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Looking into dark matter with
asteroseismology

Adrian Ayala*

Institute of Astrophysics of Andalusia, Department of Stellar Astrophysics, Granada, Spain

Dark matter remains as an elusive component of modern Cosmology.
According to previous research, stellar physics observables can be affected
by the presence of hypothetical dark matter particles, which can be produced or
accreted into the stars. Stellar pulsations are among the observables affected by
dark matter, because the changes of the internal structure of the stars due to
dark matter produce variations in the pulsation frequencies. We review the
current research in the interplay between astroparticles, precise stellar
observations, and accurate asteroseismic models, which can be extremely
useful in order to constrain dark matter candidates from asteroseismic
observables.
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1 Introduction

Staying as one of the most puzzling problems in Astrophysics, dark matter has
motivated a lot of experiments and theoretical research (Bertone, 2010). The hypothetical
existence of dark matter has been supported by the mismatch between our knowledge of
Gravity and the dynamics of several systems like galaxy clusters, rotating galaxies, etc.
Although this mismatch could be also explained by the Modified Newtonian Dynamics
(MOND) hypothesis (Milgrom, 1983), many theoretical models consider that dark matter
is composed by exotic weakly interacting particles. This is an appealing possibility, if we
attend to some open questions in our description of the Standard Model (Jaeckel and
Ringwald, 2010) like, for instance, strong CP violation (Peccei and Quinn, 1977) or some
aspects of neutrino physics (Raffelt, 1999), which require invoking new particles, arising
from additional terms in the Standard Model (SM) Lagrangian.

In the theoretical frame of Quantum Field Theory, couplings between the new terms
of the Lagrangian, accounting for dark matter, and the previous ones can be expected. In
particular, these couplings can happen between the new additional terms of the dark
matter and the electromagnetic, weak or strong sectors, and they give account of the
relatively scarce interactions of dark matter and SM particles. As a consequence of this, it
is possible to calculate the rate of decay of dark matter particles into SM ones, or
alternatively the rate of production of dark matter from SM components, within several
models (Raffelt, 1999). Therefore in principle, experiments and astrophysical observations
can constrain the parameter space of many dark matter candidates, on the basis of the
phenomenology of the interactions of dark and baryonic matter.
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Stellar interiors are suitable environments to expect the
production, accretion, and/or annihilation of dark matter
(Raffelt and Dearborn, 1987; Corsico et al., 2001; Iocco, 2008;
Isern and Garcia-Berro, 2008; Scott et al., 2008; Taoso et al.,
2008; Bertone, 2010; Corsico et al., 2012; Vinyoles et al.,
2015; Isern et al, 2022), and the star life times are long
enough to be affected by continous emission fluxes of dark
matter from their interiors. Thus, the observables related to
stars and stellar populations can be significantly modified
when dark matter is introduced in the stellar models (Scott
et al., 2008; Taoso et al., 2008; Casanellas and Lopes, 2011;
Ayala et al., 2014). In particular, the observables related to
the stellar structure, like the size of the convective and/or
radiative regions, could change as a consequence of the
energy carried away for the dark matter particles (Martins
et al., 2017; Ayala et al., 2020).

As it has been demonstrated (Aerts et al., 2010), the stellar
pulsations, studied by Asteroseismology, are critically
affected by changes in the stellar structures, like those due
to hypothetical dark matter particles. In this review we justify
the use and explore the future prospects of Asteroseismology,
as a tool to constrain the dark matter. The ongoing and future
space missions, and surveys of pulsating stars, open a
promising opportunity for Asteroseismology, in order to
impose more accurate constraints on several dark matter
models, improving the previous asteroseismic bounds
derived from main sequence (Cadamuro and Redondo,
2010; Lopes and Silk, 2012; Turck-Chiéze and Lopes, 2012;
Redondo and Raffelt, 2013; Vinyoles et al., 2015) and evolved
stars (Lopes et al., 2019; Ayala et al., 2020), as well as in WDs
(Corsico et al.,, 2019, 2001). In addition, some theoretical
predictions about the pulsations of exotic stellar objects,
composed of dark matter, could be tested by means of
future observations (Panotopoulos and Lopes, 2019; Lopes
and Panotopoulos, 2020).

In this paper, we focus on the asteroseismic observables
related to the stellar structures and discuss three dark matter
candidates: weakly interacting massive particles (WIMPs),
asymmetric dark matter (ADM), and weakly interacting
slim particles (WISPs) like axions or dark photons.
Concerning the latter particles, my collaborators and I
have made some valuable contributions, constraining for
the first time dark photon properties from the study of the
pulsations of the red giant stars. We also recall that the
techniques we discuss in this work are general enough to
be applied to other particle models, apart from the
aforementioned.

This review is organized as follows: in section 2 we explore the
role of Asteroseismology in elucidating the internal structure of stars.
Section 3 explains the effects of some dark matter candidates on the
stellar evolution and structure and the way the asteroseismic
observables have been used to constrain these effects. Finally we
present a general discussion and prospects of future work in section 4.
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2 Asteroseismology and stellar
structure

Asteroseismology, the study of stellar pulsations
(Christensen-Dalsgaard, 2004; Aerts et al., 2010; Kurtz, 2022),
is nowadays a powerful technique. Part of its success is due to
space missions devoted to ultra-precise photometry like CoRoT
(Baglin et al., 2006), Kepler (Koch et al., 2010) or TESS (Ricker
et al, 2015). By means of asteroseismic techniques, stellar
parameters are inferred with an uncertainty of up to 2% on
the radius, 4% on the mass and 15% on the age for stars showing
solar-like oscillations (Silva Aguirre et al, 2017). Moreover,
Asteroseismology, enables us to pierce into the stellar
interiors, giving a useful information about the extensions of
the convective structures inside the stars, which could shade
some light on the energy transport mechanism. About this last
topic, it is worth mentioning that the period variation of the
stellar pulsations have been proposed in order to study the size
variation of the internal cavities of the stars, which is related to
the convective transport, (Kurtz, 2022). Moreover, the measured
change of periods of some white dwarfs has been proposed as a
way to look into their radiative cooling mechanisms, constraining
also some dark matter properties, like the mass of the axion
(Isern and Garcia-Berro, 2008; Isern et al., 2022).

Driven by different mechanisms of pulsation, from the
stochastic to the classical cepheids one (Aerts et al., 2010),
pulsating stars are spread throughout the Hertzsprung-Russell
diagram, the distribution of pulsating stars on the L/Ls vs. T
plane. The oscillation modes on solar-like and some giant stars
form a clear structure where p modes of consecutive radial orders
n and the same spherical degree | are separated by an almost
constant frequency distance. As it was shown by previous
research (Tassoul, 1990, 1980), the frequency pattern of these
modes satisfy:

l
Vi = Av<n+§+&)+€nz, 1)

where & is a constant of order unity and Av is a periodic spacing
known as the large separation. The large separation is defined as
the inverse of the sound travel from the surface of the star to the
core and back again, (Aerts et al., 2010)

-1
Av = zid’ 5
e |

0

where ¢(r) stands for the sound speed. Alternatively, the large
separation can be defined by means of the asymptotic formula:

Av = Vnr1l — Vnl (3)

The term €, in Eq. 1 gives rise to the small frequency
separation, 0v;, defined as

Vi = YVl = Vo112 (4)
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Whereas the large separation is sensitive to the radius, and
therefore to the stellar mass at the main sequence, the small
frequency separation is related to the core condensation and the
stellar age (Aerts et al., 2010).

Finally, we defined the ratio of small separation and large
separation as 7,

Vo = Vn-1,2

®)

To2 =
Vn1 = Vn-1,1

The aforementioned quantities can be obtained from the
periodograms of pulsating stars and are sensitive to the structure
of stellar cores, in such a way that they can be used to constraint
dark matter candidates. Among the previous studies which
proposed to use the asteroseismic parameters to bound dark

matter, we mention:

o Vinyoles et al. (2015), focused on the sound velocity
profile, in the case of the Sun.

Ayala et al. (2020) and Casanellas and Lopes (2013), about
the large separation in evolved and solar-like stars,

respectively. Casanellas and Lopes (2013) also regard the
small separation in solar-like stars.

Martins et al. (2017), focused on ry, parameter in solar-like
stars.

Corsico et al. (2019) and Isern and Garcia-Berro (2008),
which focus on the period variation of white dwarfs.

In the next sections we will review the bounds on dark matter
from these observables. In particular we point out that changes in
the large separation throughout the red giant branch could be
produced by additional energy losses, related to a kind of dark
matter candidate: dark photons. Besides the large separation,
dark photon could also influence the luminosity of the RGB tip
and bump phases, as we have proved in previous studies (Ayala
et al., 2015; Ayala et al., 2020).

3 Dark matter models and stars.
Constraints from asteroseismology

The role of stars as particle physics laboratories, or more
specifically, as dark matter probes has attained an increasing
interest in the last decades (Raffelt, 1999; Casanellas and Lopes,
2011). The main reasons are the possibility of constraining dark
matter on the basis of their hypothetical influence on stellar
structure and evolution. In addition, dark matter could drive the
formation and evolution of stars (Turck-Chiéze and Lopes, 2012)
and therefore, to have a complete understanding of stars, it is
mandatory to elucidate the hypothetical production or
annihilation of dark matter, or the energy transported by it,
inside stellar interiors.

Regarding the search of dark matter in stellar interiors, the
Sun has been more studied than other stars, due to its proximity.
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However, with the advent and refinement of space missions and
the improvements in photometry, the search of dark matter
inside stars has extended to main sequence (Casanellas and
Lopes, 2013), red giants (Ayala et al., 2020), and white dwarfs
(Isern and Garcia-Berro, 2008; Corsico et al., 2012). The
forthcoming missions as HAYDN (Miglio et al., 2021), which
aims to provide a large survey of the pulsating stars from both
Open and Globular Clusters, or PLATO (Rauer, 2021), devoted
to obtain ultra precise light curves of variable stars and planetary
transits, will hopefully make possible to analyze more in detail the
presence of dark matter in stars.

3.1 Constraints on the dark matter from
solar-like and low mass stars

As the closest star, the Sun has been observed with a detail
unavailable for other stellar objects. Besides optical, UV, and
X-ray observational data, we have information about neutrino
fluxes, gravity and acoustic measurements (Turck-Chieze and
Lopes, 2012), as well as measurements of the magnetic activity.
The study of the solar pulsations is the scope of the discipline
called which  has
observations to obtain precise data of the solar light curves
(Domingo et al., 1995; Gabriel et al., 1995; Gabriel et al., 1997).

The Sun, a potential laboratory for discovering new particles,

“Helioseismology”, motivated many

is the first target of IAXO (International Axion Observatory,
described in Armengaud et al. (2014)), which is devoted to the
detection of axions, a pseudoscalar, low-mass dark matter
candidate (Peccei and Quinn, 1977; Wilczek, 1978). According
to some models, axions can be produced inside the Sun by means
of the Primakoff process (Vinyoles et al., 2015). Besides axions,
other hypothetical light dark matter particles called dark or
hidden photons (An et al, 2014) could carry away energy
from the solar interior (Redondo and Raffelt, 2013).

Vinyoles et al. (2015) propose a global best-fit of solar
models, neutrino observations and Helioseismology, in order
to constrain axions and dark photons, both emitted from the
solar interior. The changes in the sound speed profile can be used
to discriminate among several axion and dark photon models at
the solar internal regions (/R < 0.2). In particular the variations
of the sound speed profile depend on the axion coupling to the
photon, and are also influenced by the product of dark photon
mass and dark photon-photon coupling (or kinetic mixing).
From a detailed statistical analysis, considering two different
solar compositions, Vinyoles et al. (2015) derive the constraint
84y < 4.1 x 107 GeV™" for the axion-photon coupling, and 1.8 x
107"* eV for the product of dark photon mass and kinetic mixing,
both at 30 confident level.

In addition to the search of light dark matter candidates, the
Sun has motivated several studies with the aims of constraining
massive particles. For example, some authors looked for
signatures of WIMPs (Weakly Interacting Massive Particles,
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with masses in the range of GeV) in the solar helioseismic data, as
these particles could vary the local luminosity and sound speed in
the Sun (Turck-Chiéze and Lopes, 2012). The reason is, that even
though the massive WIMPS can not be produced by thermal
processes of the plasma, they can be accreted into the star cores,
providing a certain density of dark matter in the vicinity of the
star. Thus the massive WIMPs can annihilate with their
antiparticles, releasing energy and changing the stellar
evolution predicted by models without dark matter
(Casanellas and Lopes, 2011).

A number of massive particle models, consider the existence
of an asymmetry in the number of dark matter particles and
antiparticles of dark matter. They are referred as ADM
(Asymmetric Dark Matter) models in the
(Gudnason et al., 2006; Lopes and Silk, 2012). An important

feature of these theoretical treatments is that annihilation of the

literature

accreted particles is not so important or even excluded. Therefore
the accretion of dark matter contributes more to the energy
transport inside the stars than to the existence of an additional
source of energy. As in the case of WIMPs models, most
theoretical descriptions of ADM consider either the spin-
independent or the spin-dependent interactions with baryonic
matter.

The ADM models have been constrained successfully using
asteroseismic observations and models of low mass stars
(Casanellas and Lopes, 2013; Martins et al, 2017). As a
consequence of the ADM energy transport in these stars, the
models predict that the central temperature decreases, whereas
the central density increases. Figure 1 shows these effects for
models of KIC 8006161, a star with a mass of 0.92 M, computed

]
w
ot

]
w
[=>}

log(Oy-p,sp / cm? )

18 20

10 12 14 16
my (GeV)

FIGURE 1

Theoretically predicted central temperature (upper panel, in

MK), and density (lower panel, in g cm~3), of KIC

8006161 (0.92 M,). Notice the variations with respect to the
asymmetric dark matter masses (m,) and baryon-dark matter
spin-dependent cross sections (log (g,_)). Taken from Casanellas
and Lopes (2013).
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by Casanellas and Lopes (2013). The models were performed
considering different values of ADM masses and ADM-baryon
cross sections. The authors found that these changes of the
central conditions of low mass stars could be used to impose
constraints on ADM masses and cross sections, more stringent
than the previously derived from the Sun (Taoso et al., 2010).

A key point is that this additional energy transport, due to
ADM, can reduce and eventually suppress the convective cores
that appear in main-sequence stars in the mass interval 1.1 M —
1.3 Mo, as it was also demonstrated by Casanellas and Lopes
(2013) (see Figure 2, for the case of the star HD 52265 with a mass
of 1.18 M,).

The bounds derived on ADM by Casanellas and Lopes (2013)
rely on the impact that the ADM energy transport has on the
small frequency separation: a decrease of the predicted value of
this observable, as it was obtained from the models of HD
52265 and KIC 8006161. They also verified this effect with
models of the low-mass star « Cen B (0.93 M), which they
compared with asteroseismic observations of the small
separation of this star. On the basis of this analysis, it was

A : !
— 8(1)(8) No DM HD 52265
Qﬁ* 0:06 s O = 04 GeV em™3 |
o 0.04 §
£ 0.02 .
0 1 1
0 1000 2000
B Age ( Myr )
(:l-\ T T T T T T T
g -35 + No conv. core HD 52265 -
g
Q
il .
;‘* -36 - -
& Conv. core
w0
2 _37 L 1 1 | 1 1 1
6 8 10 12 14 16 18 20
my (GeV)
FIGURE 2

Upper (A): convective core radius (rec) vs. star age, computed

for two evolution models of the star HD 52265 (1.18 M,), one of
them without dark matter (grey); the other considering the
presence of asymmetric dark matter (ADM) with mass m, =

5 GeV, cross-section 1.5 x 107*° cm?, and a density p, = 0.4 GeV
cm™® (blue). Notice that the convective core rapidly disappears at
the beginning of the main sequence. Lower (B): HD 52265 models,
at its estimated age, considering the action of ADM particles. The
vertical axis is the logarithm of the spin-dependent baryon-dark
matter cross section (log (g,_p)), the horizontal axis is the dark
matter particle mass (m,). Only some values are compatible with
the existence of a convective core (notice the transition between
the white and the gray shaded area, defining the separation
between the regions where the convective core is excluded or
not). The blue point corresponds to the ADM model with the
conditions of the upper panel. Taken by Casanellas and Lopes
(2013).
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possible to exclude the values of the ADM cross section ¢ > 3 x
107 cm?, for an ADM mass m, = 5 GeV, at 99% confidence level
(see Figure 3).

An interesting additional analysis, also focused on the ADM
particles within the spin-dependent interaction models, was
performed by Martins et al. (2017), a work which also
discusses WIMP models with low annihilation. They derive
bounds on ADM by means of the ry, parameter defined in Eq
5. The choice of ry, is motivated by the fact it is weighted towards
the stellar core, and therefore r,, is more sensitive to the effects of
ADM, which are stronger on this region (Martins et al., 2017).
The authors used a careful calibration of the Sun, a less massive
star, KIC 7871531 (0.85 M), and KIC 8379927 a star more
massive than the Sun (1.12 M). An interesting point is that the
simulations of energy transport, due to asymmetric dark matter,
show that this process is more important in the less massive KIC
7871531 star than in the Sun. This is because of the lower mass
and older age of the former, which implies that the energy
transport is a larger fraction of the luminosity and that the
star has accumulated ADM for longer. On the other hand, for the
more massive star KIC 8379927 the energy transport is more
efficient, whereas the accretion of ADM is less important than in
the Sun and KIC 7871531, due to KIC 8379927 younger age.
These outcomes implies different bounds on the ADM from each
star. For instance for a mass of the ADM m, = 5 GeV, ry, data
exclude a cross section ¢ > 6 x 107%° for the Sun; 0 > 5 x 107 for
KIC 7871531, and ¢ > 4 x 107*° for KIC 8379927.

7.0

. 6.0

g 5.0
g

8 4.0
Q

bL 3.0

& 2.0

1.0

6 8 10 12 14
(GeV)

FIGURE 3

Deviations of the observed and simulated (with ADM) small
separation values of « Cen B (0.93 M,), in units of ¢ (color map).
The deviations are plotted vs. the logarithm of the spin-dependent
cross sections (log(g,—p)), and masses in GeV, two

parameters of the asymmetric dark matter. The solid black line
shows the two o region. The dashed lines around the solid black
one indicate the observational errors. Taken by Casanellas and
Lopes (2013).
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3.2 Constraints on dark matter from
evolved stars

In this section we discuss the constraints imposed by
Ayala et al. (2020) on dark matter models from red giant
branch stars. We focused on the dark photons, which can
interact with the electromagnetic sector of the Standard
Model, being produced by means of plasmon oscillations in
the degenerate cores of red giant stars. These particles could
carry away energy from the stellar cores, affecting the
luminosities at the RGB bump and tip phases, as we have
found before (Ayala et al., 2015).

In a previous work by Khan et al. (2018) the authors looked
into the effect of introducing the core overshooting on the
pulsation models of RGB stars at the bump, finding an
increase of the average large separation. As both processes,
core overshooting and dark photon emission, could affect the
size of the internal core of the stars, we made the hypothesis that
dark photons would increase the large separation too. Therefore,
to check this hypothesis, we decided to simulate RGB stars at the
bump phase, including the production of dark photons in the
models, and to obtain the frequencies of pulsation and the large
separation from each simulation. We computed a grid of stellar
models with different initial star masses and allowing different
values of dark photon masses (my) and kinetic mixing (y). As
core overshooting could compete with the effect of dark photons,
we also included this in some models of our grid.In order to
characterize the frequencies and large separation of a sample of
RGB stars at the bump phase, we used a catalogue of seismic data
of RGB stars (Albareti et al., 2017) and the previous analysis of
Khan et al. (2018). The observational data of the average large
separation and the corresponding errors are represented by the
black line at Figure 4. Our models prediction for large separation
are represented by the color and color dashed lines, the latter
considering the combined effect of overshooting and dark
photon energy losses. We verified the increase of large
separation with respect to the increase of the mass and the
kinetic mixing of the dark photon, which drive the total
amount of energy carried away by this particle (Redondo and
Raffelt, 2013; Ayala et al., 2015; Ayala et al., 2020). As both
processes, dark photon emission and overshooting, reinforce
together on increasing the large separation, we were able to
rule out several dark photon models, where even a minimum core
overshooting implies a large separation beyond the observational
20 limits (see Figure 4 and Figure 5). In particular, we excluded
the models with mass 900eV and y values 5 x 107%, 7 x 107", and
9 x 107'%; mass 700eV and y values of 7 x 107%, and 9 x 107*% and
mass 500eV and y of 9 x 107",

With this study, we demonstrated that near the so-called
RGB bump, dark photons production may be an energy sink for
the star significative enough to modify the extension of the
convective with modern

zones, in a way detectable

asteroseismic techniques. A follow-up of this study, taking
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FIGURE 4
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Variations of the large separation, Av, vs. the initial mass M/M,, for a set of simulations of RGB stars, introducing the production of dark photon
models. Black line correspond to the observations of the large separation. The different panels correspond to my (dark photon masses) of 300 eV
(upper left panel), 500 eV (upper right), 700 eV (lower left) and 900 eV (lower right). For each panel the solid lines correspond to models with kinetic
mixing (y) values of y = O (red), y = 2 X 107* (green), y = 5 x107** (blue), y = 7 x 107** (magenta), and y = 9 X 10 (yellow). Dashed lines correspond
to stellar models with y given by the same color code, but considering a moderate core overshooting, a,, = 0.025. Taken from Ayala et al. (2020).

into account the observational uncertainties, and where we
expect to derive stronger bounds, is in progress.

3.3 Degenerate stars and new
hypothetical objects

In case of the degenerate stars, white dwarfs are a good
scenario for axion physics. These objects excite g-mode
oscillations with a period well measured by several authors
(Corsico et al, 2019; Kepler et al, 2021). According to
previous research, the period drift of g-modes of some
pulsating white dwarfs, that is, the rate of change of the
pulsation period, can not be explained by means of the
standard cooling mechanism, which invokes mainly photon
and neutrino cooling processes. Therefore an excess in the
rate of change of the period exists. This is the case of the

Frontiers in Astronomy and Space Sciences

pulsating WD G117-B15A (Figure 6), a ZZ Ceti object Isern
et al. (2022); Corsico et al. (2019). For this white dwarf the
discrepancy between the standard theory and the observations
has been explained with the inclusion in the models of an
additional cooling process, due to axion emission (Isern et al.,
2022). If an additional axion cooling is included for G117-B15A,
the energy, €. changes, according to Eq 6.

€eff =€m —€ —€g (6)

Where €, €, and €, stand for the nuclear energy, neutrino
and axion rates, respectively. €, vanishes in general in the case of
white dwarfs. Therefore, G117-B15A losses energy by means of
the combined emission of neutrinos and axions, the latter with a
rate proportional to the square of axion-electron coupling, g,.

€0 0 @)
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FIGURE 5

X test values (given by ¢ (UHZ)), of the theoretical large
separation, when dark photons are introduced in the models, with
respect to the RGB observations. The plot shows the variation of o
(uHz) vs. the dark photon kinetic mixing, y. We consider dark
photons and overshooting. The solid lines with squares represent
the scenarios without overshooting, whereas the dashed with
squares are the models combining dark photons and
overshooting. The red solid line in the upper panel corresponds to
models without dark photons nor overshooting, whereas the
dashed red line in lower panel represents the overshooting
models, without dark photons. The colors indicate dark photon
masses of 300 eV (magenta), 500 eV (green), 700 eV (blue) and
900 eV (yellow). The observational 2¢ errors are indicated by the
black solid line.

drde (10 s/s)
wh
T

19.93 meV

I I B I N
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oS FT
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FIGURE 6

Period drift, dII/dtin s/s, vs. m, cos?p (inmeV) in G117-B15A: a
plausible consequence of axion additional cooling (see text for
details. Taken from Kepler et al. (2021).

Frontiers in Astronomy and Space Sciences

10 12 14 16 18 20 22 24 26 28 30

07

10.3389/fspas.2022.958502

On the other hand, g, is proportional to the axion mass and
the square of the cosine of a certain angle 8 (Cérsico et al., 2019;
Isern et al., 2022)

Gae = 2.8 x 107"*m,, cos* B (8)

The more massive the axion is the larger is the axion
emission, which speeds up the cooling process and increases
the rate of change of period of the white dwarf. Using this axion
cooling model and the period drift of G117-B15A, Isern et al.
(1992) obtained an upper limit for the axion-electron coupling
(8ae < 2.4 x107"), as well as for the product m, cos’$ (m, cos’p <
8.7 meV). Considering recent measurements of the period
change ratio, and excluding the hypothetical effects on the
light curve due to magnetic fields or planets, Kepler et al.
(2021) give the values g,, = 5.66 + 0.57 x 107, and m,
cos’f = 20 + 2 meV. These are obtained from the theoretical
curve of period drift vs. m, cos’$, computed using a complete
asteroseismic model, and the observational value limits, as it is
shown in Fig 6.

Concerning the constraints on dark matter from the
Asteroseismology of more exotic objects, it is worth
mentioning boson or axion stars (Hung-Hsu Chan et al,
2022). These are puzzling theoretical objects, predicted by
light
condensate of axions is supposed to originate self-gravitant

some dark-matter models, where Bose-Einstein
axion spheres, called axion stars. The theoretical non-radial
pulsation power spectrum, originated by the tidal distorsion of
the axion star due to a neutron star companion has been
calculated in a recent paper (Panotopoulos and Lopes, 2019).
This spectrum is derived assuming well-known asteroseismic
model, compatible with the equation of state of the axion star,
and should be characteristic of this kind of object. The spectrum
is also potentially detectable, if the axion star interacts with the
magnetic field of a companion, for instance a neutron star with a
strong magnetic field, which enables the conversion of axions

into photons.

4 Discussion and future work

The search of dark matter using Asteroseismology will
become more important in next decades. Next generation
missions, like PLATO (Martins et al., 2017; Rauer, 2021), or
HAYDN (Miglio et al., 2021) will increase the volume of available
data and will make possible the systematic study of stellar
populations like those of the Globular Clusters. This will be a
great opportunity to complement the previous constraints on
dark matter from these stars, coming from photometry (Viaux
et al, 2013; Ayala et al., 2014). Moreover, the increase of
precision of the future asteroseismic surveys could find
significative differences between the stars close to the halo of
the Milky Way and those laying on the galactic plane, which
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could confirm or not the influence of dark matter on the internal
processes of the halo stars.

The refinement of asteroseismic observations will impact the
accurate description of the stellar interiors. The elucidation of the
role played by convection in the overall energy transport of the
stars, and the determination of the extensions of the convective
structures are two goals of Asteroseismology, which, when fully
accomplished, will impose bounds on several dark matter
models.

In the next years, the increase of precision in the
measurements of solar-like and giant stars pulsations will
enable to impose constraints on light particle dark matter,
which can be produced by thermal resonant processes in
stars. These constraints will complement the direct and
search of WISPs
Particles) like axions or dark photons

indirect (Weakly Interacting Slim
(Jaeckel and
Ringwald, 2010). In summary, Asteroseismology besides
stellar models will be fundamental for the study of dark

matter in the next decades.
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