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Solar flare pulsation spectra
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ABSTRACT

We present the results of the analysis of quasiperiodic pulsations of chromospheric emission from three solar flares.
The study is based on observational data obtained with two ground-based spectrographs: the Multichannel Flare
Spectrograph and the Horizontal-Sonnen-Forschungs-Anlage 2 of the Ondfejov Observatory (Astronomical Institute
of the Czech Academy of Sciences). The analysis of the power spectra of time profiles obtained using both spectrograms
and filtergrams is carried out. The revealed periods were compared with the results of periodicity analysis in the X-ray
and microwave ranges. For those events where the duration of observations allowed, a period close to 5 minutes was
found from both the data of chromospheric observations and the data obtained in the X-ray and microwave ranges. We
also found the periods about 1.4-1.8 and 2-3 minutes, which simultaneously appeared in all studied ranges.
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1 Introduction

Quasi-periodic pulsations (QPPs) are observed in the time
profiles of solar flares in a wide range of radiation — from
microwave and UV to radiation in chromospheric lines and
gamma-ray emission. The duration of QPP periods varies
from subseconds to tens of minutes, which indicates the dif-
ferent nature of the origin of these pulsations. There are
currently two main classes of mechanisms. The first one
associates the observed pulsations with the direct impact
of magnetohydrodynamic (MHD) waves, and the second —
with a repetitive process of magnetic reconnections (see
Kupriyanova et al., 2019, 2020). Mechanisms of two classes
often coexist and complement each other. For example, the
process of magnetic reconnection can be initiated by MHD
waves. The absence or presence of QPPs in several spec-
tral ranges, the change of properties from one spectral range
to another make it possible not only to refine the contri-
bution but also to diagnose the properties of flare plasma.
Our work is devoted to the search for QPPs in the chromo-
spheric emission of solar flares, which, on the one hand,
is the most observable and characteristic of such events.
On the other hand, the emission of this region of the so-
lar atmosphere is formed under the effect of many parame-
ters that vary over a wide range — temperature, density, and
plasma motion. For analysis we have selected three flares
of classes from C to M (SOL2011-04-22, SOL2013-05-19,
and SOL2013-05-17), the observations of which were ob-

tained at the observatory of the Czech Academy of Sciences
(Ondfejov) with the Multichannel-Flare-Spectrograph (MFS,
230 mm/13.5 m) and the Horizontal-Sonnen-Forschungs-
Anlage 2 (HSFA-2, 500 mm/35 m). We have also made use of
the time profiles in the X-ray range obtained with the Ramaty
High Energy Solar Spectroscope Imager (RHESSI) (Lin et
al., 2002), Gamma-Ray Burst Monitor (Fermi/GBM) of the
Fermi Gamma-Ray Space Telescope (Meegan et al., 2009),
and microwave observations by the Radio Solar Telescope
Network (RSTN).

Fig. 1. An example of determining the intensity integral from the
slit-jaw (filtergram in the line Ha — SJ) in the active (left) and
quiet (right) regions of the flare. The area under study, in which the
integral is got, has dimensions of 200 x 353 pixels.
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Fig. 2. a) Relationship of the power amplitude to the period P. The marked values of P correspond to 0.99, 1.98, and 4.7 min. Processed time
interval: 11:11:20-11:27:39 UT (duration 16.3 minutes); b) The graph shows the power spectrum of the data obtained by FERMI. Marked

values correspond to periods 2.97, 3.96, and 5 min.

2 Observations and processing

‘We have considered the following solar flares:

A. The class C2.6 flare on April 22,2011 occurred in the
active region NOAA 11195 (beginning at 11:07, maximum at
11:25, ending at 11:37 UT). An example of the resulting im-
age from HSFA is presented in Fig. 1. Images were recorded
with 3-second intervals. After calibrating the images we ob-
tained the intensity integral for the active and quiet regions.
Figure 2a shows the amplitude of the oscillation power rel-
ative to the period for the processed observation interval of
11:11:20-11:27:39 UT, which corresponds to the period af-
ter the flare maximum according to the GOES observations.
While constructing power spectra the fast Fourier transform
procedures with a preliminary trend subtraction were used.
Several characteristic peaks are clearly seen in the graph
with oscillation periods of 0.99, 1.98, and 4.7 minutes. From
other sources for this flare we were only able to find the
FERMI/GBM data. They are presented in Fig. 2b.

B. The C3.4 class flare on May 19, 2013 (beginning at
09:08, maximum at 09:15, ending at 09:24 UT) was observed
in the active region NOAA 11750 with MFS. Data were
recorded with 10-second intervals. The observation time in-
terval is 09:21:49-09:29:39 UT (duration 7.8 minutes). Fig-
ure 3 shows a snapshot of the studied area, and Fig. 4a il-
lustrates a power spectrum after data processing. The maxi-
mum that corresponds to an oscillation period of 1.4 minutes
is clearly seen. From external sources we found only the
RHESSI data. The power spectrum for 6-12 keV constructed
by us is shown Fig. 4b. The periods of oscillations of 0.83
and 1.4 minutes are noticeable.

C. Finally, the last flare we considered was M3.2 class
on May 17, 2013 (beginning at 08:43, maximum at 08:57,

Fig. 3. The intensity integral for the flare in the active region and
the region of the quiet chromosphere (200 x 143 pixels). The white
circle around the active region is formed by the aperture of the
instrument.

ending at 09:19 UT) in the active region NOAA 11748. The
observations were carried out with the MFS and HSFA-2
spectrographs.

The integral intensity was obtained in the way described
above (Fig. 5), and then a power spectrum was constructed.
As can be seen from the plot in Fig. 6, the oscillations with
periods of 1.0, 1.2, 2.0, 2.8, and 4.8 minutes can be distin-
guished.

The calibrated spectra obtained with the HSFA-2 spec-
trograph with an interval of 3 seconds are shown in Fig. 7.
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Fig. 4. a) Data power spectrum over SJ frames (duration 7.8 minutes). Marked values correspond to P = 1.4 min; b) RHESSI power spectrum
for 6-12 keV, P = 0.83 and 1.4 min.
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Fig. 5. Determination of the integral flare in- Fig. 6. Power spectrum, the marked values: 1.0, 1.2, 2.0, 2.8 and 4.8 min.
tensity on 05-17-2013, MFS, M3.2 for the interval
08:42:43-09:27:09 UT. The white circle is the instrument
aperture.
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Fig. 7. An example of the calibrated images of SJ (1), Ha (2), and Call H (3) obtained with HSFA-2 on May 17, 2013 at 08:59:37.753 UT.
We mark the areas for which the integral intensity was taken in the active and quiet regions of the flare.




20

Amplitude

Period, min

Amplitude
]

P
=]
T

Yu.A. Kupryakov et al.

[
=]
T

s
o
T

0 1 2 3 4 5 6 7 8

Period, min

Fig. 8. Power spectra for the interval 0841:53-0901:36 UT (duration 19.9 min). Marked values: (a) Ha — 1.66, 2.3, 3.66, 5 min; (b) Call H —

1.83, 2.33, 5 min. The dotted line marks the significance level 95%.
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Fig. 9. a) Power spectrum from the FERMI data. The top plot corresponds to the range of 6-12 keV. Marked values: 3.25, 5.0, 7.0 min;
b) Graphs are based on the RSTN data. Marked values correspond to the oscillations with periods of 2.23, 2.84, 3.67, 5.0 min.

The result of constructing the power spectra is presented in
Fig. 8.

For the FERMI 6-12 keV data, the maxima on the graph
(Fig. 9a) correspond to 3.25, 5.0, and 7.0 minutes, and for mi-
crowave dataat2.7,5.0, 8.8, and 15.4 GHz we revealed oscil-
lations with frequencies of 2.23, 2.84, 3.67, and 5.0 minutes
(Fig. 9b).

3 Conclusions

During the study, filtergrams (SJ) in the Her line and spectra
in the Ha and Call H lines were processed. Time profiles for

different parts of three solar flares were obtained: May 19,
2013 RHESSI; May 17, 2013 and April 22, 2011. The data
of chromospheric observations were supplemented with in-
formation about emission in the X-ray range (FERMI/GBM,
RHESSI), as well as for the flare on May 17,2013 with obser-
vations in the RSTN microwaves. Power spectra constructed
for the studied events indicate a sufficiently wide range of
the periods of chromospheric emission from 1 to 5 minutes.
For different flares the values have close periods and vary
slightly. Comparison of the results obtained for the event of
May 17, 2013 according to the data of two spectrographs
(Fig. 6 and Fig. 8) gives close values of the periods accord-
ing to the power spectra oscillations. We note that for the
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events in which the duration of observations was more than
15 minutes it was possible to detect reliably the presence of
a period of about 5 minutes. The periods of about 1.4-1.8
and 2-3 minutes observed in both chromospheric emission
and microwave and X-ray bands have also been found. The
detected 5-minute oscillations have the same nature as in the
study of Chelpanov et al. (2020), i.e., the flare was a mod-
ulator of oscillations already existing in the chromosphere.
Thus, the obtained results can be used to study the propaga-
tion of MHD waves in solar flares according to the method
proposed in this study. We note that the other found peri-
ods of oscillations of chromospheric emission are associated
with the propagation of MHD waves, but their origin needs
further study.
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