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What is Sterile neutrino ?
It is beyond my capacity to clearly answer it, I pick up here the sentences from a reference  

“ Right-handed neutrinos would be weak isospin singlets with no 
weak interactions except through mixing with the left-handed 
neutrinos.  For this reason, the right-handed neutrinos are 
referred to as sterile neutrinos “

“ the sterile neutrino is more broadly defined as a neutral lepton with 
no ordinary weak interactions except those induced by mixing. “

“Sterile Neutrinos: An Introduction to Experiments” 
J. M. Conrad and M. H. Shaevitz, arXiv:1609.07803 [hep-ex]

https://arxiv.org/abs/1609.07803


A two neutrino oscillation model
-- simple model to explain the oscillation --

・The flavor eigenstates (a, b = e, m, t) can be written as a 
function of the mass eigenstate

or concretely 

・Since each mass eigenstates propagate with different 
frequency as bellow : 

This is different in each 



As a result, the probability to change the flavor can be calculated as :  

This mixing angle term decides the oscillation amplitude

The oscillation wavelength

can maximize the oscillation



( Example )   result from SK (Super-Kamiokande experiment) 

L ~ 15kmL ~ 12000km

Green line : w oscillation

Orange line : wo oscillation

In 1998 



A three neutrino oscillation case , , ,



LSND (the Liquid Scintillator Neutrino Detector) excess  
indicating possible               appearance 



Beyond a three neutrino model ?

But , we know the precise measurements of the Z0 width at 
LEP, which determined that there are only three generations 
of light-mass weakly-interacting neutrinos.   

Motivation of  the 4th but not weakly-interacting neutrino = sterile



Reference : Allowed regions for 3+1 scheme 



IceCube



Conceptual design of a large neutrino detector





Fig 2. Top view of IceCube Fig 3. Side view of IceCube

DeepCore



Fig 1. muon neutrino survival probability
Fig 5. ratio of the expected event counts 
for sterile neutrino hypothesis

Sterile neutrino hypothesis 
and observation



Comparison the data with expectation 

### (I think) the “3+1” model is expected here, therefore, the shape of the green line 
is also constrained during the fitting. 



Fig 5. ratio of the expected event 
counts for sterile neutrino hypothesis

2D significance map



Exclusion Limit



Summary

-- The search of sterile neutrino (3+1) model with 
DeepCore detector at IceCube presented a exclusion 
limits on mixiing angle space.

-- The value of Dm41 is fixed at 1.0 eV during the 
study, and it is almost no impact on the exclusion 
limit.





IceCube Construction


