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Astro/Cosmo Evidences of DM
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Not the only Dark Matter around...

“The genomes of multicellular animals are big and complex, but functions have been defined for 
only a small proportion of them. Only 1% of the human genome is transcribed into protein-coding 
messenger RNA (mRNA) and non–protein-coding RNA (ncRNA), and DNA elements that 
control the expression of genes occupy another ∼0.5%, suggesting that the remaining “dark 
genome” is nonfunctional padding.”

M. Blaxter, “Revealing the Dark Matter of the Genome”, Science 330, 1758, 2010
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Not the only Dark Matter around...

“The genomes of multicellular animals are big and complex, but functions have been defined for 
only a small proportion of them. Only 1% of the human genome is transcribed into protein-coding 
messenger RNA (mRNA) and non–protein-coding RNA (ncRNA), and DNA elements that 
control the expression of genes occupy another ∼0.5%, suggesting that the remaining “dark 
genome” is nonfunctional padding.”

M. Blaxter, “Revealing the Dark Matter of the Genome”, Science 330, 1758, 2010

So ~98.5% 
of the ge

nome is dark
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Dark Matter candidates

L. Roszkowski, Pramana 62:389, 2004

Sterile neutrino
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Direct Detection
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Direct Detection of WIMPs

Expected signal:
nuclear recoil: few 10’s of keV

featureless exponential
low rates <0.1 events/kg/day

Challenges:
low energy thresholds

large radioactive backgrounds

Need to know: 
local density, velocity distribution, local circular velocity
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Spin dependence
Spin-independent cross section (coherent interaction)

Scattering amplitudes (same for neutrons and protons) add coherently

Spin-dependent cross section 
Scattering amplitude changes sign with spin direction, so paired 
nucleons do not contribute: only the residual unpaired nucleons

σ SI ∝ Zfp + A − Z( ) fn( )2

σ SD ∝ J(J +1)
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Current Direct Detection searches

M. Felizardo et al. [SIMPLE Collaboration], arXiv:1106.3014

J. Kopp, T. Schwetz and J. Zupan, arXiv:1110.2721

D. Yu. Akimov et al. [ZEPLIN Collaboration], arXiv:1110.4769
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Indirect Detection

NeutrinosGamma-rays Antimatter
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Indirect Detection of WIMPs

Need to know: 
local density, halo profile, amount of substructure...

IceCube

AMS

PAMELA

Fermi-LAT
Expected signal:

annihilation (decay) products

Challenges:
absolute rates

discrimination against other sources
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Indirect Detection

NeutrinosGamma-rays Antimatter
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Indirect Detection

Gamma-rays
Rather high rates
No attenuation

Point directly to the sources: clear spatial signatures
Clear spectral signatures to look for
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Where to look?
Galaxy clusters

cosmic ray contamination
better in multi-wavelength?

Dwarf galaxies
DM dominated

Extragalactic background
DM contribution from all z

background difficult to model
Galactic center
brightest DM source

large backgrounds and uncertainties

DM clumps
easy discrimination (if found)

bright enough?

Galactic halo
good statistics, angular information

galactic backgrounds?

Figure from J. Diemand, M. Kuhlen and P. Madau, Astrophys. J. 657:262, 2007
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Indirect Detection

NeutrinosGamma-rays Antimatter
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Indirect Detection

Antimatter

After propagation, no 
directional information

Spectral information is 
slightly washed out

Confined by galactic 
magnetic fields

Low backgrounds
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Secondaries
Antiprotons

No significant astrophysical sources
For E>10 GeV completely diffusion dominated
Very efficient to set constraints
Cannot be used to discriminate among DM candidates

Positrons

Energy losses dominate: locally produced
Some sensitivity to discriminate among DM models
Efficient to set constraints
Many astrophysical sources of primary positrons: pulsars, old supernova 
remnants, GRB...
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Indirect Detection

NeutrinosGamma-rays Antimatter
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Indirect Detection

Neutrinos
Low rates

Understood background
Only detectable products from DM in the Sun

Spectral signatures
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Neutrinos from DM annihilation in the Sun

by Joakim Edsjö
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WIMPs elastically scatter with the nuclei of the Sun to a velocity 
smaller than the escape velocity, so they remain trapped inside

  Additional scattering give rise to an isothermal distribution

Trapped WIMPs can annihilate into SM particles

After some time, annihilation and capture rates equilibrate

Only neutrinos can escape

Neutrinos from DM annihilation in the Sun

 

C

 9 ×10−25 s−1 ρ0

0.3 GeV/cm3
⎛
⎝⎜

⎞
⎠⎟

270 km/s
υ local

⎛
⎝⎜

⎞
⎠⎟

3 σχA

10−3  pb
⎛
⎝⎜

⎞
⎠⎟

50 GeV
mχ

⎛

⎝
⎜

⎞

⎠
⎟

2

 

Γann =
1
2
C

tanh2

t


teq

⎛

⎝⎜
⎞

⎠⎟

viernes 18 de noviembre de 2011



Sergio Palomares-Ruiz
Sergio Palomares-RuizSergio Palomares-Ruiz

Beyond Dark Matter Detection with Neutrino Telescopes, November 17, 2011

Density matrix treatment

 

ρ = −i H ,ρ[ ]− 1
2

Γ,ρ{ } + ρreg

Neutrino oscillations
H is the oscillation 

hamiltonian

Neutrino absorption
Γ (diagonal) containts the 
neutrino interaction rates

Regeneration term
Describes the production of 

new neutrinos due to 
interactions with matter

M. Cirelli, N. Fornengo, T. Montaruli, I. Sokalski, A. Strumia and F. Vissani, Nucl. Phys. B727:99, 2005
V. Barger, W. Y. Keung, G. Shaughnessy and A. Tregre, Phys. Rv. D76:095008, 2007
V. Barger, J. Kumar, D. Marfatia and E. M. Sessolo, Phys. Rev. D81:115010, 2010
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M. Cirelli, N. Fornengo, T. Montaruli, I. Sokalski, A. Strumia and F. Vissani, Nucl. Phys. B727:99, 2005

Neutrino oscillations taken into account

Neutrino Spectra at Detection
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Event-based framework

M. Blennow, J. Edsjö and T. Ohlsson, JCAP 0801:021, 2008

J. Edsjö, http://www.physto.se/~edsjo/wimpsim/

WimpSim
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Event-based framework

M. Blennow, J. Edsjö and T. Ohlsson, JCAP 0801:021, 2008

J. Edsjö, http://www.physto.se/~edsjo/wimpsim/

WimpSim
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Background: atmospheric neutrinos

M. Honda, T. Kajita, K. Kasahara, S. Midorikawa and T. Sanuki, Phys. Rev. D75:043006, 2007

Los Alamos Science No. 25, 1997
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IceCube and Super-Kamiokande: neutrinos from the Sun

Neutrino Indirect Detection Searches

M. Danninger, E. Strahler et al. [IceCube Collaboration], 32nd ICRC, Beijing, 2011, arXiv:1111.2738
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T. Tanaka et al. 
[Super-Kamiokande Collaboration], 
arXiv:1108.3384

IceCube and Super-Kamiokande: neutrinos from the Sun

Neutrino Indirect Detection Searches

New SK analysis

M. Danninger, E. Strahler et al. [IceCube Collaboration], 32nd ICRC, Beijing, 2011, arXiv:1111.2738
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F. Halzen and D. Hooper, Phys. Rev. D73:123507, 2006

Rates in a Neutrino Telescope
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F. Halzen and D. Hooper, Phys. Rev. D73:123507, 2006

Rates in a Neutrino Telescope
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F. Halzen and D. Hooper, Phys. Rev. D73:123507, 2006

Rates in a Neutrino Telescope

Degeneracy between 
annihilation channel and scattering cross section

Can we break it?
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• Magnetized Iron Calorimeters (MINOS-like, INO…)
• Totally Active Scintillator Detectors (NOvA, MINERvA…)
• Liquid Argon Time Projection Chamber (GLACIER…) 

Very good angular and energy resolution 
for νe and/or νµ for 10’s of GeV → 

suitable for low mass WIMPs

Future Neutrino Detectors

νμ-events νe-events
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mχ = 50 GeV
Brτ+τ−(hard) = 20%

mχ = 70 GeV
Brτ+τ−(hard) = 10%

O. Mena, SPR and S. Pascoli, Phys. Lett. B664:92, 2008
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S. K. Agarwalla, M. Blennow, E. Fernández-Martínez and O. Mena, JCAP 1109:004, 2011

mχ = 10 GeV      Br
τ +τ − = 100%

mχ = 25 GeV      Br
τ +τ − = 100%

GLACIER LArTPC

MIND
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Determining the WIMP mass with DeepCore

C. Rott, Intensity Frontier Workshop, Fermilab, Batavia (USA) October 2011 T. DeYoung, RICAP 2011, Rome (Italy), May 2011
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Angular Resolution: 
dominated by the scattering between the 
incoming neutrino and outgoing muon

Energy Resolution: 
not estimated yet, but it will rely on track 
length rather than track brightness. 
Assuming the track estimation to be good to 
50 m, we take 10-GeV bins

 

θrms 
GeV
Eν
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Due to the lack of angular resolution for cascade events,
in this work we only consider muon-like events (upgo-
ing and downgoing), with an effective volume for the 86-
string configuration (IC86) at trigger (SMT3) and online
filter level Veff ! 8 Mton at Eν ! 10 − 12 GeV and
Veff ! 45 Mton at Eν ! 100 − 200 GeV [18]. It is im-
portant to note that this estimate of the effective volume
does not include analysis or reconstruction efficiencies.
The IceCube Collaboration aims to maintain a signal ef-
ficiency of well over 50% for contained and partially con-
tained events [9], which we approximately account for by
scaling down the simulated events by a factor of 2. For
muon-like events, the angular resolution of the detector
is expected to be much better than the average angle
between the incoming neutrino and the produced muon.
Hence, the Sun is basically a point source for this de-
tector at these energies and we consider the atmospheric
neutrino background integrated over a half-cone aperture
given by θrms =

√
1 GeV

Eν
. As for the energy resolution,

it has not been estimated yet, but it will rely on track
length rather than track brightness. Assuming the track
estimation to be good to 50 meters, we consider bins with
a 10 GeV width in the muon energy. We assume 10 years
of data taking.

In these searches, the main source of background is
due to atmospheric neutrinos. In the energy region of
interest, the absolute atmospheric neutrino fluxes are
known within ∼10%-20%, the major contributors com-
ing from hadron production and the primary cosmic ray
fluxes [19]. We note, though, that this uncertainty could
be substantially reduced [14]. However, other sources of
systematic errors, such as the astrophysical uncertainties
in the calculation of the capture rate, could also affect the
results [20]. All in all, we add an overall 15% systematic
error in our computations as a conservative assumption.

Determination of the DM mass in DeepCore.—
In Fig. 2, we show the sensitivity to DM annihilation in
the Sun due to elastic spin-dependent interactions off pro-
tons at 90% confidence level (CL). We show the results
for the τ−τ+ (hard) and bb̄ (soft) annihilation channels.
For comparison, we also show the recent results from the
direct searches by the SIMPLE experiment [13] and those
using Super-Kamiokande data [14, 15]. It is important
to note that the results of these latter analyses do not
include systematic errors of the kind mentioned above,
so should be compared with our solid lines in Fig. 2.

The results of the present letter rely on the capability
of DeepCore to reconstruct the (muon) energy spectrum:
distinguishing between hard and soft channels allows to
get information on the initial annihilation channels, mass
and WIMP-proton cross section. If only the total num-
ber of events is measured, a strong degeneracy is present
among these parameters [7]. In particular, here we focus
on the determination of the DM mass, marginalizing over
the rest of the parameters, i.e., the annihilation branch-

10 20 30 40 50 60 70 80 90 100

m
DM

  [GeV]

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

!
S

Dp
  

[p
b

] b
 _

b

"
#
"
!

Figure 2: Limits on the WIMP-proton spin-dependent
cross section at 90% CL. Black (upper) lines refer to anni-
hilations into bb̄ and red (lower) lines to annihilations into τ−τ+.
Thick lines represent the limits expected with DeepCore after 10
years, including (dashed lines) and not including (solid lines) sys-
tematic errors. The limit for the bb̄ channel using stopping and
through-going muons in Super-Kamiokande [14] is shown with the
thin black dashed line. Limits using fully-contained muon-like and
upward stopping muons in Super-Kamiokande [15] are shown with
the dotted lines. The limits from the combination of the revised
Stage 1 and Stage 2 of the SIMPLE experiment are depicted by
the green solid line [13].

ing ratios and the WIMP-proton cross section. We leave
for future work the study of the sensitivity of DeepCore
to these properties [21].

The main results of this letter are depicted in Fig. 1,
where the relative error in the determination of the DM
mass (mexp is mass determined by the experiment) is pre-
sented for DM annihilations into τ−τ+ (top panel) and
into bb̄ (bottom panel). For each annihilation mode we
consider two values for the WIMP-proton spin-dependent
cross section: σp

SD = 10−3 pb (in blue), 10−4 pb (in
orange) for the τ−τ+ channel and σp

SD = 10−2 pb (in
blue), 4 × 10−3 pb (in orange) for the bb̄ channel. As
can be seen from Fig. 2, for the τ−τ+ channel and
mDM < 80 GeV, σp

SD = 10−3 pb is excluded at 90% CL
from Super-Kamiokande data [15]. On the other hand,
for the bb̄ channel, σp

SD = 10−2 pb is also excluded at 90%
CL for some masses in the range depicted from Super-
Kamiokande data [14, 15]. However, note that these anal-
yses do not include systematic uncertainties. In Fig. 1 we
show the results including (light colors) and not includ-
ing (dark colors) systematic errors as discussed above.
We can see that if the WIMP-proton spin-dependent
cross section has a value very close to the current Super-
Kamiokande limit, the DM mass could be determined
(including systematic errors) within a ∼ 50% uncertainty
for mDM < 100 GeV if DM annihilates dominantly into
bb̄ or within a few percent for 30 GeV ! mDM < 100 GeV
if the dominant DM annihilation channel is τ−τ+.

Systematic uncertainties may have a strong impact on
the achievable precision and their detailed evaluation will
play an important role. In addition to the channels con-

DeepCore Sensitivity to low mass WIMPs

C. R. Das, O. Mena, SPR and S. Pascoli, arXiv:1110.5095

R. Kappl and M. W. Winkler, 
Nucl. Phys. B850:505, 2011

T. Tanaka et al. [Super-Kamiokande Collaboration], arXiv:1108.3384 M. Felizardo et al. [SIMPLE Collaboration], 
arXiv:1106.3014

Stopping and through-going muons in SK

Fully-contained and stopping 
muons in SK

Direct DM searches
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Figure 2: Limits on the WIMP-proton spin-dependent
cross section at 90% CL. Black (upper) lines refer to anni-
hilations into bb̄ and red (lower) lines to annihilations into τ−τ+.
Thick lines represent the limits expected with DeepCore after 10
years, including (dashed lines) and not including (solid lines) sys-
tematic errors. The limit for the bb̄ channel using stopping and
through-going muons in Super-Kamiokande [14] is shown with the
thin black dashed line. Limits using fully-contained muon-like and
upward stopping muons in Super-Kamiokande [15] are shown with
the dotted lines. The limits from the combination of the revised
Stage 1 and Stage 2 of the SIMPLE experiment are depicted by
the green solid line [13].

ing ratios and the WIMP-proton cross section. We leave
for future work the study of the sensitivity of DeepCore
to these properties [21].

The main results of this letter are depicted in Fig. 1,
where the relative error in the determination of the DM
mass (mexp is mass determined by the experiment) is pre-
sented for DM annihilations into τ−τ+ (top panel) and
into bb̄ (bottom panel). For each annihilation mode we
consider two values for the WIMP-proton spin-dependent
cross section: σp

SD = 10−3 pb (in blue), 10−4 pb (in
orange) for the τ−τ+ channel and σp

SD = 10−2 pb (in
blue), 4 × 10−3 pb (in orange) for the bb̄ channel. As
can be seen from Fig. 2, for the τ−τ+ channel and
mDM < 80 GeV, σp

SD = 10−3 pb is excluded at 90% CL
from Super-Kamiokande data [15]. On the other hand,
for the bb̄ channel, σp

SD = 10−2 pb is also excluded at 90%
CL for some masses in the range depicted from Super-
Kamiokande data [14, 15]. However, note that these anal-
yses do not include systematic uncertainties. In Fig. 1 we
show the results including (light colors) and not includ-
ing (dark colors) systematic errors as discussed above.
We can see that if the WIMP-proton spin-dependent
cross section has a value very close to the current Super-
Kamiokande limit, the DM mass could be determined
(including systematic errors) within a ∼ 50% uncertainty
for mDM < 100 GeV if DM annihilates dominantly into
bb̄ or within a few percent for 30 GeV ! mDM < 100 GeV
if the dominant DM annihilation channel is τ−τ+.

Systematic uncertainties may have a strong impact on
the achievable precision and their detailed evaluation will
play an important role. In addition to the channels con-
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Due to the lack of angular resolution for cascade events,
in this work we only consider muon-like events (upgo-
ing and downgoing), with an effective volume for the 86-
string configuration (IC86) at trigger (SMT3) and online
filter level Veff ! 8 Mton at Eν ! 10 − 12 GeV and
Veff ! 45 Mton at Eν ! 100 − 200 GeV [18]. It is im-
portant to note that this estimate of the effective volume
does not include analysis or reconstruction efficiencies.
The IceCube Collaboration aims to maintain a signal ef-
ficiency of well over 50% for contained and partially con-
tained events [9], which we approximately account for by
scaling down the simulated events by a factor of 2. For
muon-like events, the angular resolution of the detector
is expected to be much better than the average angle
between the incoming neutrino and the produced muon.
Hence, the Sun is basically a point source for this de-
tector at these energies and we consider the atmospheric
neutrino background integrated over a half-cone aperture
given by θrms =

√
1 GeV

Eν
. As for the energy resolution,

it has not been estimated yet, but it will rely on track
length rather than track brightness. Assuming the track
estimation to be good to 50 meters, we consider bins with
a 10 GeV width in the muon energy. We assume 10 years
of data taking.

In these searches, the main source of background is
due to atmospheric neutrinos. In the energy region of
interest, the absolute atmospheric neutrino fluxes are
known within ∼10%-20%, the major contributors com-
ing from hadron production and the primary cosmic ray
fluxes [19]. We note, though, that this uncertainty could
be substantially reduced [14]. However, other sources of
systematic errors, such as the astrophysical uncertainties
in the calculation of the capture rate, could also affect the
results [20]. All in all, we add an overall 15% systematic
error in our computations as a conservative assumption.

Determination of the DM mass in DeepCore.—
In Fig. 2, we show the sensitivity to DM annihilation in
the Sun due to elastic spin-dependent interactions off pro-
tons at 90% confidence level (CL). We show the results
for the τ−τ+ (hard) and bb̄ (soft) annihilation channels.
For comparison, we also show the recent results from the
direct searches by the SIMPLE experiment [13] and those
using Super-Kamiokande data [14, 15]. It is important
to note that the results of these latter analyses do not
include systematic errors of the kind mentioned above,
so should be compared with our solid lines in Fig. 2.

The results of the present letter rely on the capability
of DeepCore to reconstruct the (muon) energy spectrum:
distinguishing between hard and soft channels allows to
get information on the initial annihilation channels, mass
and WIMP-proton cross section. If only the total num-
ber of events is measured, a strong degeneracy is present
among these parameters [7]. In particular, here we focus
on the determination of the DM mass, marginalizing over
the rest of the parameters, i.e., the annihilation branch-
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Figure 2: Limits on the WIMP-proton spin-dependent
cross section at 90% CL. Black (upper) lines refer to anni-
hilations into bb̄ and red (lower) lines to annihilations into τ−τ+.
Thick lines represent the limits expected with DeepCore after 10
years, including (dashed lines) and not including (solid lines) sys-
tematic errors. The limit for the bb̄ channel using stopping and
through-going muons in Super-Kamiokande [14] is shown with the
thin black dashed line. Limits using fully-contained muon-like and
upward stopping muons in Super-Kamiokande [15] are shown with
the dotted lines. The limits from the combination of the revised
Stage 1 and Stage 2 of the SIMPLE experiment are depicted by
the green solid line [13].

ing ratios and the WIMP-proton cross section. We leave
for future work the study of the sensitivity of DeepCore
to these properties [21].

The main results of this letter are depicted in Fig. 1,
where the relative error in the determination of the DM
mass (mexp is mass determined by the experiment) is pre-
sented for DM annihilations into τ−τ+ (top panel) and
into bb̄ (bottom panel). For each annihilation mode we
consider two values for the WIMP-proton spin-dependent
cross section: σp

SD = 10−3 pb (in blue), 10−4 pb (in
orange) for the τ−τ+ channel and σp

SD = 10−2 pb (in
blue), 4 × 10−3 pb (in orange) for the bb̄ channel. As
can be seen from Fig. 2, for the τ−τ+ channel and
mDM < 80 GeV, σp

SD = 10−3 pb is excluded at 90% CL
from Super-Kamiokande data [15]. On the other hand,
for the bb̄ channel, σp

SD = 10−2 pb is also excluded at 90%
CL for some masses in the range depicted from Super-
Kamiokande data [14, 15]. However, note that these anal-
yses do not include systematic uncertainties. In Fig. 1 we
show the results including (light colors) and not includ-
ing (dark colors) systematic errors as discussed above.
We can see that if the WIMP-proton spin-dependent
cross section has a value very close to the current Super-
Kamiokande limit, the DM mass could be determined
(including systematic errors) within a ∼ 50% uncertainty
for mDM < 100 GeV if DM annihilates dominantly into
bb̄ or within a few percent for 30 GeV ! mDM < 100 GeV
if the dominant DM annihilation channel is τ−τ+.

Systematic uncertainties may have a strong impact on
the achievable precision and their detailed evaluation will
play an important role. In addition to the channels con-
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Cosmological and astrophysical observations provide increasing evidence of the existence of dark
matter in our Universe. Dark matter particles with a mass above a few GeV can be captured by
the Sun, accumulate in the core, annihilate, and produce high energy neutrinos either directly or
by subsequent decays of Standard Model particles. We investigate the prospects for indirect dark
matter detection in the IceCube/DeepCore neutrino telescope and its capabilities to determine the
dark matter mass.

PACS numbers: 95.35.+d, 95.85.Ry, 29.40.Ka

Introduction.— Establishing the particle identity of
the dark matter (DM) of the Universe is one of the funda-
mental questions which needs to be addressed in modern
physics [1]. One of the currently favored candidates is
a weakly interacting massive particle (WIMP), a stable
neutral particle with a mass in the GeV–TeV range, which
is predicted in many extensions of the Standard Model
of particle physics (SM).

The DM particle properties might be tested in direct
and indirect searches and in collider experiments. Direct
searches look for the recoil of nuclei due to WIMPs pass-
ing through the detector and are sensitive to the spin-
dependent WIMP-proton (-neutron) cross section, σp(n)

SD ,
and the spin-independent one, σSI. Indirect searches fo-
cus on the products of DM annihilations (or decays), such
as gamma-rays, positrons, anti-protons and neutrinos, in
regions where the DM density is expected to be high, such
as the center of the Milky Way, dwarf galaxies, clusters of
galaxies, etc. Colliders could produce DM particles and
make possible the study of their properties. In addition
to each individual search, their combination is crucial
in constraining DM properties [2–6]. In particular, the
determination of the DM mass is of great theoretical im-
portance in order to establish the DM particle identity
but it is a challenging task.

One of the astrophysical objects of particular interest
for indirect searches is the Sun as a high DM density
could be present: DM particles, traversing it, can get
scattered to velocities lower than the escape velocity and
be captured. The annihilations of these DM particles
would give rise to a neutrino flux, which is produced ei-
ther directly or indirectly via the decay of other prod-
ucts of the annihilations. Depending on the annihila-
tion channel, the neutrino energy is different: neutrinos
from particles which decay very fast have typically high
energies and longer lived particles, such as muons and
light quarks, significantly loose energy before decaying
and produce softer neutrinos [2]. Therefore, the neutrino
spectrum depends on several DM properties, such as its
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Figure 1: Relative error in the DM mass after 10 years at
DeepCore at 90% CL, with (light colors) and without (dark col-
ors) systematic errors. Top panel: Annihilations into τ−τ+ with
σp
SD = 10−3 pb (blue), 10−4 pb (orange). Bottom panel: Annihi-

lations into bb̄ with σp
SD = 10−2 pb (blue), 4 × 10−3 pb (orange).

mass, the DM-nucleon cross section and the branching
ratios for the various possible annihilation channels.

Indirect searches, detecting these neutrinos and recon-
structing their spectrum, are sensitive to the neutrino
mass [2]. It has been shown that future large neutrino

C. R. Das, O. Mena, SPR and S. Pascoli, arXiv:1110.5095

Determination of the DM mass at DeepCore

σ SD
p = 10−3 pb

σ SD
p = 10−4 pb

σ SD
p = 10−2 pb

σ SD
p = 4 ×10−3 pb

Systematic error = 15%

No systematic error

(after marginalizing with respect to cross 
section and annihilation channel)

viernes 18 de noviembre de 2011



Sergio Palomares-Ruiz
Sergio Palomares-RuizSergio Palomares-Ruiz

Beyond Dark Matter Detection with Neutrino Telescopes, November 17, 2011

Uncertainties on the capture 
rate calculation: important for 
masses >> 100 GeV

Uncertainties on the overall 
normalization, e.g., local DM 
density

Contribution due to EW 
corrections: important for 
masses >>100 GeV 

Contribution of more 
annihilation channels

Comments on uncertainties: signal
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Comments on uncertainties: background
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Colliders

Direct searches

Indirect gamma-ray searches
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Using the angular distribution/Using seasonal variation 
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Conclusions
Searches of neutrinos from DM annihilations taking 
place in the Sun could constitute powerful probes of 
WIMP properties

Icecube (DeepCore) is starting having data

SK and future neutrino detectors will also play a 
role, mainly for low masses

Uncertainties need to be taken into account, although 
an uncertainty in the normalization of the flux does 
not (significantly) affect the determination of the DM 
mass, which might be achieved at the O(10%) level

We just need... a signal!
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