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Cosmic Ray source ??

air shower COSMIC RAYS 
Deflected by magnetic fields!
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NEUTRINOS 

They are neutral and weak particles: 
point to the source carrying 

information from the deepest parts.

GAMMA-RAYS 
They point to the sources but they get absorbed. Multiple 
emission mechanisms

See Brian Humensky on Monday 
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Neutrino Astronomy  4

νNeutrino Astronomy opens a 
window to the extragalactic 
Universe above 100 TeV
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Detection Principle
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The IceCube neutrino  7
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Completion with in 
December 2010

5,160 Digital Optical 
Modules (DOMs)

86 string with 60 DOMs 
each. 6 denser strings 
called DeepCore  

1 km2 surface array 
with 324 DOMs: IceTop



ESDU 2018 Juan A. Aguilar

 8Event Signatures

Track topology
• Good angular resolution 0.1° - 1° ➜ 

Neutrino Astronomy 
• Vertex can  be outside the detector ➜ 

Increased effective volume

Cascade topology
• All flavors 
• Fully active calorimeter ➜    

Energy resolution ±15% 
• Angular reconstruction possible ➜ 

~10° @ E > 100 TeV

𝝂e
𝝂e 𝝂𝛍 𝝂𝝉

𝝂𝝉𝝂𝛍

Early photons Late photons

Charge Current

Neutral Current
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 9Neutrino Detectors  Scientific Scope

MeV <100 TeV >100TeV > 106 TeVGeV-TeV

SN Neutrinos

Dark Matter
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Cosmogenic (GZK)

p + γ → Δ+ → n + π
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High-Energy Starting Events HESE 7.5yrs  11
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High-Energy Starting Events Flavors  12

𝝂e 𝝂μ 𝝂𝛕

• Two tau candidates events 
found (expected ~2.1) 

• One is an unambiguous 
double-cascade 

• Best fit composition 
(1.05:1.35:0.6)
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 13Multimessenger Neutrino Follow-up Searches
X-Rays

𝛄-Rays

Optical

GW

Neutrinos

• On August 17 2017 at 12:41:04 UTC the signal from a binary 
neutron star was detected by LIGO & Virgo 

• Short GRB detection 2 seconds after by Fermi

75∘
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−45∘

−75∘

ANTARES, IceCube, Auger arXiv:1710.05839

±500 s
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 14Multimessenger Neutrino Alert System
X-Rays

𝛄-Rays

Optical

GW

Neutrinos

• An alert system based on HESE  track-like events and Extreme High 
Energy events 

• Operating since  April 2016. 
• 6-8 alerts per year 
• Below the first event alert sent IC160427A Astropart. Phys. 92 (2017) 30
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 15Multimessenger Neutrino Alert System
X-Rays

𝛄-Rays

Optical

GW

Neutrinos

• Sep 22 2017: An alert on was sent corresponding to the event IC170922A 
• 28 Sep 2017: Four days later Fermi-LAT reported a flaring blazar TXS 

0506+056 inside the error region.  
• 4 Oct 2017: Magic detected VHE gamma-rays from the same location
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𝛘

?
𝛘

Indirect Detection of Dark Matter

• No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-experiments 

• Search for products of dark matter annhilation processes: Focus on large reservoirs of dark matter

W- Z b̅ 𝛕+ t ̅ h ν γ e± p

W+ Z b 𝛕- t h ν γ e± p(—)

(—)

Primary 
Channels

Final 
Products
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your favorite theory

See Eric Charles on Tuesday 
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Dark Matter Searches Where To Look?

Dwarf spheroidal Galaxies 
Cluster of Galaxies

Galactic Halo 

Galactic Center 

Local Sources (Sun, Earth) 
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Only accessible with neutrinos 
Under equilibrium they can  
probe σSI and σSD 

Probe velocity-averaged DM 
annihilation cross section ⟨vσA⟩

Probe velocity-averaged DM 
annihilation cross section ⟨vσA⟩

Probe velocity-averaged DM 
annihilation cross section ⟨vσA⟩

See Aldo Morselli on Monday 
See Eric Charles on Tuesday 
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Searching Dark Matter from the Sun

• Only events when Sun is below the 
horizon: 532 days of livetime 

• The mean free path of TeV neutrinos 
smaller than the Sun radius: Low 
energy analysis 

• Limit driven by capture on H: SD cross-
section

 18

DM SEARCHES IN ICECUBE                                                       MORTEN MEDICI

RESULTING LIMITS: SOLAR WIMP STUDIES

▸ Very competitive bounds on the  
spin-dependent nucleon-dark matter interaction cross-section

15

equilibrium!

EPJC
 77 146 (2017) [arXiv:1612.05949]

Φν → ΓA → Cc → σχN

Halo

ν

χ

See Aaron Vincent on Monday
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• Background needs to be very well 
understood: Earth has an unique 
position in the sky. 

• Analysis with large uncertainties… 
(dark disc, velocity distribution) 

• No thermal equilibrium assumption on 
the annihilation cross-section
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 19Searching Dark Matter from the Earth
χ
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Galactic Center ANTARES & IceCube  20

χχ → τ+τ−

ICRC17 arXiv:1710.01197

Eur. Phys. J. C (2017) 77: 627

NFW
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Decaying Dark Matter Lifetime  21

IceCube Collaboration arXiv:1804.03848 

• Two IceCube independent data 
samples: 
• Track-like with six years of data 
• Cascade-like with two years of 

data 
• Dark Matter alone cannot explain 

IceCube neutrino flux. 
• Best limits > 10 TeV

𝛘 ?
SM

SM
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 22Conclusions

• The future exploration of the high energy Universe belongs to the 
Multimessenger Astronomy. 

• IceCube has started to characterize the observed astrophysical neutrino flux 
including the flavor composition 

• IceCube is actively interconnected in the realtime network sending and receiving 
alerts to other observatories. 

• Indirect detection of Dark Matter with neutrino telescopes provides 
complementarity to other techniques due to different backgrounds and 
systematics 

• IceCube has a lively program of Dark Matter searches, with very competitive 
results.
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 23Thank you for your attention

Juan A. Aguilar


