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Outline:

A brief introduction to IceCube

Sterile neutrinos

Effect of sterile neutrinos on ATM neutrinos

Results
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The Neutrino Sky
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M.Markov :
we propose to install detectors 
deep in a lake or in the sea and 

to determine the direction of 
charged particles with the help 

of Cherenkov radiation.

M. Markov
1960

        B. Pontecorvo
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IceCube / Deep Core

 Digital Optical Module (DOM)

• 5320 optical modules on 
86 strings ( + IceTop)

• detects ~220 neutrinos 
and 1.7x108 muons per 
day

• threshold 10 GeV
• angular resolution
     < 1 degree

Wednesday, September 7, 2011



completed December 18, 2010

IC-1
04-05 Season

IC-9
05-06 Season

IC-22
06-07 Season

Wednesday, September 7, 2011



completed December 18, 2010

IC-1
04-05 Season

IC-9
05-06 Season

IC-22
06-07 Season

IC-40
07-08 Season

Wednesday, September 7, 2011



completed December 18, 2010

IC-1
04-05 Season

IC-9
05-06 Season

IC-22
06-07 Season

IC-40
07-08 Season

IC-59
08-09 Season

IC-79
09-10 Season

IC-86
10-11 Season

Wednesday, September 7, 2011



IPP11, Tehran

Flavors
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background for 
the astrophysical 
neutrino searches
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astro-ph: 1010.3980

Overhead view of IceCube 40 
string configuration
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IceCube Col. (1010.3980)
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Nevents =

�
dt

�
dΩ

�
dE . Φ(E, θ) . Aν

eff(E, θ)
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The effective area is the area occupied by a hypothetical detector with the 
same collecting power as IceCube, but with 100% efficiency

Nevents =

�
dt

�
dΩ

�
dE . Φ(E, θ) . Aν

eff(E, θ)
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The effective area is the area occupied by a hypothetical detector with the 
same collecting power as IceCube, but with 100% efficiency
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flux of atmospheric neutrinos with units of
GeV!1 s!1 sr!1 cm!2
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The effective area is the area occupied by a hypothetical detector with the 
same collecting power as IceCube, but with 100% efficiency

Nevents =

�
dt

�
dΩ

�
dE . Φ(E, θ) . Aν

eff(E, θ)

flux of atmospheric neutrinos with units of
GeV!1 s!1 sr!1 cm!2

The neutrino effective area already contain the 
propagation and interaction of neutrinos in the Earth
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IC40 neutrino effective area

astro-ph: 1010.3980
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Sterile Neutrinos

Sterile means no standard model interactions
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Oscillation Phenomenology in the 
presence of sterile neutrinos

Active neutrinos ("e ,"µ ,"#) can oscillate into sterile neutrinos ("s)

Observables:
Disappearance of active neutrinos

Indirect evidence through combined fit of data{

∆m2
sol ∆m2

atm ∆m2
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Oscillation Phenomenology in the 
presence of sterile neutrinos

Active neutrinos ("e ,"µ ,"#) can oscillate into sterile neutrinos ("s)

Observables:
Disappearance of active neutrinos

Indirect evidence through combined fit of data{

∆m2
sol ∆m2

atm ∆m2

for 3+1 scheme: three new mixing 
angles !14, !24, !34 and effectively 
one new mass-squared difference 

"m214  
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H. Nunokawa, O. L. G. Peres, 
R. Zukanovich-Funchal 

Phys. Lett B562 (2003) 279

S. Choubey 
JHEP 0712 (2007) 014

S. Razzaque and A. Smirnov
1104.1390, [hep-ph]

ATM Neutrinos

"µ - #s oscillations with $m2 ~ 1 eV2 are 
enhanced in matter of the Earth in energy 

range 0.5 – few TeV

This oscillation changes the energy 
spectrum and zenith angle distribution of 

the atmospheric neutrinos

Thus, a distortion in the energy spectrum and 
zenith angle distribution of high energy atm 

neutrinos 
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sin2 θ14 = 0

sin2 θ24 = 0.04

sin2 θ34 = 0.04

∆m2
41 = 0.6 eV2

Normal Hierarchy
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Aν
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Survival Probabilities
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ATM Flux (Honda+Volkova)

Conventional

Prompt
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But

Systematics

Pion to Kaon ratio

Zenith acceptance of PMTs

Ice properties

CR flux, composition (IceTop)
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What To Do?
IPP11, Tehran

Doing the same analysis for AMANDA 8 years data 
and waiting for IC59 data

Work in progress ......
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Thank you!
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Reactor Antineutrino Anomaly
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