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In this talk we show how future neutrino detectors could betlis break some of the degeneracies
in the dark matter (DM) parameter space and to test some dDkheroperties. We consider
first the case of annihilations inside the Sun and show hoectiets with good neutrino energy
resolution could help to discriminate between differemtihitation channels (soft or hard) and
break their degeneracy with the DM-proton elastic scattedross section. Then, we consider
DM annihilations and decays in the galactic halo. By makisg aof the fact that neutrinos are the
least detectable particles of the Standard Model and asgudVl only annihilates or decays into
neutrinos, we show how future neutrino detectors could katgools to obtain general limits on
the total DM annihilation cross section and on the DM lifegim
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Introduction.— The next generation of neutrino experiments will bring uth®era of preci-
sion measurements in neutrino physics and may allow ustlft@r partially) break the so-called
neutrino degeneracies. Nevertheless and in addition theifl capabilities to solve the degeneracy
problem in the neutrino parameter space, present and fdéteetors, could also be good tools for
other purposes. Among the possible synergies of thesetdetethey could be used to break some
of the degeneracies in the dark matter (DM) parameter spattdest some of the DM properties.

In this talk we consider three different possibilities foe torigin of the studied neutrinos: from
DM annihilations in the center of the Sun and from annihilasi and decays in our galactic halo. In
the first case we show that by using the spectral informatromigeed by future neutrino detectors
some of the DM properties could eventually be reconstryasdhe type of the DM annihilation
channel (soft or hard) and the DM-proton elastic scattearass section [1]. In the other two
cases, we show how we could test some other DM propertiefieawtal 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 accumulattheasenter of the Sun. In this case,
high-energy neutrinos would be produced in the DM anniiaifakither directly or by subsequent
decay of Standard Model (SM) particles.

Searches of these high-energy neutrinos have been ped‘dnﬁkerenkov neutrino detectors
with no positive evidence found so far. Hence, stringentrnidguhave already been set [6] and
will be further improved by neutrino telescopes [7]. Howgtkese experiments can only provide
limited information on the neutrino spectrum as they areaft to reconstruct the neutrino energy.
Here and following Ref. [1], we restrict our analysis to Matjpred Iron Calorimeter Detectors
(MIND) [8]. These detectors will not only measure precisttlg energy and direction of neutrino-
induced muons (and possibly of electrons [8]), but also tiergy and angle of the hadron shower,
so that a good energy and direction resolution for the inagnmieutrino will be achieved. Here
we show how the use of the neutrino spectra could help to lreallegeneracy between the DM-
proton elastic scattering cross section and the branchiingsrinto soft or hard channels.

As the muon energy resolution for these detectors gets vadrisgh energies, we only con-
sider light DM candidates with masses belew80 GeV and therefore, we focus on its dominant
annihilation modes for these masses, &1~ (hard) andob (soft) channels. Note also that due
to the relative “small” size of these detectors (as compaidia neutrino telescopes) and the very
strong bounds on spin-independent cross sections comingdirect searches [9], we cannot con-
sider the case of DM annihilations in the Earth, as the abw®laf nuclei with odd mass number
is extremely small. This is the reason why we focus on DM aatibns in the Sun, for which the
much more weakly constrained spin-dependent cross sdttipmay play the dominant role.

We compute the number of electron and muon neutrino-indatedged-current events for
a DM mass of 50 GeV, by using the evolved neutrino spectra fRah [11]. We conservatively
consider nine 5-GeV energy bins, where the low energy cutlapi@d to avoid the atmospheric
neutrino background. The expected number of muon (electraumrino-induced events in each bin
is computed as a function of the DM-proton elastic scattedross section and of the branching
ratios intob™ b~ (soft channel) and™ 7~ (hard channel) and is then fitted performing%analysis.
For further details of this analysis we refer the reader th R¢
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Figure1: Left panel: The solid blue (dotted-dashed red) contourstiethe 90% CL limits, for 2 degrees of freedom,
for the simultaneous extraction of the DM-proton crossisacand the annihilation branching ratio into th&ér~
channel with (without) energy information by using onlyljutontained events with an exposure of 750 kigns. The
results are for a DM mass of 50 GeW,= 7 x 10~3 pb and BR+ ;- = 20%. The dashed magenta lines (inner contours)
illustrate the case (for 90% CL) in which the atmospherictriea background is integrated only over the real size of
the Sun. We also show the 90% CL excluded region by Super-t&amide [6]. Right panel: Same for a DM mass of
70 GeV,0 =5x 1073 pb and BR+,- = 10%. From Ref. [1].

In the left (right) panel of Fig. 1 we show the results for a DNasa of 50 GeV (70 GeV)
and the input values are@ = 7 x 103 pb (5x 103 pb) and BR:,;- = 20% (10%). We have as-
sumed 750 kton years of exposure and have only included electron-like amiained muon-like
events. The dotted-dashed red lines depict the 90% conédewel (CL) contours assuming that
no energy information is available: a larger annihilatiatercould always be traded by a lower
branching ratio into a hard channel. Note that there is amoots region of degenerate solutions,
and thus it is not possible to extract either the branchitigsa@r the DM-proton elastic scattering
cross section. Instead, if we include the information onrteetrino energy spectrum, we obtain
the 90% CL contours depicted by the solid blue line. The gtiarrelation betweea and BR+ ;-
is broken: the differential neutrino spectrum for each fiesannihilation channel (hard or soft)
has a characteristic shape, different from one channeldthan We also illustrate the results for
the ideal case for which the atmospheric neutrino backgtaunty contributes within the real an-
gular size of the Sun (dashed magenta lines). As can be sgeonbidering a more detailed and
realistic angular resolution than that used (see Ref. ¢l 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 signptésent neutrino detectors allow
us to obtain very stringent and general bounds on the totabDMhilation cross section and DM
lifetime. The idea [2] is to assume that DM annihilates [24Bor decays [5] only into neutrinos,
so a limit on their flux, conservatively and in a model-indegent way, would set an upper (lower)
bound on the DM annihilation cross section (lifetime). Tisiso because neutrinos are the least
detectable particles in the SM and hence any other possibidikation (decay) mode would pro-
duce gamma rays, which are much easier to detect, and wéada@ie to set a much stronger (but
model-dependent) bound. Let us stress that this assumptiwot related to a particular and real-
istic case. Nevertheless and for the reasons just statiesdyatid for any generic model, in which
DM annihilates (decays) into at least one SM particle. Thees these bounds represent limits
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Figure 2: Bounds on the total DM annihilation cross section (left jaard DM lifetime (right panel) for a wide range
of DM massesitfy) obtained using different approaches: full-sky signatkdaea), angular signal (light area) and 90%
CL limit using SK data at low energies [12] (hatched area)hedtounds are also shown. Left panel: the unitarity
bound [13], the limit above which the cusps of the DM halostareflat (KKT) [14] and the natural scale for thermal
relics. Right panel: bounds from Cosmic Microwave Backgib(CMB) observations [16] and CMB plus Supernovae
data [17] (both at @ CL) and the linery = ty, withty ~ 4 x 107 s the age of the Universe. From Ref. [19].

on the total annihilation cross section (lifetime) of the Dsindidate and not only on its partial
annihilation cross section (lifetime) due to the annildat(decay) channel into neutrinos. Even in
this conservative case, stringent bounds can be obtainedmparing the expected time-integrated
annihilation signal of all galactic halos [2] and the sigfram annihilations [3, 4] or decays [5] in
the Milky Way Halo with the background at these energies. ddmwstraints so obtained are more
restrictive than other general limits [13, 14, 15, 16, 1 Gwver, see also [18]).

For E, £ 100 MeV, the main source of background for a possible neutsignal from DM
annihilations or decays is the flux of atmospheric neutrinosthis energy range, we follow the
approach of Ref. [3] where we refer the reader for details oWfain a general bound by comparing
the (v, + V) neutrino flux from DM annihilation (decays) in the halo withe corresponding
atmospheric neutrino flux in an energy bin of widtfog,(E, = 0.3 arounde, = m, (E, = m,/2).
The most conservative bound is obtained with the full-skyal, and this is shown in both panels
of Fig. 2 where the dark areas represent the excluded regibliosvever, a better limit can be
obtained if we consider instead a field of view with a halffengpne of 30 (30° x /10GeV/E,)
for neutrinos with energies above (below) 10 GeV. This limishown in both panels of Fig. 2 by
the dashed lines (light areas), which improves upon thequewcase by a factor of a few.

As follows from these results, it is expected that a moreildgtaanalysis should give more
stringent limits. We now show the results of a more carefatiment of the energy resolution and
backgrounds from Refs. [4, 5] (where we refer the reader ébtaits). They substantially improve
(and extend) these limits in the energy range 15 MeFE, < 130 MeV where the best data comes
from the search for the diffuse supernova background by tigeiSKamiokande (SK) detector
which has looked at positrons in the energy interval 18 M@MRV [12]. By performing ax?
analysis, analogous to that of the SK collaboration [12],campare the shape of the background
spectrum (the atmospheng andv, flux and the Michel electrons and positrons from the decays
of sub-threshold muons) to that of the signal, and we exttaetimits on the DM annihilation
cross section [4] and DM lifetime [5]. These 90% CL boundssirewn in both panels of Fig. 2
by the hatched areas and they clearly improve (and extermer Imasses) by about an order of
magnitude upon the general and very conservative bounddgbehenergies.



Breaking Dark Matter Degeneracies with Neutrino Detectors Sergio Palomares-Ruiz

Conclusions.— In this talk we have followed two different approaches [1324, 5, 19] to
show how neutrino detectors can be used to break DM degeéeeraicd to test some of the DM
properties. They could be great tools to discriminate betwdifferent DM annihilation channels
(soft or hard), measure (or limit) the spin-dependent DIdtqn elastic scattering cross section and
obtain model-independent bounds on the total DM annibitatiross section and DM lifetime.
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