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Plan of Talk

Motivation to build IceCube


IceCube Neutrino Telescope : Concept & Design


Astrophysical Neutrinos .. 


IceCube Gen2 : Future Extensions
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Role of Neutrinos @ HE Astrophysics
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Origin ?

Role of Neutrinos @ HE Astrophysics
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Role of Neutrinos @ HE Astrophysics
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IceCube Neutrino Telescope
Absorption Length 

tap water 2m 
distilled water 10m 
ultra pure ice 200m

5160 Optical Modules 
1km3 = Gton Volume

Radioactive contaminants,  
thermionic noise very small

1 Km



Debanjan BoseCANDARK 2017, 
ICTS, Bangalore 7

IceCube Neutrino Telescope
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NC all types
CC Electron & Tau

Event Topology cc nc

Only @ v. v. high energy
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Neutrino Spectrum
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IceCube Events

Muon Trigger Rate 3 kHz

10-12/yr
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IceCube Events

10-12/yr
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Science with IceCube
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Big Three

PRL 111, 021103 (2013) 
Science 342, 1242856 (2013) 

PRL 113, 101101 (2014)

http://icecube.wisc.edu/pubs

Bert : 1 PeV Ernie : 1.1 PeV Big Bird : 2 PeV

http://icecube.wisc.edu/pubs
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1.1 PeV
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High Energy Starting Event Search

Veto layer excludes atmospheric muons 
and some atmospheric neutrinos


Sensitive to all flavors, all directions

54 events in 1347 days (2010 to 2014)

Expected Background : 21 


Significance : 7σ
PoS (ICRC2015) 1081

39 
15



Debanjan BoseCANDARK 2017, 
ICTS, Bangalore 17

Skymap - High Energy Starting Event 

No Significant Clustering Found Including Around Galactic Plane
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Through Going Muons

RA : 110.63

DEC : 11.42

Deposited energy 
2.6 PeV (June 2014) 

 Actual Energy 4.5± 1.2

Atmospheric origin rejected at 5.6σ

Dominant above 200 TeV


Spectral Index E-2.13

Up going or Horizontal track =

Earth-filtered (99.7% pure


muon neutrino sample)
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Point Source Search All Sky

p-value : 39%

p-value : 44%

7 yrs through-going tracks (2008-2015)
5 yrs starting tracks (2010-2015)

Full Sky scan of local significance : Likelihood method

No significant point source found
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Flavour Ratio

pion decay & muon damped allowed 
neutron decay excluded (3.7σ) 

 ApJ 809, 98 (2015) 
PoS(ICRC2015) 1066

From flavour ratio study we

get an idea about the surroundings


of the cosmic sources
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GZK - Neutrinos

• 7 years of IceCube data  PeV 
to EeV range


• No cosmogenic candidate 
neutrinos found


• Placed tight limits on GZK 
models
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Indirect Dark Matter Search
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Indirect Dark Matter Search

 arxiv.org/1612.05949
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Neutrino Oscillations

P⌫µ!⌫µ ⇡ 1� sin22✓23sin
2[1.27�m2

32L/E]

 PRD 91, 072004 (2015)
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Sterile Neutrino Search

Existence of sterile neutrino  
state produces resonance like 

disappearance 

Preferred range around  
1eV2 leads to resonance 

in TeV scale 
  

Strong constraints on θ24 
for Δm2 around 0.1-2eV2

 PRL 117, 071801 (2016)
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A Giant neutrino factory :

   A supernova radiates 10 times more  
     neutrinos than there are particles,  
protons, neutrons and  electrons in the sun.

Supernova Search with IceCube

Astronomy & Astrophysics 535, A109 (2011)
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Road Ahead ..
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High Energy Extension

• Resolving the sources of astrophysical neutrinos 
• Neutrinos from highest energy cosmic rays 
• Are there signature of new physics at >= PeV energies ?  
• Number of observed cosmic neutrinos will be ten times

arXiv : 1412.5106 

8 km3 6 km3 9 km3
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PINGU - Low Energy Extension
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PINGU - Low Energy Extension
Neutrino Physics with atmospheric neutrinos

• Neutrino mass ordering
• Tau neutrino appearance
• SN neutrinos
• Dark matter Searches
• Geophysics
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IceCube Gen 2 Phase 1

               125 sensors per string      

  22m horizontal / 2.4m vertical DOM spacing

mDOM - 24 3inch PMTs

Better directionality


Double photocathode area
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IceCube has begun a new era in astro-particle physics

Increasing evidence for high energy neutrinos beyond the 
atmospheric spectrum, though origins not known

Other exciting physics being done by IceCube : cosmic ray, supernova, 
dark matter, neutrino oscillations ..

Good prospects for future upgrades

Exciting time for multi-messenger astronomy 

Summary

IceCube Gen2

Timeline


