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NEUTRINOS AT THE SOUTH POLE
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THE ICECUBE OBSERVATORY
• Detector completion 

in 2010-2011
• Cubic km, 86 strings
• 1450 m – 2450 m
• IceCube

– 125 m string spacing
– 17 m sensor spacing

• DeepCore
– 70 m string spacing
– 7 m sensor spacing
– Higher QE sensors

Digital Optical 
Module (DOM)
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DETECTION PRINCIPLES

• Neutrinos interact in or near 
detector

• Tracks from charged current νμ
interactions: O(km)

• Cascades from other interactions 
(neutral-current, νe, ντ): O(10 m)

• Record intensity and arrival times of 
Cherenkov radiation

νl l, νl

hadronic
shower

W, Z
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BACKGROUND REDUCTION

• Atmospheric muons from 
above

• Atmospheric neutrinos 
from all directions

• Mis-reconstructed muons 
dominate neutrinos by 3 
orders of magnitude

• Selection based on event 
topology, energy 
estimation, and angular 
information
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DARK MATTER SEARCHES
• Strong evidence from astrophysical observations
• Interaction only through weak and gravitational forces
• Many proposed models

– Supersymmetry, Universal Extra Dimensions, …

• Search Methods
– Direct – recoil of nuclei in ultra-low background detectors
– Collider – produce dark matter and measure missing energy
– Indirect – measure the decay products of dark matter annihilation
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MSSM NEUTRALINO DARK MATTER
• Lightest Supersymmetric Partner (Stable)
• Collected in Massive Objects (Sun, Earth, …) and Galaxy
• Self-annihilation leads to SM particles and then neutrinos

• Event rates and energies depend on MSSM model parameters 
and astrophysics (relative velocities, galactic density profile)

– few to 103 events per year
– GeV to TeV energies

XWWbb +→→ −+−+ νττχχ ...,,,
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DARK MATTER FROM THE GALAXY
• Select halo density profile
• Select DM model to determine 

neutrino spectrum
• Measure flux at Earth to 

constrain the self annihilation 
cross-section

Measure
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DARK MATTER FROM THE GALAXY

• Initial 22-string limits for various 
annihilation channels shown in 
blue

• Method improved using 40-string 
dataset (red)

– Specially filtered to look at GC
– Hint of improvements to come 

with DeepCore
22 string: [Phys. Rev. D84 (2011) 022004]
40 string: [ICRC 2011, arXiv:1111.2738 (2011)]
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DARK MATTER FROM THE GALAXY
• Limit for muon annihilation 

channel
• Approaches favored region 

for DM models motivated 
by combined Fermi / 
Pamela data   [Meade et al. 2008]

[ICRC 2011 (2011)]
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DWARF SPHEROIDALS
• 59-string dataset (~1 year)
•
• Stacking of multiple 

galaxies improves limits
• Compare with:

MAGIC: [JCAP 1106:035 (2011)]

Fermi: [2011 Fermi Symposium]

Further Details: [ICRC 2011, arXiv:1111.2738  (2011)]

−+→ ττχχ
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DARK MATTER FROM THE SUN
• DM swept up from the halo by the 

Sun’s passage over its history
• Scattering with protons leads to 

capture
• Measurement of the neutrino flux 

probes the scattering cross-section
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COMBINED SOLAR SEARCH
• Combined likelihood from 

AMANDA-II , IceCube-22, 
and IceCube-
40+AMANDA-II analyses

• 1065 days livetime (2001-
2008)
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SI CROSS-SECTION LIMIT
• 90% C.L. upper limits on SD and SI WIMP-nucleon scattering cross sections, 

assuming equilibrium between annihilation and capture 

σ SI = λSI (mχ )ΓA    and  σ SD = 0 • Well constrained by direct searches

[Phys. Rev. D85 (2012) 042002]
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SD CROSS-SECTION LIMIT
• 90% C.L. upper limits on SD and SI WIMP-nucleon scattering cross sections, 

assuming equilibrium between annihilation and capture 

• Solar capture dominated by σSD, indirect search 
competitiveASD

SDSI m Γ== )(     0 χλσσ and

[Phys. Rev. D85 (2012) 042002]
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DARK MATTER FROM THE EARTH

• WIMPs may also collect and 
annihilate in the center of 
the Earth

– Generates unique vertical 
neutrino signal in detector

– Models favor low energies 
(DeepCore advantage)

– Analysis is difficult due to 
restricted data region and 
need to use simulation for 
background / systematics

Latest published limits from 97-99 
AMANDA data
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CONCLUSIONS AND OUTLOOK
– IceCube is complete and taking data with 86 string since May 2011
– Indirect searches with neutrinos can probe the WIMP-nucleon 

scattering cross section (Sun, Earth) and the self-annihilation cross 
section (Galactic Halo / Center)

– 8 year combined AMANDA-II / IceCube solar analysis 
• Strong limits on spin dependent scattering cross sections

– Initial Galactic searches complete (22 /40 strings)
• Complementary to CMB / Fermi results

– 79 string solar analysis nearly complete
• Access southern sky and low energies using DeepCore subarray
• Expect increased sensitivity for low-mass WIMPs

– New Directions (Secluded Dark Matter, Dwarf Spheroidals, Earth)
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BONUS SLIDES
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ANNIHILATION LIMITS

• Different assumptions, simplifications, and dependencies make 
searches complementary

preliminary
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Global SUSY Analysis with IceCube
• More information from global statistical fit
• Likelihood constructed from many observations

– DM relic density from WMAP
– Precision electroweak tests at LEP
– LEP limits on sparticle masses
– B-factory data (rare decays, etc.)
– Muon anomalous magnetic moment
– LHC searches, direct detection

– + IceCube unbinned likelihood search
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IceCube IMPACT ON GLOBAL FIT

• Left: priors from previous observations
• Right: impact of non-detection from estimated 86 string 

sensitivity
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