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break their degeneracy with the DM-proton elastic scattering cross section. Then, we consider

DM annihilations and decays in the galactic halo. By making use of the fact that neutrinos are the
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the total DM annihilation cross section and on the DM lifetime.
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Introduction.− The next generation of neutrino experiments will bring us tothe era of preci-
sion measurements in neutrino physics and may allow us to (totally or partially) break the so-called
neutrino degeneracies. Nevertheless and in addition to alltheir capabilities to solve the degeneracy
problem in the neutrino parameter space, present and futuredetectors, could also be good tools for
other purposes. Among the possible synergies of these detectors, they could be used to break some
of the degeneracies in the dark matter (DM) parameter space and to test some of the DM properties.

In this talk we consider three different possibilities for the origin of the studied neutrinos: from
DM annihilations in the center of the Sun and from annihilations and decays in our galactic halo. In
the first case we show that by using the spectral information provided by future neutrino detectors
some of the DM properties could eventually be reconstructed, as the type of the DM annihilation
channel (soft or hard) and the DM-proton elastic scatteringcross section [1]. In the other two
cases, we show how we could test some other DM properties, as the total DM annihilation cross
section [2, 3, 4] and the DM lifetime [5].

DM annihilations in the Sun.− Indirect signals of the existence of DM are expected to be
stronger if they come from places where DM may accumulate, asthe center of the Sun. In this case,
high-energy neutrinos would be produced in the DM annihilation either directly or by subsequent
decay of Standard Model (SM) particles.

Searches of these high-energy neutrinos have been performed in Čerenkov neutrino detectors
with no positive evidence found so far. Hence, stringent bounds have already been set [6] and
will be further improved by neutrino telescopes [7]. However, these experiments can only provide
limited information on the neutrino spectrum as they are notable to reconstruct the neutrino energy.
Here and following Ref. [1], we restrict our analysis to Magnetized Iron Calorimeter Detectors
(MIND) [8]. These detectors will not only measure preciselythe energy and direction of neutrino-
induced muons (and possibly of electrons [8]), but also the energy and angle of the hadron shower,
so that a good energy and direction resolution for the incoming neutrino will be achieved. Here
we show how the use of the neutrino spectra could help to breakthe degeneracy between the DM-
proton elastic scattering cross section and the branching ratios into soft or hard channels.

As the muon energy resolution for these detectors gets worseat high energies, we only con-
sider light DM candidates with masses below∼ 80 GeV and therefore, we focus on its dominant
annihilation modes for these masses, i.e.τ+τ− (hard) andbb̄ (soft) channels. Note also that due
to the relative “small” size of these detectors (as comparedwith neutrino telescopes) and the very
strong bounds on spin-independent cross sections coming from direct searches [9], we cannot con-
sider the case of DM annihilations in the Earth, as the abundance of nuclei with odd mass number
is extremely small. This is the reason why we focus on DM annihilations in the Sun, for which the
much more weakly constrained spin-dependent cross section[10] may play the dominant role.

We compute the number of electron and muon neutrino-inducedcharged-current events for
a DM mass of 50 GeV, by using the evolved neutrino spectra fromRef. [11]. We conservatively
consider nine 5-GeV energy bins, where the low energy cut is adopted to avoid the atmospheric
neutrino background. The expected number of muon (electron) neutrino-induced events in each bin
is computed as a function of the DM-proton elastic scattering cross section and of the branching
ratios intob+b− (soft channel) andτ+τ− (hard channel) and is then fitted performing aχ2 analysis.
For further details of this analysis we refer the reader to Ref. [1].
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Figure 1: Left panel: The solid blue (dotted-dashed red) contours denote the 90% CL limits, for 2 degrees of freedom,
for the simultaneous extraction of the DM-proton cross section and the annihilation branching ratio into theτ+τ−

channel with (without) energy information by using only fully-contained events with an exposure of 750 kton· yrs. The
results are for a DM mass of 50 GeV,σ = 7×10−3 pb and BRτ+τ− = 20%. The dashed magenta lines (inner contours)
illustrate the case (for 90% CL) in which the atmospheric neutrino background is integrated only over the real size of
the Sun. We also show the 90% CL excluded region by Super-Kamiokande [6]. Right panel: Same for a DM mass of
70 GeV,σ = 5×10−3 pb and BRτ+τ− = 10%. From Ref. [1].

In the left (right) panel of Fig. 1 we show the results for a DM mass of 50 GeV (70 GeV)
and the input values areσ = 7×10−3 pb (5×10−3 pb) and BRτ+τ− = 20% (10%). We have as-
sumed 750 kton· years of exposure and have only included electron-like and contained muon-like
events. The dotted-dashed red lines depict the 90% confidence level (CL) contours assuming that
no energy information is available: a larger annihilation rate could always be traded by a lower
branching ratio into a hard channel. Note that there is a continuous region of degenerate solutions,
and thus it is not possible to extract either the branching ratios or the DM-proton elastic scattering
cross section. Instead, if we include the information on theneutrino energy spectrum, we obtain
the 90% CL contours depicted by the solid blue line. The strong correlation betweenσ and BRτ+τ−

is broken: the differential neutrino spectrum for each possible annihilation channel (hard or soft)
has a characteristic shape, different from one channel to another. We also illustrate the results for
the ideal case for which the atmospheric neutrino background only contributes within the real an-
gular size of the Sun (dashed magenta lines). As can be seen, by considering a more detailed and
realistic angular resolution than that used (see Ref. [1]),our results would not significantly improve.

DM annihilations and decays in the galactic halo.− We consider now DM annihilations
and decays in our galactic halo and show how the null signal inpresent neutrino detectors allow
us to obtain very stringent and general bounds on the total DMannihilation cross section and DM
lifetime. The idea [2] is to assume that DM annihilates [2, 3,4] or decays [5] only into neutrinos,
so a limit on their flux, conservatively and in a model-independent way, would set an upper (lower)
bound on the DM annihilation cross section (lifetime). Thisis so because neutrinos are the least
detectable particles in the SM and hence any other possible annihilation (decay) mode would pro-
duce gamma rays, which are much easier to detect, and would allow one to set a much stronger (but
model-dependent) bound. Let us stress that this assumptionis not related to a particular and real-
istic case. Nevertheless and for the reasons just stated, itis valid for any generic model, in which
DM annihilates (decays) into at least one SM particle. Therefore, these bounds represent limits
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Figure 2: Bounds on the total DM annihilation cross section (left panel) and DM lifetime (right panel) for a wide range
of DM masses (mχ ) obtained using different approaches: full-sky signal (dark area), angular signal (light area) and 90%
CL limit using SK data at low energies [12] (hatched area). Other bounds are also shown. Left panel: the unitarity
bound [13], the limit above which the cusps of the DM halos aretoo flat (KKT) [14] and the natural scale for thermal
relics. Right panel: bounds from Cosmic Microwave Background (CMB) observations [16] and CMB plus Supernovae
data [17] (both at 2σ CL) and the lineτχ = tU , with tU ≃ 4×1017 s the age of the Universe. From Ref. [19].

on the total annihilation cross section (lifetime) of the DMcandidate and not only on its partial
annihilation cross section (lifetime) due to the annihilation (decay) channel into neutrinos. Even in
this conservative case, stringent bounds can be obtained bycomparing the expected time-integrated
annihilation signal of all galactic halos [2] and the signalfrom annihilations [3, 4] or decays [5] in
the Milky Way Halo with the background at these energies. Theconstraints so obtained are more
restrictive than other general limits [13, 14, 15, 16, 17] (however, see also [18]).

For Eν >
∼ 100 MeV, the main source of background for a possible neutrino signal from DM

annihilations or decays is the flux of atmospheric neutrinos. In this energy range, we follow the
approach of Ref. [3] where we refer the reader for details. Weobtain a general bound by comparing
the (νµ + νµ ) neutrino flux from DM annihilation (decays) in the halo withthe corresponding
atmospheric neutrino flux in an energy bin of width∆ log10Eν = 0.3 aroundEν = mχ (Eν = mχ/2).
The most conservative bound is obtained with the full-sky signal, and this is shown in both panels
of Fig. 2 where the dark areas represent the excluded regions. However, a better limit can be
obtained if we consider instead a field of view with a half-angle cone of 30o (30o

×

√

10GeV/Eν )
for neutrinos with energies above (below) 10 GeV. This limitis shown in both panels of Fig. 2 by
the dashed lines (light areas), which improves upon the previous case by a factor of a few.

As follows from these results, it is expected that a more detailed analysis should give more
stringent limits. We now show the results of a more careful treatment of the energy resolution and
backgrounds from Refs. [4, 5] (where we refer the reader for details). They substantially improve
(and extend) these limits in the energy range 15 MeV<

∼ Eν <
∼ 130 MeV where the best data comes

from the search for the diffuse supernova background by the Super-Kamiokande (SK) detector
which has looked at positrons in the energy interval 18 MeV–82 MeV [12]. By performing aχ2

analysis, analogous to that of the SK collaboration [12], wecompare the shape of the background
spectrum (the atmosphericνe andνe flux and the Michel electrons and positrons from the decays
of sub-threshold muons) to that of the signal, and we extractthe limits on the DM annihilation
cross section [4] and DM lifetime [5]. These 90% CL bounds areshown in both panels of Fig. 2
by the hatched areas and they clearly improve (and extend to lower masses) by about an order of
magnitude upon the general and very conservative bound for higher energies.
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Conclusions.− In this talk we have followed two different approaches [1, 2,3, 4, 5, 19] to
show how neutrino detectors can be used to break DM degeneracies and to test some of the DM
properties. They could be great tools to discriminate between different DM annihilation channels
(soft or hard), measure (or limit) the spin-dependent DM-proton elastic scattering cross section and
obtain model-independent bounds on the total DM annihilation cross section and DM lifetime.
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