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We studied the rate at which stars capture dark matter (DM) particles, considering different assumptions

regarding the DM characteristics and, in particular, investigating how the stellar physics influences the

capture rate. Two scenarios were considered: first, we assumed the maximal values for the spin-dependent

and spin-independent DM particle-nucleon scattering cross sections allowed by the limits from direct

detection experiments. Second, we considered that both scattering cross sections are of the same order,

with the aim of studying the dependencies of the capture rate on stellar elements other than hydrogen. We

found that the characteristics of the capture rate are very different in the two scenarios. Furthermore, we

quantified the uncertainties on the computed capture rate (C�) and on the ratio between the luminosities

from DM annihilations and thermonuclear reactions (L�=Lnuc) derived from an imprecise knowledge of

the stellar structure and DM parameters. For instance, while an uncertainty of 10% on the typical DM

velocity leads to similar errors on the computed C� and L�=Lnuc, the same uncertainty on the stellar mass

becomes more relevant and duplicates the errors. Our results may be used to evaluate the reliability of the

computed capture rate for the hypothetical use of stars other than the Sun as DM probes.
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I. INTRODUCTION

The study of the rate at which stars capture dark matter
(DM) particles is of vital importance to understand in
which situations stars are able to accumulate enough DM
to influence their evolution. The possibility of using the
properties of stars within dense DM halos as an indirect
method to investigate the nature of DM relies on the
precision of the capture rate calculation. This quantity
depends on both the DM characteristics and the details of
the stellar structure [1,2].

In the case of the Sun, a precise calculation of the
capture rate is very important to predict the neutrino flux
from DM annihilations in the center of the star [3–6] and to
calculate the changes in the solar neutrino flux induced by
an isothermal core created by the energy transport due to
DM particles conduction [7–10]. In this context, the sys-
tematical errors in the determination of the local DM
density were recently studied [11–13], as well as the un-
certainties coming from other astrophysical sources, as the
shape of the velocity distribution of the DM particles or the
motion of the Sun in respect to the DM halo [14,15]. These
works have shown that the systematic errors introduced
by such astrophysical parameters are considerably large if
one wants to extract information about the type of DM
particle only from current direct or indirect detection
experiments.

On the other hand, the scope of our work is to character-
ize the capture rate for stars other than the Sun. Recent
works have shown that, when embedded in dense halos
of DM, stars may dramatically change their properties
[16–26]. In these cases, the uncertainties in the knowledge
of the typical parameters governing the capture rate are
much larger. Generally, in the literature, when the capture
rate of DM particles is calculated for stars other than
the Sun, as for compact stars [27–30] or low-mass stars
[31–33], the fiducial values for the local Keplerian
velocity (v? ¼ 220 km s�1) and DM velocity distribution
(Maxwell-Boltzmann [MB] distribution with a velocity
dispersion �v� ¼ 270 km s�1) are assumed. However, in

the situations where these stars can exist, these parameters
may have very different values. For instance, in a possible
interesting place such as near the center of our Galaxy, the
velocities of the stars range from 10 to 500 km s�1 [34] and
the DM particles may have motions dominated by the
gravitational potential of the hypothetical central black
hole [35]. Simultaneously, the stellar velocity dispersions
measured in nearby galaxies range from 10 to 400 km s�1

[36]. In the first part of this paper we explore how the
stellar capture rate changes with the astrophysical parame-
ters and DM characteristics in order to grasp the possible
modifications in the effects that DM annihilation may have
on stars other than the Sun.
In the second part of this paper we characterize how the

capture rate changes during the life of a star (from the
collapse of the protostar to the helium flash) considering
stars with different masses (0:5M� to 7M�) and metallic-
ities (Z ¼ 0:0004 to Z ¼ 0:04).
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We will consider two scenarios. First, a scenario where
the capture is dominated by the spin-dependent (SD)
collisions of hydrogen atoms with the DM particles,
which corresponds to assuming the maximal DM
particle-nucleon scattering cross sections allowed by the
limits from direct detection experiments. Second, a sce-
nario where the SD and spin-independent (SI) scattering
cross sections are of the same order, a plausible possibility
given that both interactions came from similar processes
[37,38]. In fact, in many supersymmetric models the scalar
interaction (SI) often dominates the elastic scattering
[39,40]. Within this assumption, other stellar elements
such as oxygen, helium, or iron arise as the more relevant
ones in capturing DM particles. Thus, we also explore how
different stellar and DM physics change the role of the
dominant elements in the capture rate. Finally, in the last
part of this paper we study how the uncertainties in the
determination of these parameters influence the computed
capture rate and the impact of the annihilation of DM
particles inside stars.

II. STELLAR CAPTURE OF DM PARTICLES

To study the various dependencies of the capture rate
some routines of the DARKSUSY code [41] were adapted in
order to include them on a modified version of the stellar
evolution code CESAM [42]. The latter code has a very
refined stellar physics, tested against helioseismic data in
the case of the Sun [43,44]. If not stated otherwise, we
assume a stellar metallicity Z ¼ 0:019, an helium mass
fraction Y ¼ 0:273, and abundances of the other elements
as the solar ones [45].

The capture rate is computed in our code according to
the expressions of Gould [46],
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v;iðwÞ is the rate of scattering of a DM particle with the

nucleus of an element i, from an initial velocity w at the
radius of the collision to a velocity lower than the escape
velocity of the star veðrÞ at that radius (kinetic factor);

fv?
ðuÞ is the velocity distribution of the DM particles

seen by the star, which depends on the velocity of the star
v? and on the velocity distribution of the DM particles in
the halo f0ðuÞ;

m� is the mass of the DM particle;

��;i is its scattering cross section with an element i,

which is ��;i ¼ ��;SIA
2
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elements except for hydrogen, which has also the con-
tribution from the spin-dependent (SD) interactions
��;H ¼ ��;SI þ ��;SD;

mn;i, Ai are the nuclear mass and the atomic number of

the element i;
niðrÞ is the density of the element i at a radius r; and
R? is the total radius of the star.
For stellar elements other than hydrogen a suppression

form factor is considered, along the lines of Gould [46], to
account for the influence of the size of the nucleus on the
interactions. Thus, the scattering rate is
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where E0 ’ 3ℏ=ð2mn;ið0:91m1=3
n;i þ 0:3Þ2 is the character-

istic coherence energy. The abundances of 2H, 4He, 12C,
14N, 16O, and other isotopes which are produced or burned
during the proton-proton (pp) chain, carbon-nitrogen-
oxygen (CNO) cycle, or triple alpha nuclear reactions are
followed by our code. For iron, neon, and silicon, among
others, their proportion over the remaining mass is set as in
the solar composition.
The new energy transport mechanism by conduction of

the DM particles [47] and the new energy source by the
annihilation of DM particles inside the star [48] are also
included in this version of the code. However, these pro-
cesses do not influence the total capture rate of the stars
computed in this work.

III. CAPTURE RATE DEPENDENCE
ON DM PROPERTIES

A. DM halo density and scattering cross sections

The total number of DM particles captured by a star is
proportional to both the density of DM in the halo �� and

the DM particle-nucleon scattering cross section �� [see

Fig. 1(a) and 1(b)]. Hence, all the capture rates that will be
shown in this work may be simply rescaled if the reader
wants to consider other values of �� or ��. If not stated

otherwise, a DM density �� ¼ 0:3 GeV cm�3 and DM-

nucleon scattering cross sections ��;SD ¼ 10�38 cm2

[49,50] and ��;SI ¼ 10�44 cm2 [51] (the largest cross sec-

tions allowed by the limits from direct detection experi-
ments) are assumed in our computations, as is generally
done in the literature when the effects of DM particles on
stars are studied [52,53]. Within this assumption, the cap-
ture rate is always dominated by the contribution of the SD
collisions of the DM particles with hydrogen atoms.
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On the other hand, the dependencies of the capture rate
change when values for the SD scattering cross section
closer to the SI ones are considered. We found that for
��;SD smaller than 10�42 cm2 the SI interactions are re-

sponsible for most of the captures [see Fig. 1(b)]. More
generally, for a SD scattering cross section smaller than a
hundred times the SI one, the SI collisions dominate the
total capture rate. In this scenario, other stellar elements,
such as oxygen, iron, or helium, play an important role in
the capture of DM particles. This situation is studied in-
depth in Sec. IV.

We note that, for stellar metallicities different from
the solar one, the ratio r � ��;SD=��;SI below which SI

interactions dominate changes: r ’ 70 for Z ¼ 0:0004
while r ’ 1000 for Z ¼ 0:04.

B. Mass of the DM particles

The capture rate is roughly inversely proportional to the
mass of the DM particles m�, as it is proportional to the

number density of DM particles in the halo
��

m�
. In Fig. 1(c)

are shown the big decreases found in C� when m� goes

from 4 to 1000 GeV. We have chosen a range of masses
above the limit from which evaporation can be considered
negligible [2,54,55], which includes the light weakly
interacting massive particles (WIMPs) recently invoked
as the DM candidates that can reconcile the results from
different direct detection experiments [56,57].
The drop in the capture rate due to a large m� has no

consequences when considering the effects of DM annihi-
lation inside stars. When m� is large, the star captures a

small number of DM particles, but each of the few anni-
hilations that take place releases more energy, compensat-
ing for the low capture. On the other hand, considering a
different m� does influence the distribution of DM parti-

cles inside the star. This fact has consequences on the
seismological signature of the isothermal core created in
the center of the Sun by the transport of energy through
DM conduction [58–62], and on the strong seismological
signature of DM annihilation inside solarlike stars within
very dense DM halos [63].
Alternatively, in the scenario where the capture rate

is dominated by the SI interactions the drop in the
capture rate when the DM mass increases is not so steep
[see Fig. 2(a)]. This is a consequence of the capture due to
the collisions of the DM particles with the heavier ele-
ments. These interact through SI scattering, while hydro-
gen, the lightest element, is the only one contributing to the
SD capture. The capture rate of DM particles with different
masses discriminated by the elements that are responsible
for the collisions that lead to the capture, C�;i, is shown in

Fig. 2(b). While 4He dominates the capture of lighter
WIMPs, 16O does the same for the heavier ones [64]. In
Fig. 2(b) it can also be seen that each of the elements has a
peak of its capture rate when the WIMP mass is roughly
equal to its own mass [2,46]. Therefore, while the captures
due to the hydrogen and helium are highly suppressed for
larger DM masses, the capture for heavier elements de-
creases less steeply with m�.

The causes for the enhancement or suppression of the
C�;i at different DM masses are found in three different

factors, all of them functions of m�: the SI scattering cross

section, the kinetic factor, and the form factor. Both of the
first two factors introduce an A2

i dependence on C�;i, thus

enhancing the capture rate due to collisions with the heav-
ier elements. On the other hand, the nuclear form factor
slows down this effect suppressing the capture rate only for
the isotopes with larger atomic numbers (see Ref. [46]).

(a)

(b)

(c)

FIG. 1 (color online). Rate at which DM particles are captured
for stars of different masses, considering different DM halo
densities (a), different SD DM particle-nucleon scattering
cross sections (b), and different masses of the DM particles
(c). If not stated otherwise, a halo of DM particles with �� ¼
0:3 GeV cm�3, m� ¼ 100 GeV, and scattering cross sections

��;SD ¼ 10�38 cm2 and ��;SI ¼ 10�44 cm2 is assumed.
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C. Phase space of the DM particles

Generally, the literature assumes a Maxwell-Boltzmann
distribution for the velocities of the DM particles f0ðuÞ,
with a dispersion �v�, leading to a velocity distribution seen

by the star of [46,65,66]
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ðuÞ ¼ f0ðuÞ exp
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Within this assumption, we explored how the capture
rate changes for different values of v? and �v�. First, a

MB distribution of the DM particles with a fixed �v� ¼
270 km s�1 was considered and the stellar velocity v? was
varied from 50 to 500 km s�1 [see Fig. 3(a)]. We found that
at high stellar velocities the capture rate drops because the
DM particles that the star encounters are more energetic
and consequently are more difficult to capture. Second, a

fiducial value for v? ¼ 220 km s�1 was considered and the
dispersion velocity of the DM particles �v� was varied from

50 to 500 km s�1. As expected, for higher dispersions of
the DM velocity distribution the capture rate is lower, as
more DM particles have high velocities and are not cap-
tured. We note that in this situation one may consider to
truncate the velocity distribution at the galactic escape
velocity. This was included in the capture rate computed
by Ref. [65] in the case of main sequence (MS) stars at the
Galactic center and by Ref. [14] in the case of the Sun. The
latter authors found that the uncertainties in the knowledge
of the local escape velocity lead to errors on the estimation
of the solar capture rate of approximately 10%.

(a)

(b)

FIG. 2 (color online). (a) Rate at which DM particles are
captured for a 1M� MS star due to the SD interactions of the
DM particles with hydrogen (green dashed line) and due to SI
interactions with hydrogen, nitrogen, neon, iron, helium, oxygen,
and silicon, among others (blue solid line). (b) Capture rate
discriminated by the element responsible for the collision that
led to the capture. We assumed a halo of DM particles with �� ¼
0:3 GeV cm�3 and the DM-nucleon scattering dominated by the
spin-independent (SI) component, ��;SI ¼ ��;SD ¼ 10�44 cm2.

(a)

(c)

(b)

FIG. 3 (color online). Rate at which DM particles are
captured for stars of different masses, considering different
stellar velocities (a), different DM typical velocities (b), and

varying both speeds relating them through �v� ¼ ffiffiffiffiffiffiffiffi
3=2

p
vc (c). We

assumed a halo of DM particles with �� ¼ 0:3 GeV cm�3,

m� ¼ 100 GeV, and the DM-nucleon scattering dominated by

the spin-dependent (SD) component, ��;SD ¼ 10�38 cm2.
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Assuming an isotropic, Gaussian velocity distribution of
the DM particles, the velocity dispersion can be related to
the circular speed (the velocity that a mass would have on a
circular orbit in the galactic plane) using the Jeans equation

[67], leading to �v� ¼ ffiffiffiffiffiffiffiffi
3=2

p
vc. We considered the case of

stars with v? ¼ vc (an assumption that in the case of the
Sun introduces an error of �10% [14]) within DM halos

with velocity dispersions �v� ¼ ffiffiffiffiffiffiffiffi
3=2

p
v? and computed the

capture rate for different stellar velocities. The results are
shown in Fig. 3(c). As expected, the stars that encounter
less energetic WIMPs (those traveling at small velocities)
capture the DM particles more efficiently.

Other velocity distributions of the DM particles may be
also considered. As a matter of fact, the MB distribution is
not an accurate description of the velocity distribution in
the Milky Way, as it corresponds to an isotropic isothermal
sphere with a DM density profile �� / r�2, while both

observations and simulations indicate other more plausible
density profiles [68,69]. Better fits to the data are devia-
tions from the Gaussian distribution (some examples can
be found in Refs. [14,65]) or the Tsallis distribution [70].
Departures of the Maxwellian velocity distribution have
been extensively studied to derive uncertainties for direct
detection experiments [71–73], and will not be repeated
here. These works found that more realistic descriptions
for fðvÞ may lead to deviations of �10% in the signal
expected on the detectors.

IV. STELLAR PHYSICS AND THE CAPTURE RATE

A. ��;SD � ��;SI case

Throughout this section we assume as our fiducial values
the maximum WIMP-nucleon scattering cross sections
allowed by limits from direct detection experiments. In
this scenario, the SD collisions of the DM particles with
hydrogen are responsible for almost all the captured DM
particles. In fact, the next element in importance for a star
of 1M� in the MS is oxygen, which is more than 104 times
less efficient capturing DM particles than hydrogen.

1. Capture rate over stellar life

The evolution of the capture rate through the life of the
star is studied in this section. Normally, a constant capture
rate is assumed during the MS, and it is expected to vary
rapidly during the pre- and post-MS phases due to the
changes in the stellar structure. To address this question
in detail, the capture rate was also computed during the
gravitational collapse of the protostar and during the red
giant branch (RGB) until the helium flash. The results are
shown in Fig. 4(a) for stars with different masses.

As expected, we found that the capture rate increases
continuously as the protostar collapses, remains constant
during the MS, and finally drops suddenly in the RGB,
when the star expands with hydrogen fusion undergoing
only in a shell out of the contracting helium core. The

changes in the capture rate mimic the changes in the global
properties of the star, in particular, in the radius of the star
and in the density of the various stellar elements niðrÞ,
specially hydrogen.
However, as shown in Fig. 5(a), the predominance of

hydrogen is reduced to just an order of magnitude in the
RGB. At this stage the 4He, produced in the center of the
star through the proton-proton chain during the MS,
now forms an inert helium core with a density that in-
creases dramatically as the star evolves through the RGB.
Therefore, the efficiency of this isotope in capturing DM
particles increases, getting closer to hydrogen, much more
abundant in the rest of the star and still responsible for most
of the captures. Another isotope that gains importance
during the RGB is 14N, which is produced during the
CNO cycle.

2. Capture and stellar metallicity

Stars with metallicities from Z ¼ 0:0004 to Z ¼ 0:04
(with their corresponding helium mass fractions from Y ¼
0:2412 to Y ¼ 0:340, along the lines of Refs. [74,75]) were
considered in order to study the dependence of the capture
rate on the stellar metallicity. As expected, stars with a
reduced hydrogen mass fraction (those richer in metals),
capture DM particles less efficiently [see Fig. 6(a)].

(a)

(b)

FIG. 4 (color online). Rate at which DM particles are
captured during the life of stars with different masses. The
capture rate increases during the pre-MS, is constant through
the MS, and varies rapidly in the RGB. We assumed a halo of
DM particles with �� ¼ 0:3 GeV cm�3, m� ¼ 100 GeV, and

the DM-nucleon scattering dominated (a) by the SD component,
��;SD ¼ 10�38 cm2, and (b) by the SI one, ��;SI ¼ ��;SD ¼
10�44 cm2.
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However, regarding the importance of DM annihilation
inside stars, this drop on the capture rate is too small
and is balanced by the fact that metal-rich stars also
produce energy through thermonuclear reactions at a lower
rate [33].

B. ��;SD � ��;SI case

A scenario in which the SD and SI scattering cross
sections have similar values is also considered in this
section. In fact, normally a larger SD cross section is
assumed because the limits from detectors are less strin-
gent, due to technological limitations. But, as the processes
leading to these interactions are similar, both scattering
cross sections are of the same order in most models
if no resonances nor destructive interferences are invoked
[40]. Thus, we choose ��;SD ¼ 10�44 cm2 and ��;SI ¼
10�44 cm2 in order to explore in depth the role of the
different stellar elements in the capture of DM particles.

In this case, and also even if we had chosen a��;SD up to

2 orders of magnitude greater than ��;SI (for a star with

Z� Z�), the SI interactions are the dominant ones in
capturing DM particles. The most important elements for
the total capture rate, in a star of 1M� during the MS, are
oxygen, helium, iron, and neon. The heavier elements,
such as iron, do not dominate the capture rate owing to
the form-factor suppression.
Stars of different masses may have other elements con-

tributing significantly to capturing DM particles. For in-
stance, in a star of 7M� in the MS, helium is the most
important element, followed by oxygen and nitrogen [see
Fig. 7(a)]. On the other hand, in a star of 0:5M� oxygen
arises as the element that captures DM particles more
efficiently, followed by iron. These different contributions
are explained by the abundances of the elements through-
out the star (see Fig. 8). Some of the 16O in a star of 7M� is
converted to 14N through the CNO cycle, while the same
does not happen for a star of 0:5M� [76].

1. Capture rate over stellar life

The importance of helium and nitrogen on the capture
rate increases at the final stages of evolution, in opposition
to the cases of hydrogen and iron, whose contribution
drops in the RGB [see Figs. 5 and 7]. As a consequence,
when the SI interactions dominate, the capture rate does
not drop so abruptly in the RGB. Moreover, we found

(a)

(c)

(b)

FIG. 5 (color online). Rate at which DM particles are captured,
discriminated by the elements responsible for the collisions that
led to the capture, during the life of stars with 1M� and 3M�. We
assumed a halo of DM particles with �� ¼ 0:3 GeV cm�3,

m� ¼ 100 GeV, and the DM-nucleon scattering dominated (a)

by the spin-dependent (SD) component, ��;SD ¼ 10�38 cm2,

and (b) and (c) by the spin-independent (SI) component, ��;SI ¼
��;SD ¼ 10�44 cm2.

(a)

(b)

FIG. 6 (color online). Rate at which DM particles are captured
during the MS for stars with different masses and metallicities.
We assumed a halo of DM particles with �� ¼ 0:3 GeV cm�3,

m� ¼ 100 GeV, and the DM-nucleon scattering dominated (a)

by the SD component, ��;SD ¼ 10�38 cm2, and (b) by the SI

one, ��;SI ¼ ��;SD ¼ 10�44 cm2.
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that for stars with masses smaller than 2M� the total
capture rate increases in the RGB instead of decreasing
[see Fig. 4(b)]. Although the number of captured DM
particles increases in the RGB, the influence of their self-
annihilation on the stellar properties is not remarkable, as
at the same time the energy from thermonuclear reactions
also increases dramatically.

When the stars are in the RGB the elements responsible
for most of the DM captures are different from those on the
MS [Fig. 7]. In the RGB, helium is the most important
element for all stars with masses in the range 0:5M�–7M�.
The huge density reached by the helium core in the RGB
(�c;RGB � 103�c;MS) increases the efficiency of this ele-

ment in capturing DM particles.
It is also remarkable that, in the pre-MS phase, the

capture rate is not so small when compared with the one
in the MS. In the scenario where the capture rate due to SD
scattering dominates C�;PMS � 1=20C�;MS while, if both

scattering cross sections are of the same order, then
C�;PMS � 1=4C�;MS [see Fig. 4]. The explanation of this

fact is found in the role of iron, which is the more efficient
element in capturing DM particles in the pre-MS phase
[see Fig. 5(b) and 5(c)]. For most of the stellar isotopes the
capture process is ineffective due to the small escape
velocity inside the protostar. However, the kinetic factor
in the capture rate expression is not so strongly suppressed
for those isotopes with heavy nuclear masses, and therefore
the elements with a large Ai, as iron, are the more efficient
ones capturing DM particles in the pre-MS phase.

2. Capture and stellar metallicity

In contrast to what is expected when the SD interactions
dominate, in this scenario we found that stars with higher

(a)

(b)

FIG. 7 (color online). Rate at which DM particles are captured
discriminated by the elements responsible for the collisions that
led to the capture, in the main sequence (a), and in the red giant
branch (b) for stars with different masses. We assumed a halo of
DM particles with �� ¼ 0:3 GeV cm�3, m� ¼ 100 GeV, and

the DM-nucleon scattering dominated by the spin-independent
(SI) component, ��;SI ¼ ��;SD ¼ 10�44 cm2.

(a)

(b)

FIG. 8 (color online). Radial abundances of 4He, 16O, and 14N
for stars of 0:5M� (a) and 7M� (b) in the middle of the MS
(when Xc ¼ 0:5).

(a) (b)

(c)

FIG. 9 (color online). Rate at which DM particles are captured
discriminated by the elements responsible for the collisions that
led to the capture, for 1M� stars in different stages of evolution
(pre-MS, MS, and RGB) and considering different stellar met-
allicities. We assumed a halo of DM particles with �� ¼
0:3 GeV cm�3, m� ¼ 50 GeV, and the DM-nucleon scattering

dominated by the spin-independent (SI) component, ��;SI ¼
��;SD ¼ 10�44 cm2.
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metallicities capture DM particles more efficiently [see
Fig. 6(b)], because these stars are richer in the isotopes
that are responsible for most of the captures: 16O, 4He,
56Fe, 20Ne, and 14N. Therefore, in this scenario, stars with
higher metallicities are more affected by the capture and
annihilation of DM particles in their interior. Moreover, as
metal-rich stars have lower thermonuclear energy produc-
tion rates, the energy from DM annihilation is even more
important over the total energy of the star (the ratio
L�=Lnuc for a 1M� star with Z ¼ 0:04 in the MS is

more than 20 times greater than that for the same star
with Z ¼ 0:0004).

The contribution of the metals in the capture rate is of
vital importance for stars with metallicity Z ¼ 0:04,
especially until the end of the MS, while for stars with
Z ¼ 0:0004 helium dominates the capture during all the
stages [see Fig. 9]. On the other hand, on the RGB the role
of the metals is less important because in this phase 4He is
the isotope that captures DM particles more efficiently due
to its high density in the core.

V. DISCUSSION

We have characterized how the stellar capture of DM
particles changes within different assumptions regarding
the DM characteristics and the structure of the stars. These
results are summarized in Table I, where we show the
variations in the computed capture rate derived from an
uncertainty of 10% in the knowledge of given parameters
(such as the mass and velocities of the star and the DM
particles, and the stellar metallicity). We found that the
greater uncertainties in the capture rate occur due to
the ignorance of the DM particle mass and especially
when the stellar velocity (if very high) and the stellar
mass are not well determined.

However, not all uncertainties in the computed capture
rate contribute equally to the weight of the subsequent DM
annihilations over the nuclear sources of energy of the star.
To illustrate this fact the ratio L�=Lnuc is also shown in the

third column of Table I. In this respect, the ignorance of the
DM mass is much less important when compared with an
imprecise determination of the velocities or the stellar
mass. As an example, an overestimation of 10% in the
mass of a star of 7M� leads to a significant increment on
the computed capture rate (þ 16%), while regarding the
effects of DM annihilation on the same star, this
overestimation is completely counterbalanced by the de-
pendence of the thermonuclear energy sources on the
stellar mass.

The errors on the estimation of the stellar metallicity are
not significant for the computed capture rate, at least for
the SD-dominated capture. In the scenario where the SI
interactions dominate, the role of the metallicity is more
important but still introduces errors on the capture rate
below 10% (see Table II).

The relatively large variations on the computed capture
rate due to a poor knowledge of the input physics stress the
importance of combining different techniques to improve
precision in the determination of the parameters. In the
case of the stellar parameters, photometry, spectroscopy,
and astroseismology should be combined when possible to
reduce the uncertainties in the stellar mass and metallicity.
Regarding the DM characteristics, only a combination
of results from colliders, direct and indirect detection ex-
periments will constrain sufficiently the free parameter
space. In the cases where the detection of DM signatures
seems more promising, such as the Galactic center and
primordial stars, the uncertainty on the capture rate will be
dominated by the ignorance on the exact value of the DM
density.
Our results may be used to evaluate the reliability of the

computed capture rate for stars observed in environments
with high expected DM densities, and therefore to estimate
if the effects predicted due to the self-annihilation of DM
particles in the stellar interiors will allow us to extract
information about the nature of DM.

TABLE I. Variations in the total capture rate, C�, and in the
ratio between the luminosities from DM annihilations and ther-
monuclear reactions, L�=Lnuc, when there is an uncertainty of

10% in the knowledge of one parameter of the DM character-
istics or of the stellar structure. If not stated otherwise, we
assumed a halo of DM particles with a mass m� ¼ 100 GeV,

a velocity dispersion �v� ¼ 270 km s�1, and a star of 1M� in the

middle of the MS, with a metallicity Z ¼ 0:019 and a velocity
v? ¼ 220 km s�1.

C� L�=Lnuc

m� ¼ 5 GeV �10% �10% þ12% �1% þ1%
m� ¼ 500 GeV �10% �18% þ23% �9% þ11%

�v� ¼ 100 km s�1 �10% þ6% �7% þ6% �7%
�v� ¼ 500 km s�1 �10% �20% þ26% �20% þ26%

v? ¼ 100 km s�1 �10% �3% þ3% �3% þ3%
v? ¼ 500 km s�1 �10% �58% þ120% �58% þ120%

M? ¼ 0:5M� �10% þ26% �22% �20% þ26%
M? ¼ 7M� �10% þ16% �13% �16% þ26%

Z ¼ 0:0004� 10% �0:1% þ0:1% þ2% �0:3%
Z ¼ 0:04� 10% �2% þ2% �2% þ1%

TABLE II. Variations in the capture rate due to SD and SI
interactions of the stellar elements with the DM particles (C�;SI

and C�;SD) when there is an uncertainty of 10% in the knowledge

of the mass of the DM particles or on the stellar metallicity.

C�;SD C�;SI

m� ¼ 100 GeV �10% �16% þ22% �10% þ13%
Z ¼ 0:019� 10% �2% þ2% þ8% �8%
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[3] G. Wikström and J. Edsjö, J. Cosmol. Astropart. Phys. 4

(2009) 009.
[4] J. Ellis, K.A. Olive, C. Savage, and V.C. Spanos, Phys.

Rev. D 81, 085004 (2010).
[5] A. Esmaili and Y. Farzan, Phys. Rev. D 81, 113010 (2010).
[6] S. Demidov and O. Suvorova, J. Cosmol. Astropart. Phys.

6 (2010) 018.
[7] I. P. Lopes and J. Silk, Phys. Rev. Lett. 88, 151303 (2002).
[8] M. T. Frandsen and S. Sarkar, Phys. Rev. Lett. 105,

011301 (2010).
[9] M. Taoso, F. Iocco, G. Meynet, G. Bertone, and P.

Eggenberger, Phys. Rev. D 82, 083509 (2010).
[10] I. Lopes and J. Silk, Science 330, 462 (2010).
[11] R. Catena and P. Ullio, J. Cosmol. Astropart. Phys. 08

(2010) 004.
[12] M. Weber and W. de Boer, Astron. Astrophys. 509, A25

(2010).
[13] M. Pato, O. Agertz, G. Bertone, B. Moore, and R.

Teyssier, Phys. Rev. D 82, 023531 (2010).
[14] P. D. Serpico and G. Bertone, Phys. Rev. D 82, 063505

(2010).
[15] M. Kuhlen, N. Weiner, J. Diemand, P. Madau, B. Moore,

D. Potter, J. Stadel, and M. Zemp, J. Cosmol. Astropart.
Phys. 2 (2010) 030.

[16] D. Spolyar, K. Freese, and P. Gondolo, Phys. Rev. Lett.
100, 051101 (2008).

[17] F. Iocco, Astrophys. J. 677, L1 (2008).
[18] G. Bertone and M. Fairbairn, Phys. Rev. D 77, 043515

(2008).
[19] K. Freese, P. Gondolo, and D. Spolyar, AIP Conf. Proc.

990, 42 (2008).
[20] F. Iocco, A. Bressan, E. Ripamonti, R. Schneider, A.

Ferrara, and P. Marigo, Mon. Not. R. Astron. Soc. 390,
1655 (2008).

[21] D. R.G. Schleicher, R. Banerjee, and R. S. Klessen, Phys.
Rev. D 79 043510 (2009).

[22] D. Hooper, D. Spolyar, A. Vallinotto, and N.Y. Gnedin,
Phys. Rev. D 81, 103531 (2010).

[23] E. Ripamonti, F. Iocco, A. Ferrara, R. Schneider, A.
Bressan, and P. Marigo, Mon. Not. R. Astron. Soc. 406,
2605 (2010).

[24] P. Gondolo, J.-H. Huh, H. Do Kim, and S. Scopel, J.
Cosmol. Astropart. Phys. 7 (2010) 026.

[25] S. Sivertsson and P. Gondolo, Astrophys. J. 729, 51
(2011).

[26] E. Zackrisson et al., Astrophys. J. 717, 257 (2010).

[27] C. Kouvaris, Phys. Rev. D 77, 023006 (2008).
[28] C. Kouvaris and P. Tinyakov, Phys. Rev. D 82, 063531

(2010).
[29] A. de Lavallaz and M. Fairbairn, Phys. Rev. D 81, 123521

(2010).
[30] I. V. Moskalenko and L. L. Wai, Astrophys. J. 659, L29

(2007).
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