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Motivation 

•  The main goal of the Ice Cube Deep Core 
array (ICDC) is to aid in the search for 
neutrinos of astrophysical origins 

•  Atmospheric neutrinos are commonly 
considered as a background for these searches 

•  We show here that cascade measurements in 
the ICDC can provide strong evidence for ντ 
appearance in atmospheric neutrino 
oscillations 



Neutrino Oscillations 

•  Easier to observe when Eν < 50GeV 
•  Super-Kamiokande (SK) used atmospheric neutrinos 

in the GeV range to provide evidence of neutrino 
oscillations 

–  Y. Ashie et al. [Super-Kamiokande Collaboration], Phys. Rev. D 71 112005 (2005). 
–  M. C. Gonzalez-Garcia and M. Maltoni, Phys. Lett. B 663, 405 (2008). 

•  Mena, Mocioiu, & Razzaque pointed out ICDC could 
provide further evidence of neutrino oscillations 
–  Large Instrumented Volume 
–  Lowered Energy Threshold 
–  O. Mena, I. Mocioiu and S. Razzaque, Phys. Rev. D 78, 093003 (2008). 



ICDC 

•  100,000 atmospheric neutrino events per year 
– Orders of magnitude above SK 

•  Optimized for µ-track detection 
•  Exploiting the cascade channel could provide 

oscillation evidence 
–  K. Abe et al. [Super-Kamiokande Collaboration], Phys. Rev. Lett. 97, 171801 (2006). 



Detecting ντ with ICDC 
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•  Finding ντ aided by 
–  Maximum in P(νµ→ντ) 
–  φµ~10φe 
–  Eν > Eτ, Threshold 
–  νµ → ντ → τ → µ already demonstrated to be significant 

•  O. Mena, I. Mocioiu and S. Razzaque, Phys. Rev. D 78, 093003 (2008). 



Cascades 



Cascade Signal 

•  Cascades have very limited directional information 
–  Integrate over upward going neutrinos 

•  Group into 5GeV bins in observable energy 
•  Considered 6 cylinders of radius 40 meters since most 

events will be single string at these energies 
•  Used full 3 flavor oscillation, but  

–  Solar parameters not too important at this energy 
–  θ13 also doesn’t effect conclusions 



Results 

•  Neglecting systematics, statistically significant signal, 3σ, in only months, 
•  Even if we include short µ-tracks as indistinguishable from cascades, we still 

get a significant signal, 3σ, in about a year 



Conclusions 
•  ντ constitute an irreducible background for 

astrophysical neutrino detection 
•  Energy range of ICDC is perfect for atmospheric 

neutrino oscillations 
•  Effects of systematics can be lessened using the high 

statistics of ICDC 
•  ICDC can be used in next few years to provide 

evidence of ντ from atmospheric neutrino oscillations 
at a high significance level 



Outlook 

•  Precision neutrino oscillation experiments will 
not provide better evidence for years 
– We are taking data now 

•  This will be the first sizable sample of ντ’s 
•  Allows for measure ντ CC interaction cross-

section 
•  Allows for studies of non-standard interactions 

of ν’s 



Thank You 

•  Questions? 



Oscillation Probability νµ→ντ 



Background Signal 



Tau Signal 



Atmospheric Flux Comparison 

V. Agraval, T.K. Gaisser, P. Lipari and T. Stanev, Phys. Rev. D 53, 1314 (1996). 



Equations 


