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Abstract: Searching for very-high-energy photons arising from dark matter interactions
in selected astrophysical environments is a promising strategy to probe the existence and
particle nature of dark matter. Among the many particle candidates, motivated by the
extensions of the Standard Model, Weakly Interacting Massive Particles (WIMPs) are
considered the most compelling candidate for the elusive dark matter in the universe. In
this contribution, we report an overview of the important developments in the field of
indirect searching for dark matter through cosmic gamma-ray observations. We mainly
focus on the role of atmospheric Cherenkov telescopes in probing the dark matter. Finally,
we emphasize the opportunities for the Major Atmospheric Cherenkov Experiment (MACE)
situated in Hanle, India, to explore WIMPs in the mass range of 200 GeV to 10 TeV for
Seguel and Draco dwarf-spheroidal galaxies.

Keywords: VHE gamma rays; dark matter; imaging atmospheric Cherenkov telescopes;
weakly interacting massive particles

1. Introduction

In the Lambda Cold Dark Matter (ACDM) model of modern cosmology, approxi-
mately 85% of the total mass density of the universe is attributed to the contribution of
dark matter [1,2]. This concordance model has been found to be extremely successful in
explaining a number of astrophysical and cosmological measurements with high precision
at different scales and epochs of the present universe, containing two significant compo-
nents, namely dark energy (A) and CDM [3-5]. The standard ACDM model assumes flat,
homogeneous, and isotropic space-time to describe the large-scale geometry and dynamics
of the universe with a positive cosmological constant (A > 0) depending on the material
content. However, it cannot explain key cosmological concepts such as the existence of
dark energy [6], dark matter [7], and inflation [8] to fully understand the mysteries of the
universe. These concepts form a dark sector in the universe and individually constitute
independent fields in their own rights for active and dynamic research today.

Historically, the first dynamical estimate of the amount of matter in the Milky Way
Galaxy was attempted by Lord Kelvin (https://archive.org/details/baltimorelecture(
Okelviala. (1 February 2025)) in early 1900 by applying a simple and powerful argument
of the theory of gases to the galactic stellar population. An upper limit on the matter
density within a sphere of the radius ~3 x 10'® km in the Milky Way was derived by
establishing a relationship between the size of the system and velocity dispersion of the
system. Impressed by these estimates, Henri Poincaré, in 1906, argued that the abundance
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of dark matter should be less than or same as that of ordinary matter [9]. In 1933, the Swiss—
American astronomer Fritz Zwicky noticed a large scatter in the apparent velocity of eight
galaxies within the Coma cluster during his investigation of redshifts of galaxy clusters,
as published by Edwin Hubble [10]. Zwicky applied the famous virial theorem (from
thermodynamics) to the galaxy cluster for estimating the mass of the Coma cluster. From
his detailed calculation, he was able to conclude that ...if this would be confirmed, we would get
the surprising result that dark matter is present in much greater amount than luminous matter. This
statement is considered in the literature the first use of dark matter in a scientific publication
by Fritz Zwicky. In his seminal work on galaxy clusters, published in 1937, Fritz Zwicky
argued the possibility of deriving the masses of galaxies from their observed rotation
curves (the circular velocity of stars in a galaxy as a function of their distance from the
center of galaxy) without using any additional information [11]. In 1970, explicit statements
started appearing to suggest the need for additional mass in outer regions of some galaxies
to explain the peak position in the galaxy rotation curves predicted by a combination
of theoretical models and 21 cm radio observations [12,13]. The importance of radio
observations, extending beyond the optical radius of galaxies, was properly highlighted in
1974 for exploring the amount of dark matter in galaxies or galaxy clusters [14].

Over the past five decades or more, understanding pertaining to the existence of dark
matter has evolved considerably and species accounting for the bulk of the matter density
of universe are referred to as dark matter candidates. A large number of observations have
firmly established the cosmic abundance of cold dark matter as ~25% in the form of non-
baryonic matter and that of normal matter (standard model particles) as ~5% [2]. But, the
origin and nature of dark matter remain a leading mystery of cosmology, astronomy, and
particle physics. Well-motivated theoretical models propose various particle candidates
for dark matter with their masses spanning nearly 50 orders of magnitude [15,16]. These
candidates should comply with the requirements of dark matter measurements and provide
minimal coupling to the standard model particles. A significantly popular and potential
candidate for dark matter is considered a dynamical cold particle (in order to form the
large-scale structures observed in the universe) with neutral charge and long life-time.
Weakly Interacting Massive Particles (WIMPs) with mass in the GeV-TeV range, naturally
arising in some models beyond the standard model of particle physics, are considered
to represent a dominant family of such species [17]. However, their exact cosmic origin
and particle nature, mass, and coupling to standard model particles remain completely
elusive as they have escaped all the theoretical and experimental studies that have been
carried out until now on high-energy physics and cosmology. Here, we briefly review
the physical properties of WIMPs and attempts to probe them using very-high-energy
gamma-ray observations. We also discuss the potential of the MACE (Major Atmospheric
Cherenkov Experiment) telescope to investigate the WIMPs in the mass range 0.2-10 TeV.

2. Weakly Interacting Massive Particles

WIMPs are thought to have been thermally produced in the early universe to account
for the correct relic density of the present universe [18]. They are assumed to have been in
chemical equilibrium (reaction between the particles was balanced by a reverse reaction),
in addition to thermal equilibrium, during the initial state of universe after the Big Bang.
This means that the annihilation of WIMPs is balanced by creation of WIMPs through the
process of pair production. Local thermal equilibrium is provided by the elastic scattering
of WIMPs with standard model particles. Thermal decoupling, which predicts the matter
and radiation contents of the universe reasonably well, suggests that the dark matter
particles should have a thermal history. WIMPs are characterized by masses and typical
interaction strengths set by the physics at the electroweak scale. A pair annihilation cross-
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section naturally arises for WIMPs which can lead to a correct relic density (accounting for
~25% of the total energy budget of the universe). In the standard scenario of cosmology,
WIMPs couple to the thermal plasma of standard model particles with a typical coupling
strength at the electroweak scale, attain thermal and chemical equilibrium, and eventually
freeze out. Freeze-out might have occurred significantly after the end of reheating epoch,
when the energy density of the universe was dominated by radiation. A velocity-averaged

3 s71is typically required to be

annihilation cross-section (<ov>) of the order of 10720 cm
consistent with the results from observations [19]. This value of <ov> is expected to remain
constant during the evolution of the universe and may be treated as a benchmark in the
search for WIMPs as dark matter particles.

In general, WIMPs represent particles in the mass range from a few GeV to hundreds
of TeV. Most exotic particle candidates for dark matter, like the neutralino, sneutrino, and
gravitino from supersymmetry theory, the Kaluza—Klein particle from superstring theory,
and other candidates from beyond the standard model and extra-dimensional theories,
collectively form the WIMP family [17,20]. They are electrically neutral and interact
with baryonic or normal matter particles mainly through the electroweak interaction
coupling of the standard model in addition to the gravitational one in the dense regions
of the universe [21,22]. WIMPs not only address the dark matter problem but are also a
consequence of theoretical models proposed for the hierarchy problem [22,23]. Thus, they
are appealing candidates for dark matter from the theoretical as well as the experimental
point of view. Different types of experiments have been proposed and carried out for the
direct or indirect detection of WIMPs [24]. Direct detection experiments rely on electronic
or nuclear scatterings of WIMPs in targets like Xe, Na, Ar, O, Ge, W, etc., in the laboratory
or the production of WIMPs in the colliders for high-energy physics research like the Large
Hadron Collider (LHC). Indirect searches for dark matter are based on astronomical efforts
to detect standard model particles like neutrinos, electrons/positrons, protons/antiprotons,
gamma rays, and others produced in WIMP interactions via annihilation or decay. Here,
we concentrate on the most popular indirect search method for dark matter through the
detection of high-energy gamma-ray photons produced during WIMP annihilation.

3. Gamma-Ray Signal from WIMPs

Under the reasonable assumption that WIMPs can decay or annihilate into standard
model particles within the present age of the universe, it is possible to probe their pres-
ence and particle nature through the detection of different types of products of the above
phenomena from astrophysical objects. This will greatly help in proposing a better hy-
pothesis about the physical properties of dark matter particles. For kinematically possible
interactions, WIMPs are expected to annihilate into all possible pairs of standard model
particles like quarks, neutrinos, electrons, gamma rays, etc., with stable final states. Due to
the possibility of detecting these standard model particles using astronomical instruments,
gamma rays are the most interesting product among all. They can be produced in WIMP
interactions via two pathways. The most obvious pathway for gamma ray production
is the direct annihilation of WIMPs into gamma-ray photons. The energy of gamma-ray
photons is proportional to the mass of WIMPs, and they can be observed as gamma-ray
lines by telescopes. Alternatively, WIMPs can annihilate into quark-antiquark pairs, which
hadronize and produce swarms of standard model particles including gamma-ray photons
of different energies. The phenomena of quark-antiquark fragmentation is well known in
high-energy physics. WIMP annihilation can be described as a 2 — 2 process (x + x —
SM + SM; SM indicates a standard model particle), and the energy spectrum of end prod-
ucts like gamma-ray photons or other standard model particles with stable final states is
computed through decay, showers/jets, and hadronization. These processes are consid-
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ered in Monte Carlo simulation tools like DarkSUSY [25], micrOMEGAs [26], DMFIT [27],
PPPC4DMID [28] PYTHIA [29], MadDM [30], and HDMSpectra [31].

Gamma rays are generically the simplest among all possible final states of WIMP
annihilation as they move straight from the production site to the detector and therefore
can be used to easily locate the source in the universe. The differential energy spectrum of
the gamma-ray photons yielded via WIMP annihilation (i.e., two WIMPs annihilate into a
shower of standard model particles) is given by [32]

dp s <ov> dNy
E i 2 @

where <ov> is the velocity-averaged annihilation cross-section, m, is the WIMP mass,

and % represents the gamma-ray spectra resulting from annihilation into the standard
model particle of the type f with the branching ratio By. The final spectrum is the weighted
sum of various gamma-ray sub-spectra corresponding to different contributions specified
by the fractional values of B;. The parameters s = 1 and s = 1/2 imply the particle
types of WIMPs as Majorana (WIMPs are their own antiparticle) and Dirac (WIMPs have
antiparticles like electrons—positrons), respectively. | is the Astrophysical Factor which takes
into account the distribution of dark matter. A branching ratio of By = 100% is assumed if
WIMP annihilation into one particle species occurs with f = 1. For representation purposes,
dﬁ% spectra for WIMP annihilation into bb and 741~ quarks with a 100% branching ratio
for each channel are shown in Figure 1 corresponding to different values of m,. These
spectra were computed using the PYTHIA simulation package [29]. It is evident from
Figure 1 that the maximum energy of gamma rays produced in the WIMP annihilation for
a given channel of a standard model particle can be same as the WIMP mass. The strength
of the gamma-ray signal strongly depends on the value of the J-factor, which is defined as
the integral of squared density of the dark matter/WIMP along the line of sight (los) over
the solid angle AQ) and can be expressed as

] = / dQ/pz(r)dl 2

AQ) los

where AQ) is the observing solid angle, p(r) is the dark matter density distribution param-
eterized as a function of the radial distance » from the center of an astrophysical source,
and / is distance along the line of sight of the observer toward the source. For a spherically
symmetric dark matter distribution, the solid angle reduces to an integral over the angular
distance from the center of the source. For point-like sources, due to their large distances,
the solid angle is the same as the angular resolution of the telescope. From the above discus-
sions, it is evident that the expected gamma-ray signal from any astrophysical source due
to WIMP annihilation can be easily characterized by a specific differential energy spectrum
(%, from particle physics) and a specific spatial shape (J or p(r), from astrophysics). And,
the overall strength of the gamma-ray signal is determined by the product of these two
quantities in addition to <ov> for a given WIMP mass. Thus, astrophysical sources with
high dark matter density (i.e., large J-factor value) are the potential targets for searching for
strong gamma-ray signals from WIMP annihilation using gamma-ray telescopes.
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Figure 1. Simulated gamma-ray spectra via WIMP annihilation into bb (upper) and 777~ (lower)
quark species with 100% branching ratio for m, =1 TeV, 10 TeV, and 20 TeV using PYTHIA 8.2 [29].

4. Opportunity for MACE

MACE (Major Atmospheric Cherenkov Experiment) is the third-generation atmo-
spheric Cherenkov telescope for ground-based, very-high-energy gamma-ray observa-
tions using imaging techniques. It has been operational at an altitude of ~4.3 km
above mean sea level in Hanle (32°46'46"” N, 78°58/35" E) in the Ladakh region of In-
dia since 2021 [33,34]. Equipped with a quasi-parabolic reflector of a 21 m diameter
and 25 m focal length, MACE belongs to class of state-of-the-art, extremely large imag-
ing Cherenkov telescopes such as the prototype Large-Size Telescope (LST-1) for the
upcoming Cherenkov Telescope Array (CTA) observatory ( https://www.ctao.org (5
February 2025)), the Major Atmospheric Gamma Imaging Cherenkov (MAGIC) telescope
(https:/ /www.mpp.mpg.de/forschung/magic (5 February 2025)), and the High-Energy
Stereoscopic System (H.E.S.S.-II) telescope ( https://www.mpi-hd.mpg.de/HESS/ (5
February 2025)) operating in the world. Located in the eastern region, MACE appro-
priately fills the important longitudinal gap among the major gamma-ray observatories
and it can also be identified as the gamma-ray telescope operating at the highest level in
its class across the globe at present. Over the short span of its operation, MACE has been
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able to produce significant scientific results by detecting very-high-energy signals from a
number of astrophysical sources [35-37]. It is designed to probe the non-thermal universe
in the energy range above ~20 GeV with very high point-source flux sensitivity [38,39].

4.1. Expectations for MACE

The convolution of the instrument response function (e.g., effective area, point spread
function) of MACE with a gamma-ray spectrum from a source for a given annihilation
channel is used to estimate the number of observable events above the threshold energy of
the telescope. This can be expressed as

Emax
Ny = Tus [ 2 A (E)E ®)

Epin

where T, is observation time of the source, E,;;;, and E;;;, are the minimum and maxi-
mum energies of the gamma rays detected by the telescope, g—g is the differential energy
spectra of gamma rays corresponding to an assumed WIMP annihilation channel (given
by Equation (1)), and A,f¢(E) is the response function of the telescope which characterizes
the effective area as a function of photon energy (E), the zenith angle of observation, and
gamma-ray selection cuts. From the instrument response function, shown in Figure 2, it is
evident that the MACE telescope has the capability of detecting high-energy gamma-rays
with E,;;;, = 20 GeV and above. Therefore, the potential of MACE can be exploited to probe

the existence and properties of WIMPs in the GeV-TeV mass range.
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Figure 2. The effective area (A.sf) of MACE as a function of gamma-ray photon energy and its
comparison with that of other telescopes. HESS and VERITAS (Very Energetic Radiation Imaging
Telescope Array System) (https:/ /veritas.sao.arizona.edu/ (20 April 2025)) are arrays of four 12m-
diameter imaging atmospheric Cherenkov telescopes for stereoscopic observations.

The contribution of the J-factor plays an important role in determining the expected
strength of high-energy gamma-ray signals from an astrophysical source. Its value mainly
depends on the dark matter density profile p(r), the distance of the source, and the angular
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resolution of the telescope. For a given dark matter density profile, the J-factor is estimated
within an angular region of a radius equal to the point spread function (PSF) or angular res-
olution (defined as the angular radius of the 68% containment of the reconstructed position
of the reconstructed gamma-ray events) of the telescope using Equation (2). The imaging
camera at the focal plane of the MACE telescope comprises 1088-photo multiplier tubes
with a pixel resolution of 0.125° and provides an optical field of view of 4.36° x 4.03°. This
corresponds to a total solid angle of AQ) ~ 10~ sr for MACE observations [40]. For point-
like sources, the solid angle is same as the PSF of the telescope. The PSF of ground-based
gamma-ray telescopes like MACE decreases from large values to small values as a function
of increasing photon energy. For the MACE telescope, the PSF is ~ 0.1° for gamma-ray
photons with 100 GeV of energy [35]. A comparison of the differential flux sensitivity of
MACE with that of similar telescopes operating worldwide is shown in Figure 3. The better
sensitivity of the MAGIC, H.E.S.S and VERITAS telescopes compared to that of MACE can
be attributed to their stereoscopic observations of gamma-ray sources. However, the mono
MACE system has potential to explore gamma-rays in space with a reasonably high sensi-
tivity in the energy range from 200 GeV to ~2 TeV. It is expected to improve further with
the application of advanced machine learning techniques for signal extraction and the
implementation of new tools in the data analysis chain for the MACE telescope [41].

10—1[?

— MAGIC I

—— HES5

— VERITAS
MACE

19—11

10—12

E? x Flux Sensitivity (erg cm~2s71)

10—13 ; i .
10-1 10° 101
Energy (TeV)

Figure 3. The differential sensitivity of different observatories as a function of gamma-ray photon
energy. The better flux sensitivity of other telescopes compared to that of the monoscopic MACE is
due to their stereoscopic mode of observation.

In the case of null detection (statistical significance of gamma-ray signal is less than 5¢),
upper limits on the integral flux of gamma rays above E,;;;, are derived at a given confidence
level using information regarding the acceptance of the telescope, the mean zenith angle
of observations, and signal selection cuts obtained from Monte Carlo simulations [35].
The upper-limit estimation is described in detail by Tolamatti et al. [37] for the MACE
telescope. The value of the upper limit on integral flux, estimated using MACE observations,
can be used to calculate the exclusion limits on <ov> as a function of WIMP mass above
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20 GeV for different final states of annihilation. As is custom in the indirect search of
dark matter using high-energy gamma-ray observations, m, and <ov> are considered free
parameters by assuming single-channel annihilation spectra with By = 1 (i.e., complete
WIMP annihilation occurs in the specific channel each time) to derive the possible outcomes.

4.2. Plausible Targets

The strategy of selecting astronomical regions for the search for gamma-ray signals
from WIMP interactions includes regions with a high density of dark matter, high mass-to-
light ratios, and the minimum possibility of hosting astrophysical gamma-ray emitters (or
the minimum possible contamination of background gamma-ray photons of astrophysical
origin). This implies that quiescent galaxies without any ongoing star-formation activities
are the most likely targets to probe the dark matter properties through high-energy gamma-
ray observations using ground-based telescopes such as MACE. Also, the angular size of
the target source or galaxy should be less than or equal to the PSF of the telescope so that
the source can be considered point-like in the high-energy gamma-ray band. A detailed
description pertaining to the source selection for observations with MACE can be found
in [42]. A high mass-to-light ratio is also a key consideration for selecting astrophysical
targets. A large content of baryonic matter in a given target can have major drawbacks as it
reduces the expected gamma-ray flux from dark matter interactions.

The prominent targets for the indirect search for WIMPs through gamma-ray observa-
tions are the Galactic Center [43], dwarf spheroidal galaxies [44], and galaxy clusters [45].
Among these targets, dwarf spheroidal galaxies are the most promising due to their large
dark matter content, small spatial extension, very large dynamical mass-to-light ratio (up
to 1000 times that of the Sun) and close proximity (distance < 100 kpc) to Earth. Being
satellite galaxies of the Milky Way, dwarf spheroidal galaxies are observed to be dark matter-
dominated (containing 1000 times more mass as dark matter than that as visible/baryonic
matter) astrophysical systems without known a gas content or history of active star for-
mation [46]. Thus, the absence of gas and stars in the dwarf spheroidal galaxies provides
strong evidence of the negligible gamma-ray background produced by known astrophys-
ical processes [47]. This also reduces the chances of diffuse gamma-ray background for
searching for high-energy signals from WIMP interaction. The distance distribution of
known dwarf spheroidal galaxies is presented in Figure 4. It is observed that most of the
dwarf spheroidal galaxies are relatively near to Earth. Therefore, individual stars around
them are easily resolved and their dark matter content can be better determined using
stellar kinematic data. This is important for predicting the relative strength and spatial
distribution of the gamma-ray signal expected from each dwarf spheroidal galaxy. Recent
studies suggest that dwarf spheroidal galaxies exhibit a variety of dark matter densities,
despite large uncertainties stemming from the dynamical modelling of their density profiles
due to the unavailability of sufficient observational data [48,49]. The distribution of the
J-factor, within the PSF of MACE, estimated using the popular Navarro-Frenk-White
(NFW) density profile in Equation (2), is shown in Figure 5. The NFW radial density profile
p(r) of dark matter in dwarf spheroidal galaxies is defined as [50]

o =n (7)) (+5)

where p;s and 7, are the scale density and scale radius, respectively. The values of ps; and
ts are determined using the kinematical data of the sources. The potential targets for
observations with ground-based gamma-ray telescopes like MACE are mainly selected on
the basis of a smaller distance from Earth and highest J-factor value. Due to their small
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angular size and distance at the kpc scale, most dwarf spheroidal galaxies appear as a near
point source for gamma-ray telescopes with the point spread function ~ 0.1°.
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Figure 4. Distance of the known dwarf spheroidal galaxies from Earth.
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Figure 5. Astrophysical J-factor of known dwarf spheroidal galaxies for NFW density profile of
dark matter.

5. Discussion and Conclusions

We selected two dwarf spheroidal galaxies, Segue 1 (distance ~ 23 kpc; J-factor
~ 2.4 x 101 GeV? cm®) and Draco (distance ~ 76 kpc; J-factor ~ 8.5 x 108 GeV? cm ),
for searching for high-energy gamma-ray signals using the MACE telescope. From the
visibility criteria of astronomical objects from a given ground-based observatory, Segue
1 and Draco can be monitored using MACE over the zenith angle range of 15°-70° and
25°-65°, respectively. Observations of these sources are ongoing, and stringent upper limits
on the parameters of WIMPs in the mass range of 200 GeV to 10 TeV are expected to be
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derived with MACE data collected for more than 100 h from each source [51]. The upper
limits on <ov> at a 3¢ confidence level as a function of m, for WIMP annihilation into bb
and "7~ quarks with a 100% branching ratio, expected from 100 h of MACE observations
in the directions of Segue 1 and Draco, are presented in Figure 6. It is expected that
dedicated MACE observations would be able to provide a 3¢ upper limit of the order
of 1072* cm® s7! on <ov> for WIMP annihilation of the mass m, ~ 300 GeV into t+7~.
A more stringent upper limit on <gv> can be derived from longer observations of Segue 1
and Draco with MACE.

For the first time, initial scientific data from the Fermi-LAT (Large-Area Telescope)
recorded using a sample of eight dwarf spheroidal galaxies including Segue 1 and Draco
during 2008-2010 were used to rule out models mostly with generic values of <ov>
~ 3x 1072 cm® s7! up to my, = 27 GeV and 37 GeV for the bb and 777~ channels,
respectively [52]. Robust upper limits of ~ 10726 cm3 s™! and 5 x 10723 cm® s~ ! at a 95%
confidence level at m, =5 GeV and m, =1 TeV, respectively, were placed on <cv> for the
Tt 7~ channel without using any boosting for the J-factor value. A combined analysis of
6 years of data from the Fermi-LAT with a larger sample of 15 dwarf spheroidal galaxies
including Segue 1 and Draco was used to derive the strongest constraints on <ov> for
m, < 100 GeV annihilation via quark and 7-lepton channels [44]. A more recent study, us-
ing a larger dataset across 12 years from Fermi-LAT observations of 12 spheroidal galaxies
including Segue 1, reported a very weak gamma-ray signal at a very low confidence level
(less than 2¢) assuming WIMP annihilation into 747~ for m, = 14 GeV and 80 GeV [53].
The ground-based MAGIC telescope has also observed Segue 1 and Draco for ~158 h and
52 h, respectively, during their multi-year observation program since 2011 in search for
WIMPs, but no hint of high-energy gamma-ray signal has been detected [54]. Therefore,
a stringent limit on the value of <ov> of the order of ~ 1072 cm3 s~ at m, = 1 TeV has
been derived. Another study, using a legacy dataset of 638 h of data collected on 17 dwarf
spheroidal galaxies including about 127 h of data on Segue 1 with the VERITAS telescope,
reported results from null detections for a broad dark matter particle mass range of 200 GeV
to 30 PeV [55]. Observations of the Sculptor and Carina dwarf spheroidal galaxies with the
H.E.S.S. telescope array, for a total of 11.8 h and 14.8 h, respectively, also provided upper
limits on <ov> in the range of 1072 cm?® s7! to ~ 1072*cm® s~! depending on the final
state of dark matter annihilation [56]. The detection of no significant gamma signal from the
monitoring of 16 dwarf spheroidal galaxies in 700 day of data at the Large High-Altitude
Air Shower Observatory (LHAASQO) was also reported and the most stringent constraints
on <gv> for my up to EeV were derived [57]. The above upper limits or constraints on
<ov>, derived from different observations of the dwarf spheroidal galaxies, are comparable
to the results from a galactic halo with larger uncertainties [58]. Finally, we stress that
the observational program of MACE with Segue 1 and Draco, after completing more than
100 h of monitoring of each source, will improve the exlusion limits of <ov> in the largely
unexplored WIMP mass range of 200 GeV to 10 TeV. Further, MACE observations will be
combined with the Fermi -LAT to improve the results over a wide energy range as the
dynamic energy range covered by MACE sufficiently overlaps with that of the Fermi -LAT
below 200 GeV.
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Figure 6. MACE sensitivity for <ov> as a function of WIMP mass expected from 100 h of observations
of Segue 1 (up) and Draco (down). The sensitivity curves are derived for WIMP annihilation into bb
and 771~ quarks with 100% branching.
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