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ergy cosmic rays enter the Earth’s upper atmosphere they
produce extended air showers, a part of which includes
high energy pions and kaons. The decay of these mesons
results in a continuous stream of neutrinos and muons.
These are known as atmospheric muons and neutrinos,
and their flux is regulated by the path length and time
the parent particles had in the atmosphere to lose energy
or decay. The resulting neutrino spectrum obeys a power
law with a spectral index of γ ≈ 3.7 [21, 22]. High energy
muons are capable of travelling long distances through
matter before they eventually decay, resulting in a down-
going muon flux at the IceCube detector. In contrast,
neutrinos below 100 TeV can traverse the Earth without
significant absorption losses. To distinguish between a
muon produced from a charged current interaction of a
muon neutrino from those produced in the atmosphere,
we select only tracks that enter the detector from below
the horizon. Given the 22-string detector configuration
(see Fig. 1) for the analysis presented here, the total trig-
ger rate was approximately 550 Hz, dominated by down-
going atmospheric muons. A pre-selection at the South
Pole for up-going reconstructed tracks reduces the data
rate to 20 Hz, which is sent by satellite to be processed
offline.

III. HALO PROFILES AND SIGNAL

EXPECTATIONS

Recent advances in N-body simulations [23] and grav-
itational lensing observations [24] have provided reliable
predictions of the dark matter density distribution in the
Milky Way (MW). While the outer regions of the dark
matter halo of the Milky Way (several kpc away from the
Galactic Center (GC)) are relatively well modelled, the
structure of its central region is still a matter of debate
since it can neither be resolved in simulations, nor di-
rectly measured. Not surprisingly, halo models generally
show very similar behavior at large distances from the
Galactic Center, but differ significantly in their predic-
tions near it. This effect is shown in Fig. 2, where the
dark matter density, ρ(r), predictions from several spher-
ically symmetric halo profiles obtained from N-body sim-
ulations are compared. We show four different distribu-
tion functions which are used in our analysis. Since we
only use neutrinos from the northern sky, the effective
dark matter densities which dominate the analysis are
those between a distance from roughly 4 kpc to 20 kpc
from the Galactic Center. In this range the various halo
profiles are relatively consistent in their description of
the dark matter density. This agreement allows us to
constrain the dark matter self-annihilation cross section
with minimal halo profile dependence.
We use the Einasto [25, 26] and Navarro-Frenk-White

(NFW) [27] profiles as benchmark models, while the
Moore [28], and Kravtsov [29] profiles are applied as ex-
treme cases to estimate the impact of halo model choice
on the result. The Einasto profile is given by:

TABLE I. Summary of the parameters of Eq. 2 used in this
analysis.

Halo Model α β γ rs/kpc ρ(Rsc)/
GeV

cm3

NFW 1 3 1 20 0.3

Moore 1.5 3 1.5 28 0.27

Kravtsov 2 3 0.4 10 0.37
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with α = 0.16 [30], r−2 = 20 kpc, and ρ−2 normalized to
a dark matter density 0.3GeV

cm3 at the solar system’s orbit
in the Galaxy (Rsc = 8.5 kpc). The remaining three
profiles can be described by the following function:
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where the variables (α, β, γ, rs) [31] take different numer-
ical values (listed in Table I) for the three models. The
normalizations are chosen such that the mass contained
within the orbit of the Solar System in the Galaxy pro-
vides the appropriate dark matter contribution to the
local rotational curves, and yields a local dark matter
density ρsc = ρNFW(Rsc) = 0.3GeV

cm3 for the NFW profile.
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FIG. 2. Comparison of the dark matter density distribution,
ρ(r), as a function of distance from the Galactic Center as
described by the Einasto, NFW, Kravtsov, and Moore halo
profiles. The shaded area indicates the region where the pre-
sented analysis is sensitive.

The expected neutrino flux, φν , from dark matter self-
annihilations is proportional to the square of the dark
matter density integrated along the line of sight J(ψ):


