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Abstract: The nearby dwarf spheroidal galaxy Draco with its high mass to light ratio is a promising
target for indirect dark matter (DM) searches. It is locatedat a distance of about 82 kpc, at the edge of
the Milky Way. The dwarf galaxy is enclosed by a DM halo where the DM particle may annihilate and
produce an observable gamma-ray flux.
Among the different DM particle candidates is the neutralino, the lightest supersymmetric (SUSY) parti-
cle, very favored. Looking at the high energetic photon channel, neutralino annihilation produces mainly
a continuous spectrum with a characteristic cut-off at the neutralino mass. Accelerator experiments pro-
vide a lower mass limit of 45 GeV, thus the cut-off is expectedto be between 45 GeV and several TeV.
The MAGIC telescope at the Canary Islands has the lowest energy threshold of all ground based very
high energy gamma-ray observatories and is therefore best suited to search for these signals.

Introduction

One of the main questions of cosmology is the
nature of dark matter (DM). In 1933, Zwicky
estimated the total mass needed to keep galaxy
clusters together [17]. The visible mass appeared
far too low to provide a sufficiently strong po-
tential and a different kind ofdark matter was
postulated. Recent supporting experimental
evidence for DM comes from Hubble-ACS [7].
The total amount of DM can be estimated by using
data from the cosmic microwave background [14],
from large scale structure data, from data on the
Lyman α absorption line and from the Big Bang
nucleosynthesis. From these one can extract the
different contributions to the total energy density
Ωtot of the universe:

Ωtot = ΩΛ + ΩDM + Ωbaryons= 1.02 ± 0.02

with ordinary matter (calledbaryonicmatter) ac-
counting for only Ωbaryons = 0.044 ± 0.004.
The vast majority is contributed from dark matter

(ΩDM = 0.23 ± 0.04) and the enigmatic dark en-
ergy (ΩΛ = 0.73±0.04). DM itself could come as
cold DM (consisting of non-relativistic particles)
andhot DM (consisting of ultra-relativistic parti-
cles at the time of recombination).

Today, hot DM is disfavored by large scale struc-
ture formation to be the main participant to DM.
For cold DM, so-called WIMPs (Weakly Interact-
ing Massive Particles) are the favored candidates.
Among those, the lightest and hence stable (if R-
parity is conserved) neutralinoχ0

1, a linear combi-
nation of the neutral superpartners of the W3, B0

and the neutral Higgs bosons in the SUSY frame-
work, is the most studied candidate, since SUSY
could not only explain the DM, but would also
solve fundamental problems in the standard model
of particle physics.

The neutralino can annihilate with another neu-
tralino, producing pairs of standard model par-
ticles. Direct annihilations intoγγ produce a
sharp line-spectrum corresponding to the neu-
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tralino mass, but are loop suppressed and therefore
very rare. On the other hand, the decay ofτ lep-
tons and the hadronisation of quarks result inπ0

decaying into twoγ. This results in a continuous
spectrum with a cutoff corresponding to the neu-
tralino mass.

Expected γ-Ray Flux From Neutralino
Self-Annihilation

The expectedγ-ray flux depends on details of the
SUSY model as well as on the distribution of the
DM in a source. Depending on SUSY parameters,
the annihilation cross section as well as the average
number ofγ and the exact shape of theγ-spectrum
can change drastically. The (squared) DM density
profile results only in a normalization factor for the
total flux.

The expectedγ-ray flux above an energyE0 is
therefore calculated by:

Φγ(E > E0) =
Nγ(E > E0) 〈σv〉

8πm2
χ

×

×
1

∆Ω

∫

∆Ω

B(Ω) dΩ ×

∫

los

ρ2 (Ω, Ψ, s) ds

where

Nγ photon yield per annihilation withE > E0

〈σv〉 thermally averaged annihilation cross-section
mχ neutralino mass
∆Ω field of view of the observation
B(Ω) angular resolution of the detector
ρ(r) DM density profile at the source
Ψ Pointing angle;Ψ=0 corresponds to center
los line of sight.

We simulated within the mSUGRA framework [2,
5, 4, 6] several models within the ’natural’ bound-
aries: scalar massm0 < 6 TeV, gaugino mass
m1/2 < 4 TeV, trilinear coupling -4 TeV< A0 <
4 TeV, tanβ < 50 andµ= +1 [15].

Figure 1a summarizes the thermally averaged neu-
tralino annihilation cross sections of all models not
violating any observational constraints as well as
resulting in a total relic density in agreement with
the upper limit of 0.13> Ωνh2 as derived from
WMAP [14]. The green points originate from
models withm0 < 2 TeV (as favored by par-
ticle physics), and the red points havem0 > 2

TeV. Models resulting in a relic density below the
lower WMAP-limit 0.094< Ωνh2 are acceptable,
since it can not be excluded that the neutralino
contributes only a fraction to the total DM in the
universe. But for these models, a scale factor of
Ωνh2/ΩWMAP has to be applied, resulting in the
blue points in figure 1b.

Figure 1: Thermally averaged neutralino annihila-
tion cross section vs. neutralino mass for surviving
mSUGRA models before (top) and after (bottom)
renormalization to the relic density. See text for
details.
The line in the lower plot indicates the sensitiv-
ity of the MAGIC telescope for 50h observation of
Draco. See next section for details.
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The Draco Dwarf Galaxy

Draco is a dwarf spheroidal galaxy accompany-
ing the Milky Way at a galactocentric distance of
about82 kpc. It is characterized by a high mass to
light ratio: M/L > 200. According to [11] dwarf
spheroidal galaxies are highly DM dominated as
the initial gas content of these galaxies has been
stripped away by a combination of ram pressure
and tidal shocks, as the UV background heated the
gas and it was only loosely bound to the core of the
galaxy.

In general, the DM distribution of the halo of
a spheroidal galaxy is modeled by a power law:
ρDM(r) = Cr−α, where the parameterα ≥ 0 de-
scribes the crucial shape of the DM distribution in
the innermost region. Main models are thecusp
profile for α ≥ 1 and thecore profilewith a central
flat region withα = 0. All models with α > 0
demand a small core of constant density, because
the annihilation rate cannot be greater than the in-
fall of other particles to the central annihilation re-
gion [16]. Whether Draco is affected by tidal strip-
ping or not is the topic of an ongoing debate and for
example discussed in [9, 8, 12, 10]. For the outer-
most parts of the halo, we assumed an exponential
cut-off appropriate for Draco [13]:

ρDM = Cr−α exp

(

−
r

rb

)

with the following values for the different profiles:

profile C rb(kpc) α

cusp 3.1 × 107 M⊙ kpc−2 1.189 1

core 3.6 × 108 M⊙ kpc−3 0.238 0

Table 1: Parameters considered for cusp and core
DM density profiles.

The factor

J(Ψ) =
1

∆Ω

∫

∆Ω

B(Ω) dΩ

∫

los

ρ2 (Ω, Ψ, s) ds,

which denotes the integration ofρ2 along the line
of sight smeared out with an angular resolution
of 0.1◦, is shown in figure 2 for the cusp and the
core profile. When pointing directly to the center

of Draco the two models cannot be distinguished,
while the expected very low flux atΨ > 0.5◦ pro-
hibits useful results with current detectors.

Figure 2: The factorJ(Ψ) for the cusp (red) and the
core (blue) profile. See text for details.

The line in figure 1b indicates the sensitivity for
50h observation of the center of Draco with the
MAGIC telescope, assuming these DM density
profiles. This appears presently out of reach, how-
ever, the amount ofγ originating from neutralino
annihilations could be boosted under the assump-
tion that the DM distribution is not smooth within
the given profiles, but show some clumpiness.

Observation

Among all the Imaging Air Cherenkov Telescopes,
MAGIC is the largest single dish facility in op-
eration (see e.g., [1, 3] for a detailed descrip-
tion). It is located on the Canary Island La Palma
(28.8◦N, 17.8◦W, 2200 m a.s.l.), the 17-m diame-
ter tessellated reflector of the telescope consists of
964 0.495×0.495m2 diamond-milled aluminum
mirrors, mounted on a light weight frame of car-
bon fiber reinforced epoxy tubes. The Cherenkov
light emitted by airshowers induced by high ener-
getic particles hitting the atmosphere is reflected
and focused on the MAGIC camera, consisting of
576 enhanced quantum efficiency photomultiplier
(PMT). The analog signals are transported via opti-
cal fibers to the trigger electronics and are read out
by a 2GSamples/s FADC system. The total field of
view is 3.5◦, and the trigger region of the camera
has a diameter of2.0◦, which results in a trigger
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collection area of about105 m2 for γ-rays at small
zenith angles (ZA). The energy trigger threshold is
for the same conditions at 60 GeV. The collection
area is larger for higher ZA but then the energy
threshold is also higher. Since measuring at lower
energies is crucial for such observations, we have
to restrict to the smallest possible ZA. At La Palma,
Draco culminates at about30◦ ZA. As it is located
well above the galactic plane, no stars brighter than
11th magnitude are found in its vicinity.

Observations on Draco with the MAGIC telescope
is at the time-being still going on. Achieved results
will be presented at the conference.
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