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Neutrinos as ideal 
astronomical messengers

• Neutrinos travel from the 
edge of the Universe  
– with no deflection by 

magnetic fields 
– essentially without 

absorption 
• no charge and essentially 

no mass 
–  similar to the photon but  

interactions with matter 
are extremely weak.
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Direct information about cosmological objects of the high redshift universe like 
gamma-ray bursts and active galactic nuclei. 
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• IceCube detects neutrinos of all flavors by observing the 
end products of charged- or neutral-current deep-inelastic 
neutrino-nucleon interaction in the glacial ice

IceCube detector
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86 strings with 60 Digital Optical 
Modules (DOMs) (IceCube + DeepCore)  

Optical sensor 
10” photomultiplier (PMT) + in situ signal 
digitization in pressure glass sphere  

Deployed between 1450 and 2450 m 
depth  

81 IceTop surface stations  
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Detection principle
1)

2)

3)
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The characteristic pattern (topology) of the Cherenkov light provides  
information about the energy, direction, and flavor of the parent neutrino
1) Track-like events
good angular resolution (<1°), limited energy resolution when not fully 
contained in the detector volume; source - νμ CC interactions 
2) Cascade-like event 
good energy resolution (~10% at high energies), limited angular resolution 
(>10°); source - νe, νμ, ντ NC + νe, ντ CC interactions 
3) Composite events
mixture of track-like and cascade-like events or multiple cascade events; 
high-energy ντ CC as a possible source 
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Astrophysical Neutrinos 
• The IceCube detector is triggered by down-going 

atmospheric muons at a rate of ∼3 kHz.  

• There is roughly one atmospheric neutrino in a 
million cosmic-ray induced muons (rate of ~5 
mHz), while this number for astrophysical 
neutrinos is one in a billion (rate of ~μHz)  

• Thus, it is challenging to separate the astrophysical 
neutrinos from the enormous atmospheric 
backgrounds 
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Astrophysical Neutrinos 
• Currently, two general-purpose strategies 

are used: 

• Veto: using a thin outer layer of the 
detector as an active veto; events 
starting within the detector fiducial 
volume (HESE) -> sensitive to neutrinos 
of all flavors from the whole sky  

• Use the Earth as a filter for atmospheric 
muons; only up-going track-like events -
>North sky and νμ only
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Atmospheric Neutrino Veto
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Phys. Rev. D79, 043009 (2009) 
Phys. Rev. D90, 023009 (2014)

Up-down asymmetry due to veto
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Sufficiently vertical/high- 
energy atmospheric 
neutrinos come with 

accompanying muons



High Energy Starting 
Events (HESE)

• Search for contained, very bright events 

• Sensitive to all flavors above ∼ 60 TeV  

• 53 events in four years
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High Energy Starting 
Events (HESE)

• Search for contained, very bright events 

• Sensitive to all flavors above ∼ 60 TeV  

• 53 events in four years
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6.5σ above background from  
maximum likelihood  
forward-folding



HESE - 4 years
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2 yrs data, 28 events; 4.1 sigma 

Science 342 (2013) 

3 yrs data, 37 events; 5.9 sigma
Phys.Rev.Lett. 113:101101 (2014)

4 yrs data, 53 events; 6.5 sigma
Proceedings of Science (ICRC2015)1081 

since April 2016 : Online Starting Event Alerts  
to GCN/AMON network (track-like) 
~1 min from event to alert



Through-going muons 
• Six years (2009-15) of data.

• Independent to HESE data set 

• Similar flux level, but best-fit spectrum somewhat 
harder 
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Phys. Rev. Lett. 115, 081102 (2015),    
Astrophys. J. 833, 3 (2016)

5.6 𝜎
Energy range > 200 TeV



Highest Energy 
Neutrino Event
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Track deposited  
2.6 ± 0.3 PeV in detector 
~7 PeV (under   
E-2 spectral assumption)

Astrophys. J. 833, 3 (2016)



Broken spectrum?
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Are we seeing a  
spectral break,  
anisotropy,  
multiple  
components,...?
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(0.9; 2.13)

(2,2; 2.58)



Searches for neutrino 
sources

• No sources in 4 y HESE 
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Arrival directions of the events in galactic coordinates



Search for point sources 
in 7 years of data
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No significant excesses 

Hottest spots not  
significant

post-trial p-values of 
29% and 17%  
for northern  

and southern sky,  
respectively.

equatorial coordinates (J2000)

Astrophys. J., 835 (2017) no. 2, 151



Indirect Dark Matter 
Search principle

• Look at dense regions of DM where self-annihilation may occur at significant rate: 

• Sun/Earth 

• The Milky Way 

• Galactic Dark Matter Halo 

• Nearby galaxies and galaxy clusters 

• Annihilation products may decay producing neutrinos
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⇒ e±,υ,γ,p,D,...

⇒ e±,υ,γ,p,D,...
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Sensitive DM mass range  
for IceCube:  
~10 GeV - ~100 TeV 



Search for dark matter 
annihilations in the Sun

• WIMPs could be captured by the Sun through WIMP-nucleon scattering  

• Search for muon neutrinos from dark matter annihilation 

• DeepCore sub-array was included in the analysis, lowering the energy threshold 

• Data gathered in the austral winters between May 2011 and May 2014, corresponding to 532 
days of livetime when the Sun, being below the horizon, is a source of up-going neutrino 
events, easiest to discriminate against the dominant background of atmospheric muons  

• Dependent on WIMP mass & annihilation channel  

• This search is sensitive to the spin-dependent WIMP-nucleon cross section  

• The cross section depends on the nature of the couplings. For non-relativistic WIMPs, one 
in general has to distinguish spin-independent (Scalar, Vector) and spin-dependent (Axial-
Vector) couplings. Due to coherence effects, the spin-independent cross section scales 
approximately as the square of the mass of the nucleus. 
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Search for dark matter 
annihilations in the Sun

IceCube detector with 86 strings; 3 years of data
Eur. Phys. J. C (2017) 77

The IceCube limits have been scaled up to the upper edge of the total systematic uncertainty band.  
The colored points correspond to models from a scan of the pMSSM and are shown color coded by the 
‘hardness’ of the resultant neutrino spectrum. 

Tomasz Palczewski - UCB/LBNL - Aspen 2017 Winter Conference 

spin-dependent WIMP-nucleon cross section spin-independent WIMP-nucleon cross section



20

Search for dark matter 
annihilations in the center of the 

Earth
IceCube detector with 86 strings; 

327 days of detector livetime during 2011/ 2012
Eur. Phys. J. C77, 82 (2017). 
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The same WIMP collection 
mechanism applies for the 
Earth as in the Sun 

WIMPs annihilating in the center 
of the Earth will produce a 
unique signature in IceCube as 
vertically up-going muons 

No excess beyond the 
expected background from 
atmospheric neutrinos was 
detected 

Assumed: ⟨σAv⟩ = 3 · 10−26cm3s−1 

ρχ = 0.3 GeV cm−3 (displayed limits)



• The Milky Way is expected to be embedded in a halo of 
WIMPs, which can annihilate and produce a flux of neutrinos 
possibly detectable at Earth.
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• The expected signal is particularly 
sensitive to the chosen density 
profile of the dark matter halo 

• Two profiles used: Navvarro-Frenk-
White (NFW) [APJ 462, 563 (1996)] 
and Burkert [APJ 447, L25 (1995)] 

Search for Neutrinos from Dark Matter 
Annihilations in the Milky Way
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329.1 live-days of detector  
operation between  
May 2011 and March 2012 

focus on cascades produced  
by neutral or charged current  
neutrino interactions occurring  
inside the DeepCore 

event selection has been  
optimized to identify and select 
the more spherical light pattern 

Search for Neutrinos from Dark Matter 
Annihilations in the Milky Way

Eur. Phys. J. C76, 531 (2016)
self-annihilation cross-section averaged  
over the relative velocity distribution 



Dark matter annihilation in nearby 
galaxies and galaxy clusters
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Dwarf Galaxies & Clusters of  

Galaxies analysis  

IC59
Source stacking analysis (340 d) 
Optimized cuts & size of search  
window for 5 TeV WIMPs 
 

self-annihilation cross-section averaged  
over the relative velocity distribution 



Search for dark matter 
accumulated in the Galactic halo
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IC22 Cut&Count (275 d) 
IC79 Multipole analysis (316 d) 

Small halo-model dependency  

self-annihilation cross-section averaged  
over the relative velocity distribution 



Search for dark matter accumulated 
in the Galactic center
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IC79
Maximum LH analysis (320 d) 

self-annihilation cross-section averaged  
over the relative velocity distribution 



Conclusions
• Selected IceCube results were presented  

• IceCube reported significant detection of high-energy astrophysical 
neutrinos in three channels (HESE, Through-going muons, cascades)  

• The source of this flux has not yet been found  

• Neutrinos provide high discovery potential for indirect Dark Matter 
searches 

• The proposed Gen2 array will play the leading role, with its rich 
physics program, in the future multi-messenger astronomy programs 
and DM searches! 
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Backup slides
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Gen2 array
High Energy Extension will improve sensitivity to astrophysical 

sources by an order of magnitude



31Tyce DeYoung, Miami 2016



32

Neutrino Oscillations

Tyce DeYoung, Miami 2016
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