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Abstract
We investigated the quasiperiodic pulsations (QPPs) of the X1.2 solar flare (SOL2023-01-
06T00:57) based on multi-instrument observations, especially the Hard X-ray Imager (HXI)
on board the Advanced Space-based Solar Observatory (ASO-S). The quasiperiod of ≈ 27 s
was identified in hard X-rays (HXR) and microwaves using the Markov Chain Monte Carlo
method, while no corresponding oscillation was found in soft X-rays. The HXI imaging
demonstrates that HXR pulsations arise from the double-footpoint HXR sources. Moreover,
the fluctuation of ≈ 27 s period was also present in the nonthermal electron power-law index
derived from the X-ray spectra, which is the signature of periodic electron acceleration/pre-
cipitation during the impulsive phase. The electron spectral indices not only exhibited the
well-known “soft–hard–soft” evolution, but also showed the negative correlation with the
HXR pulsations. These results suggest that QPPs directly originate from quasiperiodic in-
jections of accelerated electrons into flare-loop footpoints. We also discuss the possible gen-
eration mechanisms for QPPs.

Keywords Oscillations · Solar · Flares · Impulsive phase · X-ray bursts · Association with
flares · Radio emission

1. Introduction

Quasiperiodic pulsations (QPPs), the fluctuation of electromagnetic emissions (light curves),
are common phenomena in solar and stellar flares. The statistical study of solar flares QPPs
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clearly demonstrates that QPPs are present in many flares (Simões, Hudson, and Fletcher,
2015; Inglis et al., 2016; Pugh, Broomhall, and Nakariakov, 2017; Dominique et al., 2018;
Hayes et al., 2020). QPPs are observed across the entire electromagnetic spectrum, with
characteristic periods ranging from subseconds to several minutes (Nakariakov and Mel-
nikov, 2009; Van Doorsselaere, Kupriyanova, and Yuan, 2016; McLaughlin et al., 2018;
Kupriyanova et al., 2020; Zimovets et al., 2021).

Many mechanisms have been proposed to explain the observations for QPPs. In general,
two main categories can be found, i.e. the modulation by magnetohydrodynamic (MHD)
waves in coronal magnetic loops and quasiperiodic magnetic reconnection. In the interpreta-
tions by MHD waves, the emissions are modulated by eigenmodes of flare-loop oscillations,
in which the sausage (Melnikov et al., 2005; Tian et al., 2016; Li et al., 2020), kink (Kolotkov
et al., 2015; Yuan and Van Doorsselaere, 2016a,b; Li et al., 2018; Nakariakov et al., 2021),
and slow modes (Wang et al., 2003; Reznikova and Shibasaki, 2011; Wang et al., 2021)
may all be candidates for generating QPPs. In the scenario of quasiperiodic magnetic re-
connection, charged particles are accelerated periodically to produce enhanced emissions.
The reconnection processes could be spontaneous (McLaughlin, Thurgood, and MacTag-
gart, 2012; Thurgood, Pontin, and McLaughlin, 2017, 2019; Karampelas et al., 2022) or
periodically triggered by external waves (Nakariakov et al., 2006; Chen and Priest, 2006;
Inglis and Nakariakov, 2009; Li et al., 2022).

The imaging observation of QPPs allows us to analyze the spatial locations of pulsations,
which is crucial for understanding the nature of QPPs. With the HXR imaging analysis, it
was found that pulsations may originate from flare-loop tops or footpoints, or both of them
(Asai et al., 2001; Li and Gan, 2008; Huang et al., 2016; Yuan et al., 2019; Clarke et al.,
2021; Li and Chen, 2022). Additionally, the microwave imaging also reveals important in-
formation about QPP sources, such as the flare loop and footpoints (Melnikov et al., 2005;
Kupriyanova et al., 2010; Reznikova and Shibasaki, 2011; Zimovets, Kuznetsov, and Stru-
minsky, 2013; Kolotkov et al., 2015; Huang et al., 2016) and even the reconnection current
sheet (Kou et al., 2022).

In this article, we analyzed the QPPs in an X1.2 flare (SOL2023-01-06T00:57) using
multiwavelength observations, including extreme ultraviolet (EUV), white-light, soft X-rays
(SXR), hard X-rays (HXR), and microwaves. Based on the HXR imaging and X-ray spectral
analysis, the evidence of periodic electron acceleration/precipitation was obtained. Section 2
presents the observations and instruments, followed by the data analysis in Section 3. The
discussion and conclusion are shown in Section 4.

2. Observations and Instruments

An X1.2 solar flare (SOL2023-01-06T00:57) occurred in active region NOAA 13182 (S20
E81) located near the eastern limb of the solar disk. According to SXR fluxes recorded by
the X-ray Sensors (XRS) on board the Geostationary Operational Environmental Satellite
(GOES), it started at 00:43, peaked at around 00:57, and ended at 01:07 UT. This event
was well detected by several instruments, as shown in Table 1, including the Atmospheric
Imaging Assembly (AIA; Lemen et al., 2012) on board the Solar Dynamics Observatory
(SDO; Pesnell, Thompson, and Chamberlin, 2012), the Hard X-ray Imager (HXI; Su et al.,
2019; Zhang et al., 2019), the White-light Solar Telescope (WST) of the Lyman-alpha (Lyα)
Solar Telescope (LST; Li et al., 2019) on board the Advanced Space-based Solar Obser-
vatory (ASO-S; Gan et al., 2019, 2023), the Spectrometer/Telescope for Imaging X-rays
(STIX; Krucker et al., 2020) on board the Solar Orbiter (SolO; Müller et al., 2020), the
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Table 1 Observational instruments and data used in this study.

Instrument Wavelength Cadence
(s)

Pixel size
(arcsec)

Description Dimension

GOES/XRS 1 – 8 Å ≈ 1 – SXR 1D

SDO/AIA 94, 131 Å 12 0.6 EUV imaging 2D

1600 Å 24 0.6 UV imaging 2D

ASO-S/HXI 15 – 25, 25 – 50, 50 – 84 keV 0.5 – HXR/SXR 1D

15 – 20, 25 – 50, 50 – 84 keV – 2 Imaging 2D

10 – 300 keV 4 – Spectra 1D

ASO-S/LST/WST 360 nm 120 0.5 White-light imaging 2D

SolO/STIX 15 – 25, 25 – 50, 50 – 84 keV 0.5 – HXR/SXR 1D

4 – 150 keV 4 – Spectra 1D

Fermi/GBM 50 – 101 keV 1 – HXR 1D

KW 20 – 80 keV 0.5 – HXR 1D

NoRP 17, 35 GHz 1 – Microwave 1D

CBS 35.25 – 39.25 GHz ≈ 0.53 – Microwave 1D

Fermi Gamma-ray Burst Monitor (GBM; Meegan et al., 2009), the Konus-Wind (KW; Ly-
senko et al., 2022), the Nobeyama Radio Polarimeters (NoRP; Nakajima et al., 1985), and
the Chashan Broadband Solar millimeter spectrometer (CBS; Shang et al., 2022, 2023;
Yan et al., 2023; note that it is the first solar-dedicated radio spectrometer in the millimeter
regime).

ASO-S/HXI has a higher temporal cadence in the burst mode and hence the light curves
were interpolated to the uniform 0.5 s in this study. Likewise, the time series of Fermi/GBM
and KW were interpolated to lower cadences of 1 s and 0.5 s, respectively.

In contrast to these near-Earth assets, SolO/STIX was at a distance of 0.95 AU from the
Sun, and its position with respect to solar longitude was ≈ 23.6◦ east from the Sun–Earth
line at the time of the event.

Figures 1a–c show the AIA 94 Å, 131 Å, and 1600 Å images taken at the impulsive
phase of the flare. The AIA 94 Å and 131 Å passbands reflect the flaring plasma with the
characteristic temperature of ≈ 6 MK and ≈ 10 MK, respectively. The AIA 1600 Å flare
excess emission is of chromospheric origin (Simões et al., 2019). From the AIA movie
(aia94_movie.mp4), we can see the underlying bright compact “postflare” loops accompa-
nied by the overlying large-scale eruption and the fall of matter. This event was a double-
ribbon flare, the two ribbons were connected by flare loops with the prominent cusp struc-
ture above the loops. Furthermore, the contours of HXI images of three energy bands are
overlaid, the contour levels represent 25%, 50%, and 75% of the peak intensity. At the be-
ginning of the eruption (panel a), the 25 – 50 keV band (cyan) shows double HXR sources,
while the 50 – 84 keV (magenta) shows a single source. Subsequently, both 25 – 50 keV and
50 – 84 keV bands show double sources, which coincide with the footpoints of EUV com-
pact loops. The lower energy band 15 – 20 keV (red) exhibits some ejected structures, as
well as the footpoints and loop structures. The HXR images are reconstructed by the HXI
Clean method (HXI pattern-based Clean algorithm) using the detectors from D19 to D91,
since the fine grids (i.e. D1 – D18) still need to be carefully calibrated. Figure 1d illustrates
that the white-light brightening shows the same location as the HXR sources. This flare has
also been confirmed as a white-light flare by Jing et al. (2024).
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Figure 1 (a) AIA 94 Å, (b) 131 Å, and (c) 1600 Å images taken during the impulsive phase of the flare. The
HXR contours of three energy bands are overlaid. The contour levels are 25%, 50%, and 75% of the peak
intensity. (d) LST/WST 360 nm white-light image with overplotted HXR contours.

3. Data Analysis

3.1. The Identification of QPPs

QPPs were identified as intensity fluctuations above the noise level. In this study, the Markov
Chain Monte Carlo (MCMC) method was used to recognize the oscillatory signals. The
details of the MCMC method for detecting periodic signals can be seen in previous literature
(Vaughan, 2005, 2010; Inglis, Ireland, and Dominique, 2015; Inglis et al., 2016; Hayes et al.,
2019, 2020; Liang et al., 2020; Guo et al., 2023; Shi et al., 2023). This method fits the
Fourier power spectral density (PSD) of a time series with a model and determines the best-
fit parameters. We selected the three-parameter model, which is a power-law plus a constant,
i.e. M = Af −α + C, where f is the Fourier frequency, Af −α and C reflect the properties of
red and white noise in Fourier PSD, respectively.

Figure 2 plots the time series and their MCMC simulation results for multiwave-
lengths, including the HXI 50 – 84 keV (panel a), 25 – 50 keV (panel c), 15 – 25 keV
(panel e), STIX 50 – 84 keV (panel b), 25 – 50 keV (panel d), 15 – 25 keV (panel f),
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Figure 2 (a) The HXI 50 – 84 keV intensity (blue) and its slowly varying components (orange) in the left
panel. The Fourier PSD (blue), best-fit (red solid), and the 95% confidence level (red dashed) in the right
panel. The vertical orange line represents the cutoff threshold between rapidly (high-) and slowly varying
(low-frequency) components. The prominent peak of ≈ 27 s is also marked. (b)–(m) Similar to (a), results
for other instruments and wavelengths. For the (e)–(f) and (i)–(j), slowly varying components were not plotted
because the ≈ 27 s QPPs are not detected in these wavelengths.
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Fermi 50 – 101 keV (panel g), KW 20 – 80 keV (panel h), GOES 1 – 8 Å (panel i), 1 – 8
Å derivative (panel j), NoRP 17 GHz (panel k), NoRP 35 GHz (panel l), and the CBS
39.25 GHz (panel m). As shown in Figure 2a, the intensity (blue) and its slowly varying
components (orange) are plotted in the left panel, while the Fourier PSD (blue), best-fit
(red solid), and the 95% confidence level (red dashed) are plotted in the right panel (pe-
riodogram). The PSD at the position of ≈ 27 s shows a prominent peak above the 95%
confidence level, indicating that the period of QPPs in HXI 50 – 84 keV is about 27 s.
Figure 2c shows a similar peak of ≈ 26 s in HXI 25 – 50 keV, but it seems to have just
reached the 95% confidence level. Likewise, STIX 50 – 84 keV (≈ 24 s), STIX 50 – 84 keV
(≈ 26 s), Fermi 50 – 101 keV (≈ 24 s), Fermi 50 – 101 keV (≈ 24 s), KW 20 – 80 keV
(≈ 24 s), NoRP 35 GHz (≈ 27 s), and CBS 39.25 GHz (≈ 27 s) all appear to have just
reached the 95% confidence level, while NoRP 17 GHz (≈ 26 s) shows a peak above that.
However, GOES 1 – 8 Å and its derivative (an approximation for the HXR), HXI 15 – 25 keV,
and STIX 15 – 25 keV, do not show any definite periodic signals above the red-noise level,
which suggests that the absence of ≈ 27 s QPPs in SXR and HXR below 25 keV. There-
fore, our observation confirms the existence of ≈ 27 s QPPs in HXR above 25 keV and
microwaves.

The presence of a period of about 27 s is convincingly shown. It is also notable that the
PSD in Figure 2 show peaks with a frequency of about ≈ 10 s, near the 95% confidence
level above the red-noise level, which may be another quasiperiodic signal. Additionally, as
shown in the GOES 1 – 8 Å derivative curve, there are some clear pulsations with a period of
≈ 10 s. Although these oscillations are higher than the random white noise in Fourier space,
rather than the red noise, they are indeed likely to be the ≈ 10 s QPPs signals.

3.2. QPPs in Nonthermal Emissions

After identifying the ≈ 27 s QPPs, it is natural to decompose the light curves into rapidly
and slowly varying components via the fast Fourier transform (FFT) method. A value of
50 s (0.02 Hz) was adopted as the cutoff threshold between rapidly (high-) and slowly vary-
ing (low-frequency) components, as marked by the vertical orange line in the periodogram
in Figure 2. Figure 3a plots the self-normalized light curves between 00:54 and 00:59 UT,
including the GOES 1 – 8 Å (purple), HXI 15 – 25 keV (dark blue), 25 – 50 keV (black),
50 – 84 keV (blue), STIX 15 – 25 keV (orange), 25 – 50 keV (red), 50 – 84 keV (green),
Fermi 50 – 101 keV (gold), and the KW 20 – 80 keV (pink). Figure 3b plots the CBS spec-
trum with the microwave light curves (NoRP 17 GHz, 35 GHz, and CBS 39.25 GHz) over-
plotted. The HXRs exhibit similar pulsations as the microwaves during the impulsive phase,
i.e. 00:55 – 00:57 UT, as marked by the gray background. Figure 3c shows the correspond-
ing rapidly varying components that are obtained from the FFT method mentioned above.
Morlet-wavelet analysis was performed on the rapidly varying components to determine
the periodicity. This routine was provided by Torrence and Compo (1998). Figure 3d plots
the wavelet power spectra of the detrended HXI 50 – 84 keV emission, and the 95% sig-
nificance level is marked. The significant period of ≈ 27 s is found in the global power
spectrum, which is consistent with the periodicity found in the MCMC simulation. As for
the ≈ 10 s signal mentioned before, the corresponding weak signatures are also visible on
the wavelet spectrum, almost simultaneously with the ≈ 27 s oscillation, which could be the
sign of second or third harmonics.

Both the HXR and microwave emissions here are caused by nonthermal electrons – by
nonthermal bremsstrahlung for HXR, and gyrosynchrotron emission for microwaves. Fig-
ure 4 gives the crosscorrelation diagrams between the rapidly varying components of HXI
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Figure 3 (a) The self-normalized light curves between 00:54 and 00:59 UT, including the GOES 1 – 8 Å
(purple), HXI 15 – 25 keV (dark blue), 25 – 50 keV (black), 50 – 84 keV (blue), STIX 15 – 25 keV (orange),
25 – 50 keV (red), 50 – 84 keV (green), Fermi 50 – 101 keV (gold), and the KW 20 – 80 keV (pink). (b)
The CBS spectrum with the microwave light curves (NoRP 17 GHz, 35 GHz, and CBS 39.25 GHz) are
overplotted. (c) The rapidly varying components of light curves at 00:55 – 00:57 UT. (d) The Morlet-wavelet
spectra of the detrended HXI 50 – 84 keV emission. The 95% significance level is also marked.

50 – 84 keV and that of other wavelengths at 00:55 – 00:57 UT. Their correlation coefficients
(CCs) are also labeled. The HXI 50 – 84 keV data are interpolated to the same temporal res-
olution as Fermi, NoRP, and CBS. These diagrams show good positive correlation, with the
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Figure 4 The intensity fluctuations at HXI 50 – 84 keV vs. at (a) HXI 25 – 50 keV, (b) STIX 25 – 50 keV, (c)
STIX 50 – 84 keV, (d) Fermi 50 – 101 keV, (e) KW 20 – 80 keV, (f) NoRP 17 GHz, (g) NoRP 35 GHz, and
(h) CBS 39.25 GHz at 00:55 – 00:57 UT. The correlation coefficient (CC) is also added.

CCs all larger than 0.54 and the maximum as high as 0.83, which is sufficient to illustrate
the almost inphase oscillations between HXRs and microwaves.

3.3. QPPs of Nonthermal Electron Spectral Index

We also performed X-ray spectral analysis on the HXI and STIX data during the im-
pulsive phase (i.e. 00:55 – 00:57 UT) using the Object Spectral Analysis Executive (OS-
PEX) software package within the Solar SoftWare (SSW). These spectra were obtained
over time intervals of 4 s and fitted by single-temperature thermal bremsstrahlung (vth)
plus a nonthermal thick-target single power-law (thick2_vnorm) model. These fits also in-
cluded the isotropic albedo correction (Kontar et al., 2006), i.e. the actual fit model was
“vth+thick2_vnorm+albedo”. Figure 5 shows four examples of fitting results around the
time of the HXR peak, in which panels a and b show the HXI spectral fitting, and panels c
and d show the STIX result. The black profiles are the background-subtracted spectral data
with error bars, and the fitting thermal (blue) and nonthermal components (green) are over-
plotted. The reduced residuals are shown at the bottom of the spectra, which represent the
deviation between the spectral data (black) and total fitting (red). The vertical red lines indi-
cate the upper and lower limits of energy bands for fitting. The derived physical parameters
are also given.

In terms of thermal parameters, the differences in plasma temperature (T ) between
HXI and STIX were not significant, with values of ≈ 19 MK and ≈ 21 MK, respec-
tively, but there were minor differences in the emission measure (EM). The EM was ap-
proximately (3.96 – 4.42) × 1049 cm−3 for HXI, while it was (0.73 – 0.90) × 1049 cm−3 for
STIX during the same time interval. This discrepancy in the thermal component is most
likely due to the fact that the STIX spectral fits go down to 4 keV and also have a higher
energy resolution at low energies as compared to HXI, for which 12 keV was used as
the minimum energy. In contrast, the fitted nonthermal parameters showed a very good
agreement. The electron fluxes for HXI and STIX were estimated to be (5.11 – 5.95) and
(4.90 – 5.72) × 1033 s−1 keV−1. Additionally, the nonthermal electron spectral indices (δ)



QPPs in the Impulsive Phase of an Eruptive Flare Page 9 of 16 30

Figure 5 (a) and (b) HXI spectra and fitting results with the “vth+thick2_vnorm+albedo” model. Shown
is the background-subtracted spectral data (black) with error bars, the thermal (blue) and nonthermal fitting
components (green), and the total fit (red). The reduced residuals are shown at the bottom of the spectra. The
vertical red lines indicate the lower limit of the energy range used for fitting. The fitting parameters are also
given. (c) and (d) Similar to (a) and (b), for the STIX spectra and fitting results.

were almost the same considering the sigma (σ ) error, and the low-energy cutoffs (Ec) of
HXI (≈20 keV) were only marginally larger than that of STIX (≈18 keV).

Figure 6a shows the temporal evolution of nonthermal electron spectral indices (red for
HXI, blue for STIX) from 00:55 to 00:57 UT, with the light curve of HXI 50 – 84 keV
overplotted. The spectral indices of HXI and STIX not only show the well-known “soft–
hard–soft” trend (Benz, 1977; Brown and Loran, 1985; Lin and Schwartz, 1987; Fletcher
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Figure 6 (a) The temporal evolution of nonthermal electron spectral indices (red for HXI, blue for STIX)
from 00:55 to 00:57 UT, and the normalized intensity of HXI 50 – 84 keV. (b1) and (b2) The correlation
between the detrended spectral index and the detrended HXR intensity. (c) The Morlet-wavelet spectra of the
detrended spectral index. The 95% significance level is also marked.

and Hudson, 2002; Grigis and Benz, 2004), but also show the negative correlation with the
HXR emission. In order to investigate this correlation, Figure 6b1 plots the detrended HXI
spectral index and the detrended HXR intensity, which were derived with the same FFT
method as above. To compare with the spectral index, the detrended HXR intensity had
been interpolated to the temporal resolution of 4 s. Figure 6b2 plots the correlation between
the detrended spectral index and HXR intensity. Although panel b2 exhibits a good negative
correlation, the CC is only −0.58, which could be caused by the calculation using only 24
points. We also performed the wavelet analysis on the detrended spectral index, as shown in
Figure 6c. The Morlet-wavelet spectra show a peak at ≈ 27 s, reaching the 95% significance
level, which is consistent with the period of QPPs analyzed before. The same dominant
period implies the origin of QPPs, i.e. the periodic electron acceleration/precipitation during
the impulsive phase.
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4. Discussion and Conclusion

We studied the QPPs of the X1.2 solar flare (SOL2023-01-06T00:57) based on multi-
instrument observations. The ≈ 27 s QPPs were identified in HXRs and microwaves during
the impulsive phase, but not found in the SXR thermal emission. The weak signatures of
another quasiperiod of ≈ 10 s were also present, which may be the sign of second or third
harmonics. Spatial analysis of HXI imaging demonstrates that HXR pulsations originate
from the double-footpoint HXR sources. Furthermore, the nonthermal electron spectral in-
dices also show the ≈ 27 s oscillation via the X-ray spectral analysis using HXI and STIX
data. Our results support the scenario of quasiperiodic injections of accelerated electrons,
in which periodic electrons spiral along magnetic field lines in flare loops to generate mi-
crowaves, and then precipitate into the chromosphere at the double footpoints to produce
HXR emissions.

Figure 1 indicates that there are remote hook-like flare ribbons and in general the devel-
opment of this flare resembles a picture of the three-dimensional (3D) standard flare model
(e.g. Janvier et al., 2014). Although after around 01:05 UT, well after the end of QPPs, the
eruption observed in EUV stopped, i.e. the flare was accompanied by a confined eruption
and a coronal mass ejection was not observed in white light in this event. In this scenario,
a slipping reconnection may occur in the current layer, which may be accompanied by a
displacement of HXR sources along the magnetic polarity-inversion line. There are observa-
tions indicating that such magnetic reconnection can occur in a quasiperiodic mode in some
flares (Li and Zhang, 2015; Li et al., 2016). A simulation work performed by Thurgood,
Pontin, and McLaughlin (2017) demonstrated that reconnection at 3D magnetic null points
can proceed naturally in a time-dependent and periodic fashion, illustrating that oscillatory
reconnection likely plays a role in the observed QPPs.

QPPs accompanied by motions of HXR sources along a polarity-inversion line can be
also interpreted in terms of quasiperiodic triggering or modulation of magnetic reconnec-
tion in a current sheet by slow magnetoacoustic waves (Nakariakov and Zimovets, 2011) or
by flapping oscillations (Artemyev and Zimovets, 2012). However, due to the observation
perspective of this flare arcade, or due to limited angular resolution of the used HXI colli-
mating grids, motion of HXR sources was hard to observe in this event. This does not allow
us to conclude which of these mechanisms is the more probable as the origin of QPPs.

There are other theoretical works (models) showing the possibility of quasiperiodic mod-
ulation of physical parameters in the cusp region, the signs of which are observed in this
flare. Takasao and Shibata (2016) revealed the above-the-loop-top oscillation controlled by
the backflow of the reconnection outflow, which then excited quasiperiodic propagating fast-
mode magnetoacoustic waves (QPFs), a model known as a “magnetic tuning fork”. They
also found that the above-the-loop-top region presented shocks and waves, as well as the
periodic variation of the termination-shock strength. The termination shock is a promising
driver for particle acceleration in flares (Chen et al., 2015). This means that electrons could
be accelerated periodically through this physical process located at the above-the-loop-top
region.

QPPs with short periods were generally interpreted as sausage modes in terms of MHD
waves (Nakariakov, Melnikov, and Reznikova, 2003; Melnikov et al., 2005; Inglis, Nakari-
akov, and Melnikov, 2008; Van Doorsselaere et al., 2011; Kolotkov et al., 2015). Tian et al.
(2016) found strong evidence for trapped sausage modes, which explained the ≈ 25 s QPPs.
However, in this study, due to the explosive and highly dynamic nature of the impulsive
phase, the standing MHD waves may not be effectively established in the flare loops.

We report here some of the first observations obtained with new instruments, which show
the capabilities to investigate QPPs using the joint observations of HXI and STIX. In the
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future, we will apply this to more events to obtain statistically sound results. For example,
Collier et al. (2023) found periods across the range of 4 – 128 s in a study of several STIX
flares, and the joint observation may help to investigate the causes of the variation of the
QPP periods.

Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1007/s11207-024-02272-4.
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