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The recent detection of a convective core in a main-sequence solar-type star is used here to test particular
models of dark matter (DM) particles, those with masses and scattering cross sections in the range of
interest for the DM interpretation of the positive results in several DM direct detection experiments. If DM
particles do not effectively self annihilate after accumulating inside low-mass stars (e.g. in the asymmetric
DM scenario) their conduction provides an efficient mechanism of energy transport in the stellar core. For
main-sequence stars with masses between 1.1 and 1.3M⊙ , this mechanism may lead to the suppression of
the inner convective region expected to be present in standard stellar evolution theory. The asteroseismic
analysis of the acoustic oscillations of a star can prove the presence/absence of such a convective core, as it
was demonstrated for the first time with the Kepler field main-sequence solarlike pulsator, KIC 2009505.
Studying this star we found that the asymmetric DM interpretation of the results in the CoGeNT experiment
is incompatible with the confirmed presence of a small convective core in KIC 2009505.
DOI: 10.1103/PhysRevD.91.103535

PACS numbers: 95.35.+d, 97.10.Sj

I. INTRODUCTION
The quest to unveil the constituents of the dark matter
(DM) of the Universe is nowadays one of the most
challenging goals in modern physics [1]. Several models
beyond the standard model have been put forward to
explain the properties of DM in terms of new, still
undetected particles [2,3]. Colliders, ground-based telescopes, satellites, and underground experiments are trying
to detect the hypothetical nongravitational interactions of
these DM particles aiming at the discovery of their elusive
nature [4–7]. Interestingly, several direct detection experiments have reported signals which could have arisen from
collisions of low-mass DM particles with the nuclei in the
detectors [8–11]. However, this interpretation is challenged
by the null results in many other experiments [12–17].
Whether these opposed results are fully incompatible or not
is still a matter of debate [18–20].
Here we apply a novel approach to test the existence of
DM particles with properties as those that would explain
the positive results of direct detection experiments by
looking for the particular effects that they would produce
in stars slightly more massive than the Sun. As it will be
shown, this method offers an inexpensive, complementary
probe on the plausibility of some DM candidates. The
models of DM that can be tested with our approach are
non- (or feebly) annihilating particles, with the low masses
and relatively large scattering cross sections with baryons
required to explain the results of the DAMA [8], CoGeNT
[9] and CDMS-Si [11] experiments. Theories that predict
*
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these low-mass weakly interacting massive particles
(WIMPs) include asymmetric DM (ADM, [21–23]),
although our analysis applies to any model of DM for
which the number of DM particles accumulated in the
core of a star is not significantly depleted due to annihilations or decays, independently of the mechanism behind
this property. In the context of ADM, although the selfannihilation cross section of the DM particles may be large,
their annihilation inside stars is prevented by the lack of
antiparticles, originated from an asymmetry in the particle/
antiparticle abundances related to the baryonic one.
The properties of ADM have already been constrained
using observations of other type of stars. Neutron stars,
being very dense, could capture and accumulate huge
quantities of DM particles [24,25], leading to changes in
the properties of the star [26–28] and the hypothetical
creation of a black hole that could destroy it [29–35].
Although the constraints on ADM from this approach are
very stringent, they have the uncertainty associated with the
complexity of the high-energy physics involved in the self
collapse of DM in the core of a neutron star [36,37].
On the other hand, most of the processes governing the
interior of main-sequence stars are well understood and
tested by precise observations, including the solar neutrinos
and helioseismology [38]. In the Sun, the accumulated
ADM particles would quickly thermalize in a small region
of the solar core and their conduction would modify the
solar central temperature and density, leaving potentially
strong imprints in the solar neutrino fluxes and oscillations
[39–42]. Remarkably, stars with masses slightly greater
than the Sun can have stronger structural changes in their
interior due to ADM. It has been shown that if DM does not
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self annihilate after accumulating inside stars with masses
between 1.1 and 1.3M⊙ , their conduction may remove
energy from the stellar nucleus efficiently enough to
suppress the small convective core that these stars are
expected to develop in the main sequence [43].
In the last years, the space-based asteroseismic missions
CoRoT and Kepler have detected solarlike oscillations in
thousands of stars [44]. The high precision in the determination of the oscillation frequencies of these stars has
allowed not only measurements of their masses and radius
with unprecedented accuracy, but has also opened a
window into the stellar interiors, including the discrimination between He-burning and inert cores in red giants
[45]. In this work, we analyze KIC 12009504, the first
Kepler main-sequence solarlike pulsator to have its convective core detected thanks to asteroseismic studies
performed on this star [46]. We use this detection to rule
out DM models that would prevent the formation of such a
convective region.
This article is organized as follows. The modeling of the
star and the DM particles are described in Sec. II.
Section III reviews the impact of DM conduction in stars.
In Sec. IV we present the diagnostic tools used to infer the
presence/absence of a convective core from the stellar
acoustic oscillations. In Sec. V we show the results of our
simulations and how they compare with the observations of
KIC 12009504, and finally in Sec. VI we summarize and
discuss the conclusions of this work.
II. MODELING
A. Stellar modeling
KIC 12009504, also known as Dushera, is a mainsequence solarlike pulsator which has been observed by
ground-based high-resolution spectroscopy [47] and by the
high-precision photometry of the Kepler mission [48].
These observations led to measurements of its effective
temperature T eff , surface gravity logðgÞ and surface metallicity ½Z=Xs which are shown in Table I. For the
modeling of Dushera we assumed the large uncertainties
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in T eff quoted in Table I, following the approach in a
previous thorough analysis of this star [46], due to an
inconsistency between different spectroscopic analysis [49].
Solarlike oscillations have been observed in Dushera,
with the individual frequencies of 34 modes precisely
determined in Ref. [50], allowing an accurate estimation
of its properties. In particular, its mass has been estimated
with a very small uncertainty (0.03M⊙ ) through the
fitting of individual frequencies on the basis of stellar
models [51]. However, for our model fitting we adopted a
conservative approach and considered the broader mass
range obtained by Ref. [46]: 1.23  0.12M⊙ . The latter
uncertainty comes from a combined analysis of the modeling of Dushera by several teams, using different stellar
evolution codes, pulsation codes, and fitting techniques,
including the fitting to frequency ratios which are sensitive
to the stellar interior.
The modeling of Dushera was performed using a
modified version of CESAM stellar evolution code [52],
including microscopic diffusion [53], convection through
the mixing-length theory [54] with overshooting of the
convective core implemented as dov ¼ αov minðRcc ; Hp Þ,
where dov is the overshooting distance, Rcc is the radius of
the Schwarzschild convective core, H p the pressure scale
height and αov a free parameter [55], and stellar heavy
element mixture as the solar one [56].
An extensive grid of stellar models was computed, with
stellar masses in the range M ⋆ ¼ 1.1–1.35M⊙ , initial
metallicities between Z ¼ 0.012–0.024, initial helium
abundances between Y 0 ¼ 0.26–0.30, overshooting with
efficiency parameter αov ¼ 0.05; 0.15, and convection with
αMLT ¼ 1.6, 1.8 and 2.0. The same grid was computed for
the standard stellar evolution scenario, without DM, and
also considering the impact of the different models of DM
particles described in Table II and in Sec. II B.
From all the stellar models computed in our grids, we
selected those that reproduce the observed properties of
Dushera [T eff , logðgÞ, ½Z=Xs ] within 1-σ and the large
frequency separation, Δν, within 2-σ. We allowed for a
larger error in Δν because, at this stage of the modeling

TABLE I. Parameters determined from ground-based high-resolution spectroscopy [47] and Kepler high-precision photometry [48]
for Dushera, and distribution of the same parameters in the models obtained from our grids.

Observations:
Dushera
Models:
Standard (no DM)
DM model 1
DM model 2
DM model 3
DM model 4

T eff (K)

logðgÞ

½Z=Xs

Rcc (R⋆ )

hΔνi012 (μHz)

jSfΔν0 r010 gj

6200  200

4.30  0.2

0.019  0.006a

0.061-0.071b

88  0.6

0.0032  0.0006

6222  107
6208  110
6208  111
6255  103
6219  107

4.21  0.01
4.21  0.01
4.21  0.01
4.21  0.01
4.21  0.01

0.019  0.004
0.019  0.004
0.019  0.004
0.020  0.004
0.020  0.004

0.069  0.006
0.069  0.006
0.069  0.006
0.001  0.008
0.028  0.016

87.3  1.1
87.3  0.9
87.2  1.1
87.1  1.0
87.3  0.9

0.0028  0.0011
0.0028  0.0012
0.0028  0.0012
0.0006  0.0004
0.0028  0.0015

The observed ½Fe=H ¼ logðZ=XÞ − logðZ=XÞ⊙ was converted to the surface ½Z=X assuming equal iron and metal abundances.
The range in the convective core radius is that of the best-fit models in Ref. [46].

a

b
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TABLE II. Characteristics of the models of dark matter
particles tested in this work.
mχ
(GeV)
DM
DM
DM
DM

model
model
model
model

1
2
3
4

7
13
8
10

σχ
ðcm2 Þ
−40

10
10−36
10−33
10−32

Experiment
DAMA þ CDMS þ CoGeNTa
DAMAb
CoGeNTb
CDMS-Sib

a
Interpreted in terms of spin-independent (SI) WIMP-nucleon
interactions [57].
b
Interpreted in terms of spin-dependent (SD) WIMP-proton
interactions [19].

pipeline, this parameter was estimated using scaling
relations based on an asymptotic approximation: Δν ¼
Δν⊙ ðM=M⊙ Þ0.5 ðT eff =T eff;⊙ Þ3 ðL=L⊙ Þ−0.75 (see [58,59]).
Our grid-based selection procedure is the standard to
determine stellar properties from their oscillations (see
e.g. Ref. [60]) and is comparable to seven of the eight
methods compiled in Ref. [46] to simulate the same star. An
alternative would be to use Markov chain Monte Carlo or
genetic algorithms, which can be more precise in providing
the best-fit model due to the finite resolution of grid-based
methods [51,61].
In addition, we estimate that the fraction of valid models
of Dushera that were discarded due to the limits imposed in
our grids is below 5% (the mass and metallicities of the
selected models have mean and standard deviations of
1.19  0.05M⊙ and 0.018  0.003, respectively).
This procedure resulted in more than 30,000 valid
models of Dushera. For all these models, the acoustic
oscillation frequencies were computed using the ADIPLS
code [62]. With these frequencies we recalculated the large
separation Δν and computed the seismic parameters
described in Sec. IV.
B. Dark matter modeling
The present status of direct dark matter detection experiments is characterized by the tension between the promising positive results in some experiments [8–11] and the
robust incompatible limits set by the null results in others
[12–17]. While some models try to simultaneously explain
all the results, other analyses suggest that backgrounds or
biased analysis may explain the controversy [18,20]. In this
context, the method we propose here provides an alternative test of the existence of the low-mass WIMPs with
large scattering cross section on nucleons that best fit the
signals in some of these experiments.
The properties of the models of DM tested here, shown
in Table II, are those that can explain the signals in DAMA,
CDMS-Si and CoGeNT in terms of SD WIMP interactions
on protons [19] (labeled “DM model 2, 3 and 4,” respectively), and the model that best fits all these experiments in
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terms of SI interactions on nucleons [57] (labeled “DM
model 1”). The DM scattering off nuclei through SD (axialvector) and SI (scalar) interactions is implemented in our
models separately, and we tested models with either pure
SD interactions (DM models 2, 3 and 4) or pure SI
interactions (DM model 1). However, more realistic models
may interact simultaneously through the two classes of
couplings: SD interactions with hydrogen nuclei and SI
interactions with all the elements of the stellar plasma. As
stated before, we stress that our results apply in general to
any model that predicts DM particles with masses and
scattering cross sections similar to those listed in Table II,
as long as the number of DM particles concentrated inside
stars is not notably reduced by mechanisms such as
annihilations or decays.
We have analyzed the standard scenario of elastic
scattering between DM particles and nucleons. For the
sake of simplicity, here we have not considered other
scenarios with more complex interactions, such as longrange interactions, velocity or momentum dependencies,
isospin violation, exothermic or inelastic scatterings, etc.,
although they may boost the DM impact on stars [63–66].
In principle, the method of DM search proposed here could
be applied to constrain the parameters describing the
WIMP-nucleus interactions in more general frameworks
such as DM effective field theory [7,67] or minimal DM
[68–70].
The inclusion of the impact of DM on the stellar
properties was computed following the prescriptions of
Gould [71] for the capture rate (using modified subroutines
of the DarkSUSY code [72]), and Gould and Raffelt [73]
for the energy transport by DM conduction. The reader is
referred to the references above for a thorough description
of the formalisms used to model the impact of DM on stars.
Nonetheless, it is worth highlighting some simple relations
that illustrate the main dependencies of the processes
involved.
The efficiency of the capture of DM particles by a star is
proportional to the DM-nucleon scattering cross section
and the density of DM around the star, Cχ ∝ σ χ ρχ , and
also depends on the velocity distribution of the DM
particles. We assumed a canonical DM halo model with
a Maxwell-Boltzmann velocity distribution, a dispersion
v¯χ ¼ 270 km s−1 and a local DM density around the star
ρχ ¼ 0.4 GeV cm−3 , as estimated in the solar neighborhood [74]. Departures from the standard Maxwellian
velocity distribution are well motivated by simulations
and observations [75,76] and have been extensively
explored to assess the event rate in DM direct detection
experiments [77,78]. We refer the reader to Ref. [79], where
the impact in the capture rate Cχ of the uncertainties in ρχ
and vχ was studied.
The captured DM particles quickly thermalize with the
stellar plasma and concentrate in the core of the star with a
distribution characterized by a radius that shrinks with the
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m−0.5
.
χ

DM mass: rχ ∝
Consequently, DM particles with
low masses can influence a broad region transporting
energy by conduction (rχ ≈ 5%R⋆ for mχ ¼ 10 GeV),
whereas DM particles with high masses distribute too
concentratedly to decisively impact the star by this
mechanism.
WIMPs remove energy from the stellar core and bring it
to a distance characterized by their mean free path inside
the star lχ ðrÞ. This parameter defines, together with rχ , the
Knudsen number of the system K ¼ lχ ð0Þ=rχ , which shows
whether WIMPs transport energy locally or not. The
luminosity transported by DM is
Lχ;trans ðrÞ ¼ 4πr2 nχ;LTE ðrÞlχ κðrÞ


kB TðrÞ 1=2 dT
fðKÞhðrÞ;
kB
×
mχ
dr

ð1Þ

where κðrÞ is the thermal conductivity for a gas of WIMPs
and the elements of the stellar plasma, found by interpolating in the table calculated numerically by Ref. [80]. hðrÞ
and fðKÞ are suppression factors, the latter introduced to
extend the expression for the energy transport in local
thermal equilibrium (LTE) to regimes with a larger WIMP
mean free path within the stellar plasma. The real WIMP
distribution inside the star, nχ ðrÞ, is found by interpolating
between the LTE and the isothermal distributions (see
Ref. [81] for the details).
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bubbles of stellar plasma do not cool rapidly enough
through adiabatic expansion and they continue to rise.
Due to the large energy flux resulting from the carbonnitrogen-oxygen hydrogen burning cycle, main-sequence
stars with masses slightly greater than the Sun are known to
develop a small convective core in the standard scenario of
stellar evolution. In contrast, this convective core would
be suppressed if DM particles such as those studied here
contribute to cool the stellar core.
Within the context of the ADM models considered here,
the DM particles accumulate inside the star during its
evolution without annihilating. This is a crucial factor in
order to have enough DM particles to noticeably cool the
stellar core due to DM conduction. Depending on the
unknown DM properties, mainly mχ and σ χ , the reduction
of the temperature gradient in the nucleus can be efficient
enough to prevent the convective instability in the core of
Dushera.

III. DARK MATTER IMPACT
ON STELLAR PROPERTIES
The additional mechanism of stellar energy transport by
DM conduction described above was implemented in the
stellar evolution code CESAM. Our modified version of the
code has been tested in the case of the Sun and other stars
[43,82,83] producing results in agreement with those
obtained independently by other groups using different
codes [81,84].
The main impact of DM cooling in the properties of
main-sequence stars occurs in their core, and consists in a
reduction in the central temperature of the star and an
increase in their central density (see Ref. [43]). Strong
deviations in the global properties of the star, such as its
luminosity and its effective temperature, are only expected
if the star is located in environments with DM densities
orders of magnitude higher than those considered here [85].
In this work we are especially interested in the changes
on the temperature profile in the core of the star. For a star
like Dushera, the DM conduction will cool the central ∼5%
of the star, leading to an isothermal core which is only
present when the impact of DM is included [see Fig. 1(a)].
As it was shown in Ref. [43], this cooling may lead to a
strong structural change in the core of the star, suppressing
convection in the central region. Convective instabilities
arise when the temperature gradient is so steep that rising

FIG. 1 (color online). (a) Temperature, (b) hydrogen abundance
in mass fraction, and (c) adiabatic sound-speed profiles for
representative models of Dushera with a convective core at
Rcc ¼ 0.07R⋆ (black continuous line, corresponding to a model
not influenced by DM) and without it (blue dashed line,
corresponding to a model strongly impacted by DM conduction).
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IV. ASTEROSEISMIC SIGNATURE
OF CONVECTIVE CORES
The presence of a convective core in the center of a star
has a strong impact on the propagation of acoustic waves.
The mixing in the stellar plasma induced by convection
homogenizes the chemical composition in the convective
regions, thus creating a discontinuity in the border with the
radiative regions. This is depicted in Fig. 1(b), where the
radial profiles of the H abundance, XðrÞ, of two models of
Dushera are plotted. An abrupt change in the H abundance
can be seen in the DM-free model, with a convective core at
Rcc ≃ 0.07R⋆ , whereas the changes in XðrÞ for the DMinfluenced model, with a radiative core, are much smoother.
Therefore, a convective core leaves a signature in the
radial profile of the mean molecular weight and in the
pressure mode oscillation frequencies of a pulsating star
(see [86,87]). This signature builds as evolution proceeds
on the main sequence and is caused by the discontinuity in
the composition and hence in the sound speed at the edge of
the growing convective core. This effect is clearly illustrated in Fig. 1(c), where the sound-speed profiles in the
inner regions of two representative models with and without a convective core are shown. The model with a
convective core presents a distinct sound-speed discontinuity at the border between the convective region and the
radiative one.
Particular combinations of oscillation frequencies, the
so-called diagnostic tools, may be able to isolate the
signature left on the frequencies by the presence of a small
convective core. One such diagnostic tool is dr0213 , which
combines frequencies with modes of degree l ¼ 0 to 3
[86,88]. Since l ¼ 3 modes may not always be observable,
specially from space-based data, other diagnostic tools are
preferable, such as r010 [89]:

sensitive to the frequency perturbation induced by the
discontinuity in sound speed at the edge of a small
convective core and can be used to infer the amplitude
of the relative sound-speed variation at that region [87,88].
The absolute value of the slope of the above-mentioned
diagnostic tool, jSfΔνr010 gj, was computed for all models
in our grids in the range of the observed frequencies [90]
using the definitions from Ref. [88]. The results of our
computations confirm that this slope is a good tracer of the
presence/absence of a convective core in the stellar models.
V. ANALYSIS AND RESULTS
Here we present the analysis of the properties of all the
stellar models, computed and selected as described in
Sec. II, their oscillations, and their comparison with the
observations of Dushera. The reader can have a quick
picture of our results by reading Table I, where the average
and standard deviations of the classical and seismic properties of the models are shown.
In addition, the distribution of the radius of the convective core Rcc and the seismic parameter jSfΔνr010 gj
obtained in all the models (DM free and DM influenced)
can be easily compared with the Rcc derived in Ref. [46]
and the observed jSfΔνr010 gj in Figs. 2–3, respectively.
These figures depict violin plots, a convenient method of
visually showing the distribution of data. The width of the
violins is proportional to the number of models obtained
with a given Rcc or jSfΔνr010 gj, whereas the internal
discontinuous lines show the first quartile, the median and
the third quartile.
For each class of DM model, the χ 2 s of the properties of
the stellar models were calculated:
χ 2Q

r010 ¼ fr01 ðnÞ; r10 ðnÞ; r01 ðn þ 1Þ; r10 ðn þ 1Þ; …g; ð2Þ
where
r01 ðnÞ ¼

ðνn−1;0 − 4νn−1;1 þ 6νn;0 − 4νn;1 þ νnþ1;0 Þ
;
8ðνn;1 − νn−1;1 Þ

r10 ðnÞ ¼

ð3Þ

−ðνn−1;1 − 4νn;0 þ 6νn;1 − 4νnþ1;0 þ νnþ1;1 Þ
:
8ðνnþ1;0 − νn;0 Þ
ð4Þ

The frequency derivative of r010 may be used to diagnose
the presence or the absence of a convective core in the star
and, when present, it may in principle provide information
about the convective core’s properties [88].
In this work we considered the slope of the seismic
parameter hΔνir010, where Δνn;l ¼ νnþ1;l − νn;l is the large
frequency separation defined as the difference in frequency
between modes of the same degree l, and consecutive radial
order n. It was shown that this frequency derivative is
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Qobs − Q̄mod 2
¼
;
σ Qobs

ð5Þ

for Q ¼ fT eff ; logðgÞ; ½Z=Xs ; P
jSfΔνr010 gjg. The individ2
2
ual χ Q , the combined χ T ¼ Q χ 2Q , and the p values
computed assuming Gaussian errors, are shown in
Table III.
First, we found that the modeling of Dushera without
DM reproduced with an excellent agreement the results of
previous analysis on the same star [46], confirming the
robustness of our grid and selection procedures. All the
DM-free models of Dushera were found to have a small
convective core, with a mean radius of 0.069R⋆ and a
standard deviation of 0.006R⋆ . The seismic parameter
jSfΔνr010 gj, used here as a diagnostic tool of the stellar
interior, was also found to be in agreement with the value
calculated from the observed oscillation frequencies.
When the influence of DM particles with the properties
of DM models 1–2 was considered, we obtained essentially
the same results as in the standard scenario, i.e. the model
without DM (see Tables I and III). This result implies that
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FIG. 2 (color online). Distribution of the radii of the convective core, Rcc , in all the computed models that reproduce the observations
of the star Dushera, in the standard scenario without DM (grey) and including the impact of different DM models (colors; see text). The
shapes of the distributions (violin plots) show the probability density, and the internal discontinuous lines correspond to the first quartile,
the median and the third quartile. The yellow area shows the range of the Rcc inferred for Dushera in Ref. [46].

FIG. 3 (color online). Distribution of the asteroseismic parameter jSfΔνr010 gj in all the computed models that reproduce the
observations of the star Dushera, in the standard scenario without DM (grey) and including the impact of different DM models (colors;
see text). The shapes of the distributions (violin plots) show the probability density, and the internal discontinuous lines correspond to
the first quartile, the median and the third quartile. The yellow area shows the value of jSfΔνr010 gj calculated from the observed
frequencies with its uncertainty.

these models of DM particles do not significantly impact
the internal structure of the star. Accordingly, the distributions of the obtained radii of the convective cores found
in all the models, as well as their seismic properties, are
very similar to those obtained in the DM-free scenario, as
shown in the violin plots of Figs. 2–3.
On the other hand, when the influence of the existence of
DM particles with the properties of model 3 was taken into
account, we found that only 2% of the models of Dushera
had a convective core. This is a consequence of the efficient
energy transport by DM conduction, which reduces the

temperature gradient in the core of the star and prevents
convection.
As expected, this significant modification in the structure
of the stellar core had a clear impact in the stellar
oscillations. The diagnostic tool jSfΔνr010 gj was found
to be very sensitive to the absence of a convective core in
the stellar models. As shown in Tables I and III and in
Fig. 3, the parameter jSfΔνr010 gj for the DM model 3 is
clearly in disagreement with the observations. Whereas the
DM-free and DM models 1 and 2 reproduce jSfΔνr010 gj
within one standard deviation, the mean jSfΔνr010 gj for
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χ2s

TABLE III.

and p values of the models of Dushera.

χ 2T eff χ 2logðgÞ χ 2½Z=X
Standard
DM model
DM model
DM model
DM model

1
2
3
4

0.00
0.00
0.00
0.07
0.01

0.17
0.17
0.17
0.17
0.17

0.00
0.00
0.00
0.03
0.01

s

χ 2jSfΔνr010 gj

χ 2T

p

0.51
0.53
0.52
18.35
0.47

0.68
0.70
0.69
18.62
0.66

0.88
0.87
0.88
0.0003
0.88

DM model 3 shows a discrepancy higher than 4-σ
(χ 2jSfΔνr010 gj > 18). Assuming Gaussian errors, the p values
from χ 2T are p ¼ 0.0003 for this model of DM and p ≃ 0.88
for the other models, indicating a good fit to the data for all
the models except the DM model 3, which can be excluded
with a 99% confidence level.
In the case of DM model 4, the WIMP-proton scattering
cross section is so large that the DM mean free path inside
the star becomes very small and DM is in local thermal
equilibrium with the stellar plasma. In this scenario the
impact of DM conduction is drastically reduced, being
noticed only by a small contraction on average of the
convective core size when compared with the standard
scenario. This impact is not sufficient to leave a clear
signature in the diagnostic parameter jSfΔνr010 gj and does
not lead to a goodness of fit significantly different from the
DM-free scenario.
VI. DISCUSSION AND CONCLUSIONS
Our results show that the existence of asymmetric DM
particles with the properties that explain the positive results
in the CoGeNT experiment would lead to the suppression of
the convective core recently detected in the main-sequence
star Dushera. We have demonstrated that the stellar oscillations, in particular the diagnostic tool jSfΔνr010 gj, are
sensitive to the stellar core and can be used to exclude with a
99% confidence level the existence of this particular model
of DM particles. Whereas the observed nonseismic properties of Dushera [T eff , logðgÞ, ½Z=Xs ] can be accurately
reproduced by the DM-impacted stellar models, the parameter jSfΔνr010 gj shows a mean discrepancy with the
measured stellar oscillations above 4-σ.
The other models of ADM particles studied here,
namely those that would explain the signals in DAMA
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