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FIG. 3. Differential muon neutrino energy spectrum per an-
nihilation, taking neutrino oscillations into account. In this
example we assume a WIMP mass of 300 GeV and 100%
branching fraction into the corresponding annihilation chan-
nel.

J(ψ) =

∫ lmax

0

ρ2(
√

R2
sc − 2lRsc cosψ + l2)

Rscρ2sc
dl, (3)

where ψ is the angular distance from the Galactic Center
and lmax is the upper limit of the integral, defined as

lmax =
√

(R2
MW − sin2 ψR2

sc) +Rsc cosψ. (4)

We adopt a halo size of RMW = 40 kpc. Contributions
to the expected neutrino flux from beyond this range are
small, and are discussed as part of our systematic studies
on the result in section VI.
The annihilation products are highly model dependent

and we thus study extremes of the possible annihilation
channels assuming a branching ratio of 100% for each of
them in turn. We consider soft neutrino spectra produced
from the annihilation into quarks (bb̄), and hard spectra
as produced by annihilation into W+W− and µ+µ−. In
addition, we consider a neutrino line spectrum (χχ →
νν).
Neutrinos will have undergone extensive mixing

through vacuum oscillations over the distances travelled
across the Galaxy. We determine neutrino flavor oscil-
lations in the long baseline limit [32, 33], adopting val-
ues of sin2 2Θ12 = 0.86, Θ23 maximal (Θ23 ≃ π/4), and
Θ13 ≃ 0. The neutrino fluxes at Earth are then given by:

φνe ≃ φ0νe −
1

4
s2 (5)

and

φντ ≃ φνµ ≃ 1

2
(φ0νµ + φ0ντ ) +

1

8
s2, (6)

where φ0νi is the flux at injection and s2 is defined as

sin2 2Θ12(2φ
0
νe −φ0νµ −φ0ντ ). Note that the expected flux

for muon and tau neutrinos is equal.
The neutrino energy spectra were produced using

DarkSUSY [34], an advanced numerical software pack-
age for supersymmetric dark matter calculations, and are
shown in Fig. 3.
The differential neutrino flux from the annihilations

of neutralinos of mass mχ in the Galactic halo is given
by [31]:

dφν
dE

=
〈σAv〉

2
J(ψ)

Rscρ
2
sc

4πm2
χ

dNν
dE

, (7)

where dNν

dE is the differential neutrino multiplicity per
annihilation. Similar to the annihilation cross section,
one can search for signals from decaying dark matter [35]
and constrain the lifetime, τ . For decaying dark matter,
the expected neutrino flux is proportional to the dark
matter density along the line of sight, given by:

Jd(ψ) =

∫ lmax

0

ρ(
√

R2
sc − 2lRsc cosψ + l2)

Rscρsc
dl. (8)

The expected neutrino flux from the dark matter decay
is then:

dφν
dE

=
1

τ
Jd(ψ)

Rscρsc
4πmχ

dNν
dE

. (9)

We use identical halo model parameters in both the
dark matter annihilation and decay analyses. We assume
a smooth halo profile and discuss the effect of substruc-
ture separately.

IV. DATA SELECTION

The search for a clustering of neutrinos to indicate
an astrophysical neutrino source is one of the bench-
mark analyses performed by the IceCube collaboration.
Such a “point source” search relies on muon neutrinos
since the elongated tracks of the muons permit an accu-
rate reconstruction of the neutrino direction. The 22-
string detector configuration has produced a well un-
derstood neutrino candidate sample [36], extracted us-
ing likelihood-based track reconstructions and selecting
tracks from −5◦ to 85◦ in declination. The shape of the
likelihood function around the best-fit value is used to
estimate the angular uncertainty of the reconstructed
track [37], while the number of optical modules in the


