
Constraints on annihilating dark matter in the Omega Centauri cluster

Man Ho Chan and Chak Man Lee
Department of Science and Environmental Studies, The Education University of Hong Kong Tai Po,

New Territories, Hong Kong, China

(Received 10 January 2022; accepted 13 May 2022; published 8 June 2022)

Recent gamma-ray and radio studies have obtained some stringent constraints on annihilating dark
matter properties. However, only a few studies have focused on using x-ray data to constrain annihilating
dark matter. In this article, we perform the x-ray analysis of annihilating dark matter using the data of the
Omega Centauri cluster. If dark matter is the correct interpretation of the nonluminous mass component
derived in the Omega Centauri cluster, the conservative lower limits of thermal dark matter mass
annihilating via the τþτ−, bb̄, and WþW− channels can be significantly improved to 104(43) GeV, 650
(167) GeV, and 480(137) GeV, respectively, assuming the diffusion coefficient D0 ≤ 1026ð1027Þ cm2=s.
These constraints can safely rule out the recent claims of dark matter interpretation of the gamma-ray
excess and antiproton excess seen in our Galaxy. Generally speaking, the conservative lower limits
obtained for nonleptophilic annihilation channels are much more stringent than that obtained by gamma-
ray analysis of nearby dwarf galaxies. We anticipate that this would open a new window for constraining
annihilating dark matter.
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I. INTRODUCTION

Recently, multimessenger studies of galaxies and galaxy
clusters have obtained many stringent constraints of annihi-
lating dark matter, including the gamma-ray studies of our
Galaxy and nearby dwarf galaxies [1–5], radio studies of
galaxies [6–11] and galaxy clusters [12–16], cosmic-ray
studies of our Galaxy [17,18], and neutrino studies of our
Galaxy [19]. Different kinds of studies might have different
advantages and disadvantages. For example, for radio
studies, although the sensitivity and resolution of radio
observations can be very high, the uncertain magnetic field
strength contributes the largest systematic errors in the
analysis. For neutrino studies, the observational uncertainties
of astrophysical neutrino flux are usually quite large. Also,
the sensitivity of neutrino detection is not good enough to get
stringent constraints [19]. In comparison, the constraints
obtained from gamma-ray studies are generally more strin-
gent and more robust because the involved systematic
uncertainties are usually smaller. The only uncertainties
are the dark matter density profile, the background point
source contribution due to pulsars, and the diffuse back-
grounds in modeling the regions around point sources.
Another drawback is that current resolution of gamma-ray
detection is larger than 50 so that more distant galaxies and
galaxy clusters with small angular sizes (< 10) are difficult to
be analyzed in gamma-ray studies to constrain dark matter.
In view of the multimessenger studies, there are only a

few studies using x-ray data to constrain annihilating dark
matter. Many previous multiwavelength studies of dark

matter have included radio and gamma rays, but not x ray
[20,21]. Most of the related x-ray studies are focusing on
the decaying or leptophilic annihilating dark matter signals
due to kilo-electron-volt dark matter (e.g., kilo-electron-
volt sterile neutrinos) [22,23] or light dark matter (mega-
electron-volt or sub–giga-electron-volt) [24–26]. In fact,
the inverse Compton scattering (ICS) of cosmic microwave
background (CMB) radiation due to the electrons and
positrons produced from giga-electron-volt to sub–tera-
electron-volt dark matter annihilation can boost the CMB
photon energy to x-ray bands. Therefore, it has been
suggested for a long time that using x-ray data of dwarf
galaxies can give certain constraints on annihilating dark
matter with mass > GeV [26–29]. However, only a few
studies have put constraints on giga-electron-volt to sub–
tera-electron-volt annihilating dark matter using x-ray data
and the constraints obtained are not very stringent [30–32].
Using x-ray data of dwarf galaxies to constrain dark

matter is a very good option because the physics of ICS is
well known and the CMB spectrum is well determined.
Also, the amount of hot gas in dwarf galaxies is very small
so that the background diffuse x-ray contribution is not
significant. This would greatly suppress the unwanted
background x-ray flux so that we can get more stringent
constraints on the annihilating dark matter parameters. In
this article, we show that using the x-ray data of the Omega
Centauri cluster (ω-Cen) can give very stringent constraints
on annihilating dark matter. The lower limits of dark matter
mass can be more stringent than that obtained in gamma-
ray studies of dwarf galaxies. Note that the existence of
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dark matter in ω-Cen is still not 100% confirmed. Although
the nonluminous mass component in ω-Cen is strongly
statistically preferred relative to a stellar mass-only model
based on recent kinematic studies [33,34], the lower end of
the allowed dynamical mass range is still plausibly con-
sistent with the mass contained in stellar remnants.
Nevertheless, if dark matter is the correct interpretation
of the nonluminous mass component, our analysis would
give exciting new constraints of annihilating dark matter
from x ray. We anticipate that this would open a new
window for constraining annihilating dark matter.

II. THE X-RAY ANALYSIS OF ANNIHILATING
DARK MATTER

A large amount of high-energy electrons and positrons
would be produced from dark matter annihilation. The
diffusion and cooling of these electrons and positrons can
be governed by the diffusion-cooling equation [35]
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where dne=dE is the electron or positron density spectrum,
DðEÞ is the diffusion function, bðEÞ is the cooling function,
and QðE; rÞ is the source density spectrum from dark
matter annihilation. The diffusion function is usually
written in terms of an energy-dependent function
DðEÞ ¼ D0ðE=1 GeVÞδ, where D0 is the diffusion coef-
ficient and δ is the diffusion index. The source density
spectrum is given by

QðE; rÞ ¼ hσvi½ρDMðrÞ�2
2m2

DM

dNe;inj

dE
; ð2Þ

where mDM is the dark matter mass, ρDMðrÞ is the dark
matter density profile, and dNe;inj=dE is the injection
energy spectrum of dark matter annihilation, which can
be calculated theoretically for different annihilation chan-
nels [36]. In our first analysis, we will set the annihilation
cross section hσvi to be a free parameter and get its upper
bound. Then in the second part, we will specifically
consider the thermal annihilation cross section and get
the constraints on dark matter mass.
In equilibrium, the diffusion-cooling equation can be

solved by the Green’s function method [37]:
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where the Green’s function can bewritten in terms of a series
of Fourier functions and the ratio bðE0Þ=DðE0Þ as [37]
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Here rh is the radius of the region of interest.
Nevertheless, in the following, we will analyze the x-

ray data of ω-Cen, which can be regarded as a very small
dwarf galaxy. Many studies have suggested that ω-Cen is
quite likely the core of a captured and stripped dwarf
galaxy [38,39]. For a small dwarf galaxy, the cooling
effect of high-energy positrons and electrons is usually
unimportant because its magnetic field strength and
photon energy density (except the CMB component) is
somewhat smaller than that of a normal galaxy. If the ICS
of CMB is the dominated cooling process, we have
bðEÞ ¼ 2.5 × 10−17ðE=1 GeVÞ2 GeV=s [37]. For a
high-energy electron produced from dark matter annihi-
lation with energy E ∼ 1–1000 GeV, its cooling timescale
is tC ≡ E=bðEÞ ∼ 1013–1017 s while its diffusion time-
scale is tD ≡ r2h=DðEÞ ∼ 1011–1012 s, with rh ∼ 5 pc,
D0 ∼ 1026 cm2=s, and δ ¼ 0.3–0.7. Therefore, we have
tD=tC ∼ 10−5 − 10−2 ≪ 1. The expanded terms inside the
last bracket of Eq. (4) for j ¼ 1 can be written as
∼ðtD=π2tCÞ½1 − ðtD=π2tCÞ þ � � ��. Since tD=π2tC < 10−3,
neglecting the second-order and higher-order expanded
terms only contributes less than 1% error in the analysis.
Therefore, we only keep the leading expanded term for
simplicity. Using the identity

P∞
j¼1 sinðjy1Þ sinðjy2Þ≡

ðπ=2Þδðy1 − y2Þ, we can get the solution of Eq. (1) in
the diffusion-dominated regime [37]:
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In fact, the above solution can be obtained directly by
neglecting the cooling term in Eq. (1). In this regime, most
of the high-energy electrons and positrons can completely
diffuse out of the core region of the ω-Cen without losing
most of their energy. Since the core region we considered
is less than 5 pc and the diffusion coefficient should be
less than 1026 cm2=s for ω-Cen (see below), as mentioned
above, we have tD ≪ tC (i.e., the diffusion rate is much
larger than the cooling rate) and the diffusion-dominated
regime solution can be applied. Since a smaller cooling
rate bðEÞ would give a smaller number of confined
electrons and positrons inside a dwarf galaxy (i.e., a
smaller value of dne=dE), neglecting the cooling effect
would suppress the ICS signal due to dark matter
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annihilation and the resulting constraints of the dark
matter parameters obtained would be more conservative.
The high-energy electrons and positrons produced from

dark matter annihilation would scatter with the CMB
photons and boost the photon energy from 10−4 eV to
∼keV through ICS. The number of CMB photons scattered
per second from original frequency ν0 to new frequency ν is
given by [40]
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where σT ¼ 6.65 × 10−25 cm2 is the Thomson cross sec-
tion and nðxÞ ¼ 170x2=ðex − 1Þ cm−3 is the number den-
sity of the CMB photons with x ¼ hν0=kTCMB, where
TCMB ¼ 2.725 K is the present CMB temperature. The
total x-ray luminosity due to the ICS can be given by [32]
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where E1 and E2 are the lower and upper limits of the
observed x-ray energy band. The factor two in Eq. (7)
indicates the contributions of both high-energy electrons
and positrons. There are four parameters in the expression
of Lx: hσvi, mDM, D0, and δ. Therefore, the x-ray data can
constrain the annihilating dark matter parameters hσvi and
mDM for different sets of D0 and δ.
Generally speaking, D0 depends on the scale of struc-

tures and there is a physical range for galaxies. Theoretical
model suggests that D0 ∼ LV [27,41,42], where L is the
injection scale and V is the turbulent velocity. In our
Milky Way, since L ∼ 1 kpc and V ∼ 100 km=s, we have
D0 ∼ 1028 cm2=s. The actual values of D0 modeled by
early cosmic-ray studies giveD0 ≈ ð0.1 − 3Þ × 1028 cm2=s
[43]. A more recent study has yielded a narrower range of
D0 for the benchmark cosmic-ray transport models: D0 ≈
ð0.6 − 3Þ × 1028 cm2=s [44], which gives a good agree-
ment with the theoretical model’s prediction. Since the size
of the region of interest in our study is only 3.9 pc (see below)
and the dark matter density in ω-Cen drops significantly
outside 10 pc [33,34], we can conservatively set the injection
scale L to be less than 10 pc. Also, for ω-Cen, the maximum
velocity dispersion is smaller than 25 km=s [33,34]. The
turbulent velocity V should also be less than 25 km=s.
Therefore, we get a limit D0 ≈ 8 × 1025 cm2=s. This value
is the same order of magnitude (D0 ∼ 1026 cm2=s) as those
commonly assumed in the studies of the Milky Way dwarf
galaxies, such as the UrsaMajor II galaxy [45] and the dwarf
spheroidal galaxies [8,27]. Since the size ofω-Cen (∼10 pc)

is much smaller than the size of a typical dwarf galaxy
(∼1 kpc), taking the limit D0 ≤ 1026 cm2=s would be a
conservative choice. We will also consider a more
conservative limit D0 ≤ 1027 cm2=s in our analysis.
For the diffusion index δ, there are two benchmark

diffusion models which predict δ ¼ 1=3 (Kolmogorov
model) [46] and δ ¼ 1=2 (Kraichnan model) [47]. We will
consider a wider range δ ¼ 0.3–0.7 in our analysis. This
range is also consistent with that obtained by the cosmic-
ray analysis of the Milky Way [43,44]. In Fig. 1, we show
the prediction of Lx against mDM for D0 ¼ 1026 cm2=s,
hσvi ¼ 2.2 × 10−26 cm3 s−1, and two different values of δ
(assumed E1 ¼ 0.5 keV and E2 ¼ 6.0 keV). We can see
that the total luminosity is insensitive to the values of δ,
except for the eþe− and μþμ− channels in the small mDM
regime.

III. DATA OF THE ω-CEN

Recent studies of kinematic data show that the existence
of dark matter in ω-Cen is strongly statistically preferred
relative to a stellar mass-only model [33,34]. As many
previous and recent studies have suggested that ω-Cen is
probably a captured and stripped dwarf galaxy [38,39], the
existence of dark matter inω-Cen is quite likely and its dark
matter content might be very large. A more recent study has
shown that the dark matter in ω-Cen is much more
centrally-concentrated so that it can give more stringent
constraints for annihilating dark matter [34].
We assume that the dark matter density profile of the ω-

Cen is spherically symmetric. The dark matter density
profile can be best described by the Navarro-Frenk-White
(NFW) profile [48]:
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FIG. 1. The graph of Lx against mDM for different annihilation
channels with δ ¼ 0.3 (solid lines) and δ ¼ 0.7 (dashed lines).
Here, we have assumed D0 ¼ 1026 cm2=s, hσvi ¼ 2.2×
10−26 cm3=s, and the mean values of the dark matter density
parameters ρs ¼ 1.61 × 106 M⊙=pc3 and rs ¼ 0.15 pc (follow-
ing the NFW profile).

CONSTRAINTS ON ANNIHILATING DARK MATTER IN … PHYS. REV. D 105, 123006 (2022)

123006-3



ρDMðrÞ ¼
ρs

r
rs
ð1þ r
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Þ2 ; ð8Þ

where rs and ρs are the scale radius and the scale density,
respectively. Using the latest kinematic data presented in
[34], we can obtain the best-fit values with 1σ bounds: ρs¼
1.61þ2.02

−1.09 ×106 M⊙=pc3 and rs¼ 0.15þ0.05
−0.02 pc. Furthermore,

[33,34] show that another popular model of dark matter
density profile, the Burkert profile [49], does not have large
difference in modeling the dark matter density. The Burkert
profile is given by

ρDMðrÞ ¼
ρs

ð1þ r2

r2s
Þð1þ r

rs
Þ : ð9Þ

The best-fit parameters with 1σ bounds are ρs ¼ 4.10þ4.80
−2.94 ×

106 M⊙=pc3 and rs ¼ 0.10þ0.05
−0.01 pc. In the following,wewill

mainly follow the NFW profile to describe the dark matter
distribution and we will consider the entire 1σ uncertainties
of ρs and rs in our analysis. As a reference, wewill also show
the corresponding results by following theBurkert profile. In
Fig. 2, we show the variation ofLx againstmDM for different
annihilation channels using the mean values, 1σ upper limits
and 1σ lower limits of ρs and rs. Generally speaking, the 1σ
lower limits of ρs and rs can give the most conservative
constraints of dark matter. Therefore, we will use the 1σ
lower limits of ρs and rs (i.e., the minimum dark matter
contribution) to calculate the conservative bounds of hσvi
and mDM.
On the other hand, ω-Cen has been observed by the

Chandra X-Ray Observatory recently [50]. In the obser-
vation, 233 x-ray sources are identified and many of them
are cataclysmic variables and their candidates. Also, those

unidentified sources have luminosities and x-ray colors
close to those of millisecond pulsars found in other globular
clusters, and no abnormal case has been reported. Based on
the x-ray analysis, the unabsorbed x-ray luminosity of ω-
Cen is Lx ≤ 1 × 1030 erg s−1 (with energy band E ¼
0.5–6.0 keV and distance ¼ 5.2 kpc) for the region within
the core radius r ¼ 3.9 pc [50]. Putting this upper limit into
Eq. (7) with rh¼ 3.9 pc, E1 ¼ 0.5 keV, and E2 ¼ 6.0 keV,
we can get the constraints of dark matter mass for different
annihilation channels. Here, in our first analysis, we leave
the annihilation cross section hσvi and the diffusion
coefficient D0 as free parameters. Since Lx is insensitive
to the value of δ, we simply fix δ ¼ 0.7 and we can get the
upper limits of hσvi=D0 as a function of mDM for each
annihilation channel (see Fig. 3). Moreover, we can see in
Fig. 3 that the difference in the upper limits between two
dark matter density models (the NFW profile and the
Burkert profile) is small.
Generally speaking, the x-ray luminosity upper limit

taken may contain some other background astrophysical
emissions. If this is the case, the actual dark matter
contribution on the x-ray luminosity would be smaller
and the allowed dark matter parameter space would be
more stringent. Therefore, neglecting the possible back-
ground astrophysical emissions can provide more
conservative constraints on the dark matter parameters.
If we take the upper limit D0 ≤ 1026 cm2=s for ω-Cen,

we can obtain the upper limits of the annihilation cross
section againstmDM for different annihilation channels (see
Fig. 4 for the NFW profile and Fig. 5 for the comparison
between two dark matter density models). Compared with
the gamma-ray analyses of nearby dwarf galaxies from
previous studies [2,3], we can see that our upper limits of
hσvi for nonleptophilic channels (e.g., bb̄ and WþW−) are
much more stringent than that obtained from gamma-ray
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FIG. 2. The graph of Lx against mDM for different annihilation
channels with δ ¼ 0.3. The solid lines represent the Lx with the
mean values of the density parameters ρs ¼ 1.61 × 106 M⊙=pc3

and rs ¼ 0.15 pc (following the NFW profile). The dashed lines
represent the Lx calculated with the 1σ upper and lower limits of
ρs and rs. Here, we have assumed hσvi ¼ 2.2 × 10−26 cm3=s
and D0 ¼ 1026 cm2=s.
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analyses (see Fig. 4). For the leptophilic channels, our
constraints are more stringent only in the smallmDM regime
(≤ 100 GeV). Specifically, if we take the thermal annihi-
lation cross section hσvi ¼ 2.2 × 10−26 cm3 s−1 derived in
standard cosmology [51], we can get the lower limits of
mDM for thermal annihilating dark matter (see Table I).
These limits are more stringent than that obtained from
gamma-ray analyses. We also show the lower limits ofmDM

for D0 ≤ 1027 cm2=s in Table I for comparison. The limits
for the nonleptophilic channels are still more stringent than
the gamma-ray limits.

IV. DISCUSSION AND CONCLUSION

In this article, by following the recent suggestions of the
dark matter existence in ω-Cen, we analyze the x-ray data
of ω-Cen to constrain annihilating dark matter. In particu-
lar, the conservative lower limits of thermal annihilating
dark matter mass (assuming the NFW profile) can be
constrained to 104(43) GeV, 650 (167) GeV, and 480
(137) GeV for τþτ−, bb̄, andWþW− channels, respectively,
assuming the diffusion coefficient D0 ≤ 1026ð1027Þ cm2=s.
The results will be slightly more conservative (less strin-
gent) if we assume the Burkert profile to describe the dark
matter density. Generally speaking, our results give more
stringent constraints compared with the radio analysis [9–
11], gamma-ray analysis [2,3] and neutrino analysis [19].
These show that using x-ray data of appropriate dwarf
galaxies might be able to give excellent constraints for
annihilating dark matter. In particular, one recent radio
analysis of the Large Magellanic Cloud has obtained a very
robust stringent constraintmDM < 480 GeV for quark anni-
hilation channels, with the thermal annihilation cross section
[11]. Our constraint on the bb̄ channel for D ≤ 1026 cm2=s
basically supports the stringent constraint obtained in [11] for
the sub–tera-electron-volt annihilating dark matter.
In our analysis, two uncertain diffusion parameters (D0

and δ) are involved. For the diffusion index δ, some models
have predicted the possible range of δ [46,47] and we have
examined a wider range δ ¼ 0.3–0.7 to minimize the
systematic uncertainty. For the diffusion coefficient D0,
theory can predict its order of magnitude [27,41,42] and the
prediction is consistent with the observed range ofD0 in the
Milky Way [43,44]. Based on the theoretical prediction, we
expect that the value of D0 for ω-Cen should be
≤ 1026 cm2=s. Many studies have also assumed D0 ∼
1026 cm2=s for dwarf galaxies [8,27,45]. Since the value
of D0 depends on structural size, and the size of ω-Cen is
much smaller than that of a typical dwarf galaxy, we believe
that taking D0 ≤ 1026 cm2=s would be a conservative
choice in our analysis. Even if we take a larger limit
D0 ≤ 1027 cm2=s, the lower limits of mDM for the
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FIG. 5. The solid lines and dashed lines, respectively, represent
the upper limits of hσvi against mDM derived from our analysis
with δ ¼ 0.7 for different annihilation channels following the
NFW profile and the Burkert profile, taking Lx ≤ 1 × 1030 erg=s
and D0 ¼ 1026 cm2=s. Here, we have assumed the 1σ lower
bounds of ρs and rs. The brown dotted line indicates the thermal
annihilation cross section hσvi ¼ 2.2 × 10−26 cm3=s [51].

TABLE I. The lower limits of mDM derived for thermal
annihilating dark matter based on our analysis and gamma-ray
analysis [2]. The second and third columns are our results
(following the NFW profile) while the fourth column are the
results of gamma-ray analysis from [2]. Here, we have assumed
hσvi ¼ 2.2 × 10−26 cm3=s and δ ¼ 0.7.

mDM (GeV) mDM (GeV) mDM (GeV)

Channel (D0 ≤ 1026 cm2=s) (D0 ≤ 1027 cm2=s) Gamma-ray

eþe− 17 10 15
μþμ− 52 24 3
τþτ− 104 43 70
bb̄ 650 167 100
WþW− 480 137 � � �
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FIG. 4. The solid lines represent the upper limits of hσvi against
mDM derived from our analysis with δ ¼ 0.7 for different
annihilation channels (assuming the NFW profile), taking Lx ≤
1 × 1030 erg=s and D0 ¼ 1026 cm2=s. Here, we have assumed
the 1σ lower bounds of ρs and rs. The dashed lines represent the
upper limits of hσvi derived from gamma-ray analysis of nearby
dwarf galaxies [2]. The brown dotted line indicates the thermal
annihilation cross section hσvi ¼ 2.2 × 10−26 cm3=s [51].
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nonleptophilic channels are still more stringent than the
gamma-ray limits (see Table I). In fact, it is also possible to
setD0 to be a free parameter. In principle, we can determine
the limits of dark matter mass in terms ofD0 by using Fig. 3
(assuming the thermal annihilation cross section). This is
similar to the radio study of ω-Cen and dwarf galaxies in
[52], which provides the limits of dark matter mass in terms
of the parameter space of D0 − hσvi. Moreover, due to the
small diffusion coefficient of ω-Cen, the electrons and
positrons can travel by a very long distance so that the
actual diffusion halo can be larger than the size of ω-Cen.
Nevertheless, the ICS region that we considered is assumed
to be the same region of the x-ray observations with radius
rh ¼ 3.9 pc [see Eq. (7)]. In other words, the ICS lumi-
nosity outside the x-ray observation region has not been
counted in our analysis.
Some previous gamma-ray studies of ω-Cen have

claimed the discovery of positive signals of annihilating
dark matter [33,53]. In the analysis of [33], the best-fit
mass and cross section are mDM ¼ 31� 4 GeV and
logðhσvi=cm3s−1Þ ¼ −28.2þ0.6

−1.2 respectively, annihilating
via bb̄ channel. In [53], two more possibilities have been
suggested: mDM¼9.10þ0.69

−0.62GeV with logðhσvi=cm3s−1Þ ¼
−26.5� 0.03 (qq̄ channel) or mDM ¼ 4.30þ0.09

−0.08 GeV with
logðhσvi=cm3s−1Þ¼−25.34�0.03 (μþμ− channel). Based
on our analysis, only the suggestion in [33] can escape from
our stringent constraints. Our results can safely rule out the
two possibilities suggested in [53]. Furthermore, recent
claims of dark matter interpretations of the gamma-ray
excess and antiproton excess in our Galaxy suggest
mDM≈31–40GeV with hσvi ≈ ð1.4 − 2.0Þ × 10−26 cm3=s
[54] and mDM ≈ 64–88 GeV with hσvi ≈ ð0.8 − 5.2Þ ×
10−26 cm3=s [55], respectively, annihilating via bb̄ chan-
nel. However, the constrained cross sections are larger than
our conservative upper limits by more than an order of
magnitude. Therefore, these claims are also safely ruled
out.
In our analysis, we have considered the s-wave dark

matter annihilation (constant annihilation cross section)
only. It is because the s-wave dark matter annihilation is the
simplest model and the thermal annihilation cross section
can be determined based on the standard cosmological
model. However, if the s-wave annihilation is suppressed so
that the p-wave annihilation is dominated, the annihilation
cross section would be proportional to the velocity
dispersion of dark matter [56]. In the ω-Cen, the velocity
dispersion observed is relatively small (< 25 km=s) so that
the p-wave annihilation signal would not be very signifi-
cant. However, if there exists a force carrier mediating the
dark matter particle interaction, the annihilation cross
section might be inversely proportional to the velocity

dispersion of dark matter. This is known as the Sommerfeld
enhancement [57]. Because of the small velocity dis-
persion, the Sommerfeld enhancement might give a rela-
tively larger annihilation signal in ω-Cen. The parameters
involved could be constrained by the observational data
(e.g., gamma-ray data).
As the CMB spectrum is well determined and the

physics of ICS is well understood, our analysis can give
very stringent constraints on giga-electron-volt to sub–tera-
electron-volt annihilating dark matter. It can provide a
useful complementary analysis for constraining dark mat-
ter. In fact, it has been suggested for a long time that using
x-ray data of dwarf galaxies can give certain constraints on
GeVor sub–tera-electron-volt annihilating dark matter [27–
29]. Nevertheless, many previous studies have mainly
focused on the signals produced from dark matter with
mass ranging from kilo-electron-volt to sub–giga-electron-
volt (decaying dark matter or leptophilic annihilating dark
matter) [22–26]. Not many studies have practically applied
our strategy to constrain dark matter with mass larger than
GeV. Here, we show that using x-ray data to constrain
giga-electron-volt to sub–tera-electron-volt annihilating
dark matter is very good, especially for the nonleptophilic
channels.
Moreover, using x-ray data to constrain dark matter has

one large advantage compared with the gamma-ray analy-
sis. The resolution of x-ray observations can be as small as
100 (∼keV) while the resolution of gamma-ray observations
is usually larger than 50. Such a high resolution of x-ray
detection can reveal the dark matter annihilation signal
within a small central region of a dwarf galaxy. Since dark
matter annihilation signals would be more prominent near
the central region of a galaxy or a galaxy cluster due to the
relatively high dark matter density, the observations using x
ray can focus on the small central emission region which
has more dark matter potential contribution. Therefore,
using x-ray data could be more likely to detect possible
signal of dark matter annihilation or improve the lower
limits of dark matter mass to a larger extent. We anticipate
that future x-ray observations of small dwarf galaxies can
possibly reveal the nature of dark matter.
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