrum of F4. The background-
subtracted count-rate above 10 keV was around the

white: approximate location of X-ray flares 
yellow: approximate location of radio bursts  
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Conclusions
Even microflares can be surprisingly complex with multiple 
acceleration sites and complex loops systems along which electrons 
are transported.

RHESSI 2021

Electrons are accelerated at 
flare site and transported 
away 
to where we observe their 
signatures
(flare no. 7, possibly 4 and 5)

Electrons are 
accelerated at a
secondary 
acceleration site, 
triggered by primary 
flare 

Coincidence! 

Three scenarios


