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ABSTRACT

Context. Betelgeuse is a red supergiant (RSG) that is known to vary semi-regularly on both short and long timescales. The origin of
the short period of Betelgeuse has often been associated with radial pulsations, but could also be due to the convection motions present
at the surface of RSGs.

Aims. We investigate the link between surface activity and the variability of the star.

Methods. Linear polarization in Betelgeuse is a proxy of convection that is unrelated to pulsations. Using ten years of spectropolari-
metric data of Betelgeuse, we looked for periodicities in the least-squares deconvolution profiles of Stokes /, Q, U and the total linear
polarization using Lomb-Scargle periodograms.

Results. We find periods in linear polarization signals that are similar to those in photometric variability. The 400 d period is too close
to a peak of the window function of our data, but the two periods of 330 d and 200 d are present in the periodogram of Stokes Q and
U, showing that the variability of Betelgeuse can be interpreted as being due to surface convection.

Conclusions. Since the linear polarization in the spectrum of Betelgeuse is not known to vary with pulsations, but is linked to surface
convection, and since similar periods are found in the time series of photometric measurements and spectropolarimetry, we conclude

that the photometric variability is due to the surface convective structures, and not to any pulsation phenomenon.
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1. Introduction

Betelgeuse is a prototypical red supergiant (RSG), known to be a
semi-regular variable. Several periods can be found in the liter-
ature, usually clustered around the long secondary period (LSP)
of 2000 d, plus shorter periods around 400 and 200 d (Kiss et al.
2006). The origin of the LSP remains a source of discussion:
some have tried to find the explanation of the LSP in the life-
time of the large convective cells present at the surface of RSGs
(e.g Stothers 2010), while others have invoked a magnetic field
(Wood et al. 2004). The shorter periods of 400 and 200 d are
given a different origin from that of the LSP, and are tradition-
ally attributed to radial pulsation, the 400 d period being the
fundamental mode and the 200 d the first overtone (Guo & Li
2002; Joyce et al. 2020). By studying a large sample of RSGs,
Kiss et al. (2006) found a period of 388 + 30 d, which was later
confirmed by Chatys et al. (2019). Further works have been car-
ried out to identify periods in Betelgeuse; for instance, using the
observations from the AAVSO database between 1995 and 2014,
Montarges et al. (2016) found a period of 423.59 +39 d. Fur-
thermore, Jadlovsky et al. (2023) found a photometric period of
417 + 17 d, while Joyce et al. (2020) found a period of 416 + 24 d
and identified another shorter period of 185+ 13.5 d being
attributed to the first overtone, in agreement with the historical
work of Stothers (1969).

In addition to radial pulsation, surface activity leading to ran-
dom brightness variation has also been mentioned to explain
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the variability of Betelgeuse, first theorized by Schwarzschild
(1975). More recently, Gray (2008) proposed that the 400 d
period was a consequence of convective activity. Betelgeuse is
known to present large convective cells with lifetimes on the
order of one to two years (Lépez Ariste et al. 2018) and mea-
surable changes within the span of one week. Those typical
convective timescales are also seen in numerical simulations of
RSGs, where the smallest convective granules live on a timescale
of a few weeks to a month and the largest on a timescale of a
few months up to a few years (Chiavassa et al. 2022). Bright
convection cells near the disk center will increase the integrated
brightness of the star compared with other situations where sim-
ilar cells are found near the edges. So, even without invoking the
formation of dust or other changes in opacity, it can be argued
that the simple evolution of convective patterns of the star may
create variability. This variability could be expected to be ran-
dom, but will present quasi-periodicities related to the typical
timescales of the convective patterns (Gray 2008).

At the end of 2019, Betelgeuse reached a historical minimum
in its luminosity called the Great Dimming (Guinan et al. 2020).
From interferometric and spectroscopic data, it has been pro-
posed that this event was caused by the formation of a cloud
of dust close to the line of sight (Montarges et al. 2021). Inter-
ferometric images show a drop in luminosity in the southern
hemisphere of Betelgeuse, which could be caused by a mass
loss event and lead to this dimming (Dupree et al. 2022).
Other hypotheses have also been explored, such as a drop in
temperature (Harper et al. 2020), or an increase in the molecular
opacity (Kravchenko et al. 2021). In this event, it turns out that a
change in brightness was not due to pulsation, but to a change in
the brightness distribution over the stellar disk. Since the end of
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the Great Dimming event, Betelgeuse has continued its random
variation in brightness. Quite interestingly, however, it has been
shown by Jadlovsky et al. (2023) and Dupree et al. (2022) that
the periodicity of Betelgeuse has changed since the dimming.
Using the light curves from AAVSO, the cited authors showed
that before the dimming, the dominant period of Betelgeuse was
the 400 d period, while after the Great Dimming, the main peri-
ods of Betelgeuse have shortened, oscillating between 97 d and
230 d (Dupree et al. 2022), revealing a change in the behavior
of the atmosphere of Betelgeuse. While the Great Dimming may
be seen as a singular event, such modifications of the variability
periods bring up the question of whether all changes in bright-
ness can be due to similar changes in the brightness distribution
over the disk and unrelated to any pulsation phenomenon. Our
interest in an alternative explanation of the variability in terms
of convective patterns arose. In order to address this question,
we seek typical periods of 400 and 200 d in observational prox-
ies related to the convective activity but not to any pulsation,
such as the linear polarization spectra.

Linear polarization in the atomic lines of the spectrum
of Betelgeuse, discovered by Auriere et al. (2016), has been
interpreted as the joint action of two mechanisms. The first
is the depolarization of the continuum by atoms that absorb
linearly polarized light from the continuum and re-emit unpolar-
ized light, the continuum photons being polarized by Rayleigh
scattering. This depolarization produces signals with azimuthal
symmetry over the visible disk, which would cancel out the net
linear polarization on a homogeneously bright disk. Thus, such a
mechanism of polarization must be combined with an inhomoge-
neously bright disk to produce the net linear polarization signal
observed. This interpretation suggests the possibility of map-
ping those brightness inhomogeneities. This has been achieved
by Lépez Ariste et al. (2018), who produced three-dimensional
images of the atmosphere of Betelgeuse (Lépez Ariste et al.
2022) by taking advantage of the different heights of formation
of different lines in the spectrum of Betelgeuse. The produced
images compare very well with contemporaneous images made
with interferometric techniques (Montarges et al. 2016) and show
clear convective patterns, similar to solar granulation.

Linear polarization observed in the atomic lines is therefore
a proxy of convection, unrelated a priori to radial pulsations, but
linked to the brightness inhomogeneities due to the convective
patterns in Betelgeuse. If we can find the aforementioned vari-
ability periods in linear polarization, we can conclude that these
periods are related to the convective activity that originates the
linear polarization signals. This is the purpose of the present
work.

In Sect. 2, we describe the dataset of linear polariza-
tion obtained with Narval and Neo-Narval at the two-meter
Télescope Bernard Lyot (TBL), as well as the Lomb-Scargle
periodograms used to derive periods. In Sect. 3, we seek periods
in the least-squares deconvolution (LSD) profiles of Betelgeuse
using the Lomb-Scargle periodogram. In Sect. 4, we associate
the 200 d period with the convective timescale of the small-
est granules and the 330 d periodicity with the largest granules.
We speculate on an explanation in the change of variability of
Betelgeuse before and after the Great Dimming.

2. The polarimetric data

Betelgeuse has been observed since 2013 with Narval and
Neo-Narval at the Télescope Bernard Lyot'. The polarimeter

I https://tbl.omp.eu/
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Narval observed Betelgeuse on average every month from
November 2013 to April 2019, except during the summer, rep-
resenting a total of 56 observations over 5.5 years. During this
period, Betelgeuse was observed 43% of the time between Jan-
uvary and April and 57% between September and December.
Before the Great Dimming of Betelgeuse, Narval was replaced
by Neo-Narval, which has been observing Betelgeuse since early
2020. These two instruments measure the polarization over the
visible and near infrared spectra of Betelgeuese (390-1000 nm)
with high spectral resolution (R = 65 000) and high polarimetric
sensitivity. The signal-to-noise ratios are not sufficient to mea-
sure the weak polarization signals in individual atomic lines of
the spectrum. These amplitudes are known to be on the order
of 107* times the continuum intensity, and they only excep-
tionally reach amplitudes of 107>. When these high amplitudes
are present, enough photons can be accumulated per spectral
bin to detect the linear polarization signal above noise in lines
(Auriere et al. 2016). Usually, the amplitudes of linear polariza-
tion are below noise levels. On those occasions, we have to add
up the signals of thousands of lines to increase the signal-to-
noise ratios. This addition is performed through the LSD (Donati
et al. 1997; Kochukhov et al. 2010). This technique has been
successfully used in the past to measure magnetic field distribu-
tions over stellar surfaces (e.g Donati & Landstreet 2009; Reiners
2012; Kochukhov 2021) and is now employed to produce images
of the brightness distributions in the photosphere of Betelgeuse
and other RSGs, as cited in Sect. 1. To produce the LSD profiles,
we used a solar abundance line mask, similar to the one used by
Auriere et al. (2016) and Mathias et al. (2018), which was cal-
culated from the data provided by VALD (Kupka et al. 1999),
for an effective temperature of 3750 K, logg = 0.0 and a micro-
turbulence of 4 kms™! , aligning with the physical parameters of
Josselin & Plez (2007). The mask includes approximately 15 000
lines with depths exceeding 40% of the continuum.

In this work, we examine the signals produced through the
LSD technique, which in turn produce a pseudo-spectral line
in intensity and linear polarization. This pseudo-spectral line
does not correspond to any particular atomic species, but rather
represents an average of all species present and emitting in
the photosphere of Betelgeuse. Following these procedures of
line addition, the resulting profiles carry the coherent signals
present in the photospheric lines, but the specific characteris-
tics of individual spectral lines are erased. All of this data has
been presented by Auriere et al. (2016), Mathias et al. (2018), and
Loépez Ariste et al. (2022), who also provide details on observing
times and conditions as well as a more detailed description of the
data reduction process”.

We note that all the velocities mentioned in the text or in the
figures are provided in the heliocentric frame.

3. Period search

Anyone attempting to identify periods in an astrophysical con-
text faces the challenge of unevenly spaced observed data. To
overcome this hurdle, we used the Lomb—Scargle periodogram
(Lomb 1976; Scargle 1982) as implemented in astropy (Astropy
Collaboration 2018). This method involves fitting sinusoids to
the data using least-squares with the frequency sampled between
the first and last observation. The quality of the fit determines the
power attributed to a frequency. We applied this technique to the

2 Beyond a two-year proprietary embargo, and up to technical issues,
all these data are available through PolarBase (http://polarbase.
irap.omp.eu/).
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LSD profiles of Stokes I, Q, U, and to the total linear polariza-
tion of Betelgeuse observed by the TBL with Narval from 2013
to 2019, with a total of 56 observations. We also looked at the
periodograms obtained from the dataset available post-dimming,
from 2020 to 2024. However, the base time of this dataset is
not long enough to produce meaningful periodograms. There-
fore, our focus was on periodograms computed exclusively from
data obtained before the Great Dimming with Narval.

3.1. Variability of the Stokes parameters

We first computed the Lomb—Scargle periodogram at each wave-
length of the LSD profile, ranging from —25 kms™! to +60 km s™!
with a step of 1.8 kms™' to cover the entire signal present in
the LSD profile. Lopez Ariste et al. (2018) identified the most
blueshifted signal towards —20 kms~! and interpreted it as the
maximum velocity of the rising plasma. The most redshifted
signal was often found at +40 km s, interpreted as the rest
velocity of the star. Sometimes, signals at velocities greater than
+40 kms~! can be found, with a peak in the linear polariza-
tion signal up to 50 kms~! (Ldépez Ariste et al. 2022), which
can be interpreted either as dark and cold plasma falling back to
Betelgeuse or as rising plumes of plasma located on the hidden
face of Betelgeuse, ascending so high that they appear above the
limb (Lépez Ariste et al. 2023, for the case of the RSG u Cep).
The +60 kms~! limit in the Lomb—Scargle periodograms was
set to include the occasional linear polarization peaks beyond
the velocity of the star.

Figures 1-4 show the Lomb-Scargle periodogram of the
LSD profile for Stokes 1, Stokes Q, Stokes U, and the total linear
polarization, respectively. In each figure, the upper panel depicts
the Lomb—Scargle periodogram of each velocity bin (gray lines)
along with the total average (red line). The green line repre-
sents the window function. The spectral window reflects the
pattern caused by the structure of gaps in the time sampling.
The peaks pointed out by this window cannot be interpreted
as ones related to the star. The lower panel shows the Lomb—
Scargle periodogram for each velocity bin, with the white dotted
lines marking the 400 and 200 d periods for reference. The right
panel represents the mean profile of each Stokes parameter at
each velocity bin.

Figure 1 shows the Lomb-Scargle periodogram of the LSD
of the intensity profile; we observe that the 400 and 200 d peri-
ods seem to be captured by the periodogram. However, the 400 d
period is uncomfortably close to the peak of the window func-
tion. Furthermore, both periods are located at the same HRV
and in the blue wing of the profile. Interestingly, Mathias et al.
(2018) previously found this 200 d periodicity in spectroscopic
observation, despite a shorter observation period.

Figures 2 and 3 display the Lomb—Scargle periodograms of
Stokes Q and U. These periodograms exhibit significant dif-
ferences compared to the intensity periodogram. In Fig. 2 a
prominent signal is evident around 200 d. Regarding Stokes U
in Fig. 3, it appears that the primary frequency is approximately
0.003 d~! (equivalent to a 330 d period). Other periods, such as
those at 200 d or 250 d (0.004 d~1) are present, but are difficult to
trust. From both periodograms of Stokes Q and U, we recover the
200 d period, and also the 330 d period is notable, which aligns
closely with the 400 d period reported in the literature and is
in agreement with the timescale of the hysteresis loop reported
by Kravchenko et al. (2019). Figure 4 shows the Lomb—Scargle

periodogram of +/Q? + U2, representing the total linear polar-
ization of Betelgeuse. This periodogram confirms the significant
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Fig. 1. Lomb-Scargle periodogram of the LSD profile of intensity.
The upper panel is the Lomb—Scargle periodogram for each velocity
bin (gray lines) and the average (red line). The green line is the win-
dow function. In the lower panel, the two white dashed lines mark
respectively the 400 d and the 200 d periods. The y-axis represents the
heliocentric radial velocity (HRV). The color axis marks the power of
the fit: red shows a higher power than dark blue. The right panel is the
average intensity profile for each velocity bin.
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Fig. 2. Same as Fig. 1, but for Stokes Q.
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Fig. 3. Same as Fig. 1, but for Stokes U.

powers at both 330 d and 200 d, consistent with the peri-
odograms of Stokes Q and U.
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Fig. 4. Same as Fig. 1, but for the total linear polarization: /0% + U?.

3.2. Variability of the polarimetric imaging

Using linear polarization, Lépez Ariste et al. (2018) successfully
reconstructed images of Betelgeuse, which have been compared
favorably to inteferometric images obtained by Montarges et al.
(2016). The images were produced by finding the brightness
distribution that best fits the observed linear polarization LSD
profile using a Marquardt-Levenberg minimization.

Betelgeuse is observed, on average, every month by the TBL,
enabling the tracking of its surface activity through this tech-
nique of polarimetric imaging. This technique has previously
allowed the estimation of the size and the lifetime of convec-
tive cells on the surface (Lopez Ariste et al. 2018). From these
images, we computed a photo-center, a quantity sensitive to the
size and number of convective cells. The photo-center was com-
puted from Egs. (2) and (3) given by Chiavassa et al. (2022). A
homogeneous star will have a photo-center displacement coin-
ciding with the barycenter of the star, whereas a star with one or
two large convective cells will exhibit a more significant photo-
center displacement, up to a few percent of the stellar radius in
the case of RSGs (Chiavassa et al. 2022).

Since the photo-center is linked to surface convection, it is
worth checking for periods in its dynamics over the five years
of observations of Betelgeuse before the dimming. While these
periods may overlap with those presented in the previous section,
they are likely to capture additional aspects of the phenomena at
work. However, before proceeding to search for periods in the
displacement of the photo-center, it is important to address a key
issue regarding the interpretation of these images. Linear polar-
ization suffers from a 180° degree ambiguity, as mentioned in
Auriere et al. (2016). Consequently, our images can be rotated
by 180° degree, and the brightness distribution will still fit the
observed LSD polarization profiles. If each observation were
treated independently, the algorithm’s solution could be any of
the possible ambiguous solutions. To ensure continuity between
the image series, for a given day, we use the brightness distribu-
tion of the previous day as the initial point of the fitting iteration.
The first image in the series begins its minimization iteration
with a random brightness distribution. Although we can produce
a series of consistent images, it is important to keep in mind that
the photo-center displacement computed from the series will be
affected by the initial image. To overcome this issue, we compute
the photo-center displacement from 100 different time series,
each starting from a different initial image. This approach aims
to recover ensemble properties independent of the choice of the
first image.
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Fig. 5. Lomb-Scargle periodogram of the 100 photo-center displace-
ment series of Betelgeuse. Each blue line corresponds to a Lomb—
Scargle periodogram of one photo-center displacement. The black line
is the average of the 100 periodograms. The red dashed lines represent
the 400 and 200 d period, respectively. The green line is the window
function. The black horizontal line marks the 1o confidence level.

Figure 5 shows the Lomb-Scargle periodogram of the photo-
center displacement for each of the 100 series (blue lines) and
the average Lomb—Scargle periodogram (black line). The red
dashed lines indicate the 400 and 200 d periods, respectively.
The black horizontal line represents the 1o confidence level,
which was computed from the standard deviation of the aver-
age Lomb-Scarlge periodogram. As in the previous figures, the
window function is represented by the green line. Interestingly,
we find two peaks around the 400 d period in the periodogram,
one at 0.0024 d~! and one at 0.003 d~!, that are above the 1o
confidence level. Although they are not individually significant
to confirm the presence of a similar period, these peaks are con-
sistent with the findings described in the previous section. Since
polarimetry imaging involves only surface convection, this pro-
vides further support for a variability being explained by surface
convection alone.

3.3. Variability of the light curve

After examining the periods identified by the Lomb-Scargle
technique in the polarization data obtained by the TBL over the
last years before the dimming, it is worth contextualizing them
alongside the periods traditionally identified in light curves over
the same period of time. Two aspects are of interest to us in this
comparison: the behavior of the light curve before and after the
Great Dimming.

We retrieved the light curve of Betelgeuse in the visible from
the AAVSO database for the past ten years. It is shown in Fig. 6.
Before the Great Dimming, Betelgeuse’s magnitude exhibited
variations on a yearly timescale, whereas after the dimming its
variability has shortened. Figure 6 clearly illustrates that the vari-
ability of Betelgeuse now occurs on a timescale shorter than
one year. This qualitative change has been pointed out before;
before the Great Dimming the primary period of Betelgeuse was
approximately 400 d (Kiss et al. 2006), often associated with
the fundamental pressure mode. However, after the dimming this
period seems to have vanished, and only timescales shorter than
230 d are visible (Dupree et al. 2022). No explanations have been
put forth regarding this change in variability after, or perhaps
because of, the dimming.
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Fig. 6. Light curve of Betelgeuse from AAVSO in the V-band.
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Fig. 7. Spectroscopy vs. Photometry periodograms. Upper panel:
Lomb-Scargle periodogram of the mean intensity profile presented in
Fig.1 (red line). Middle panel: periodogram of the light curve since
1990 as retrived from the AAVSO database (blue line). Lower panel:
periodogram of the light curve (orange line) from AAVSO when the
dates correspond to the TBL observations. In every panel, the green
line marks the associated window function. The 400 d and the 200 d
periods are marked by the black dashed lines.

In Fig. 7, the upper panel is the periodogram of the mean
intensity profile (red line) shown in Fig. 1. In the middle panel,
we computed the periodogram from the light curve of Betelgeuse
from 1990 to 2024, represented with the blue line. The orange
line in the lower panel depicts the periodogram computed exclu-
sively with AAVSO observations made less than two days from
our observation dates of the TBL, representing a total of 28
observations. In every panel, the green line represents the win-
dow function. For the periodogram since 1990, we binned the
observations with intervals of ten days, as Betelgeuse has been
observed more often in the 21st century (Kiss et al. 2006). This
periodogram recovers the 400 d period and also a period close
to 200 d. Other visible peaks are instead due to the windowing
effect. When focusing on the periodogram derived from the light
curve corresponding to the TBL observation dates (lower panel),
we recover the 400 d period, which is once again very close to
a peak of the window function. A smaller peak is also present
around 200 d. The comparison between this periodogram and the
one obtained from Stokes [ is important to validate our results.
Stokes 1 is linked to the total amount of light, that is the light

curve. Hence, by taking observations of the AAVSO that corre-
spond to the TBL observation dates of Betelgeuse, we should
recover the same periods as those found in the Stokes / peri-
odogram. Since we found the 400 d and the 200 d periods in both
periodograms, this validates our results. In both cases the peak
at 400 d is too close to a peak of the window function to be inter-
preted as a real peak. On the other hand, the second peak around
200 d could be interpreted as a real peak. In the future, extended
spectropolarimetric observations of Betelgeuse will be neces-
sary to smooth the window function of the TBL, and perhaps
disentangle the 400 d period from the window function.

4. Discussion

The presence of the same periods in the periodogram derived
from the AAVSO and those obtained from linear polarization,
considering the time span and sparsity of the TBL data series,
point to a common origin, which seems to be based upon con-
vective dynamics. Since we associate Stokes Q and U with
proxies of convection, we associate the 200 d period with the
typical timescales on which the Stokes parameters evolve. The
LSD profiles of Stokes Q or U undergo slight changes when
observing Betelgeuse monthly, but are completely overhauled on
timescales of several months. The Lomb-Scargle periodograms
seem to capture this spectral dynamic at periods of approxi-
mately 200 d. These changes in the profiles are directly linked to
the dynamics of the surface, to the evolution, and to movements
of convective cells across the visible hemisphere. Therefore, the
200 d period appears to be related to the evolution of the convec-
tive patterns on the surface of Betelgeuse. The stronger presence
of this peak in Stokes Q compared to U was already pointed out
by Mathias et al. (2018), and could be interpreted as a temporal
situation of how convective patterns have been distributed in the
last years.

The other period found in the total linear polarization and
Stokes U, the 330 d periods, is not so far from the 400 d
period often mentioned in the literature (e.g. Kiss et al. 2006
found a period of 388 + 30 d). It has been shown by Loépez
Ariste et al. (2018) that large convective cells can persist for
one to two years. Thus, the 330 d period could be associated
with the timescale on which the largest granules evolve. This
characteristic timescale has also been observed in the numeri-
cal simulations, and might play an important role in determining
stellar distances through the displacement of the photo-center
(Chiavassa et al. 2022). Once again, we observe the 330 d peri-
odicity to be more prominent in Stokes U than in O, which may
unravel a random situation due to convective motions in the last
years. Convective cells could arise in peculiar positions, where
the Stokes U profile remains unchanged for months, but where
Stokes Q could change on shorter timescales. This interpretation
aligns with the work of Gray (2008), who attributed the 400 d
period to large convective cells. Whether this 330 d period
and the commonly cited 400 d period are one and the same
will have to wait for extended spectropolarimetric observations
with the TBL that smooth the windowing function around these
frequencies.

Regarding the Stokes I profile, a peak closer to the 400 d
period appears, but is once again uncomfortably close to a peak
of the window function of the TBL, making it difficult to trust.
A secondary peak close to 200 d is also present in the Stokes /
profile, that we fully assimilate to the one found in the Stokes
parameters, and that we attribute to convective timescales.

Before summing up the results of our work, we would like
to propose an explanation for the variability of Betelgeuse after
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the Great Dimming with surface convection. RSGs experience
mass loss events, where plasma is ejected into the interstellar
medium (Josselin & Plez 2007). These events have been inferred
in RSGs, for example u Cep at photospheric heights, where
Lopez Ariste et al. (2023) found an excess of linear polariza-
tion beyond the limb of the star, attributing it to rising plumes of
plasma in the back hemisphere of the star. In the case of Betel-
geuse, the excess of linear polarization beyond the limb is rare
and not as pronounced as those observed in u Cep. They do not
appear to contribute to the variability of the star. However, since
the Great Dimming, the variability of Betelgeuse has changed.
This suggests that the Great Dimming differed significantly from
the usual mass loss event, that it disrupted the dynamics of the
photosphere.

In a scenario where the variability of Betelgeuse is primarily
governed by convection, the visible periods of such variability
were associated, before the Great Dimming, with the typical
timescales at which convection occurs: approximately 200 d for
the small structures and roughly 350 d for the large structures.
The Great Dimming affected the behavior of the photosphere
in such a way that the largest structures no longer evolved on
a timescale around 350 d, but rather on the shorter timescales
of the smallest convective structures, around 200 d. We hypoth-
esize that since the Great Dimming event, the photosphere has
not yet returned to equilibrium, and the largest convective struc-
tures have been disrupted by the turbulent motions present of the
photosphere in this period. This would explain why identifying
the longer periods after the Great Dimming has been difficult,
as Dupree et al. (2022) noted. We expect that the 400 d period
will gradually reappear in the coming years as the photosphere
returns to equilibrium. However speculative, this scenario pro-
vides a rough explanation of how convective activity could lead
to a change in variability since the Great Dimming that future
observations and research will confirm or disprove.

5. Conclusion

The main result presented in this work is that the same periods
identified in the light curve of Betelgeuse are also observed in
the intensity and polarization spectra measured with the TBL.
Traditionally, periods in the light curve have been associated
with pulsations due to pressure modes. However, the interpre-
tation of the linear polarization profiles is made in terms of
convective structures in the atmosphere of Betelgeuse. We pro-
pose that the true reason for the observed periodicities in both
the light curve and spectropolarimetric observations lies within
these convective structures and their temporal evolution. This is
the main conclusion of our work: since we are able to recover
the different periods in the linear polarization profiles, we can
exclude pulsation phenomena as the explanation for those peri-
odicities in the light curve. This conclusion concurs with the
scenario proposed by Gray (2008), attributing the variability of
Betelgeuse to surface convection. We also find hints in the polar-
ized spectra that lead us to associate the 200 d periodicity with
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convective dynamics, while the 400 d periodicity may be linked
to convective timescales of the largest granules.

Although of secondary importance, we can speculate on the
phenomena underlying the change in variability before and after
the Great Dimming event. We hypothesize that the Great Dim-
ming event disrupted the dynamics of the photosphere, leading
to the destruction of the largest granules by the turbulent motions
present in the non-equilibrium of the photosphere after this
event. Since this happened, the variability timescale of Betel-
geuse has shortened in adequacy with the timescale of smaller
convective cells, around 200 d. If this scenario is correct, we
expect in the near future the re-emergence of the 400 d variabil-
ity as the dominant period once the photosphere returns to some
form of equilibrium. Longer time series of spectropolarimetric
observations of Betelgeuse will be necessary to provide further
insights into this phenomenon.
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