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“astronomy”



• IceCube and DeepCore complete and operating

• analysis of first year of DeepCore data in progress

• atmospheric neutrinos in IceCube



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



neutrino flavors

tracks and cascades
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completed December 18, 2010
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DeepCore start

IC-86
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DeepCore



1500

2500

low energy core for IceCube

AMANDA

Deep Core

• concept: contained vertex with no

hits in outer “veto” region is a

candidate for a downward  neutrino.

• scattering length 47m

• absorption length 220m

  Mtontenheightn scattstrings  2



Smirnov
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hierarchy



neutrino oscillations in Deep Core

resonance in effective θ13 angle traversing the Earth diameter at 10 GeV

hierarchy

sin2(2q13)=0.1

nt appearance

nm disappearance



Tyce DeYoung NDM 2009 September 3, 2009

muon neutrino disappearance

~20σ

without oscillations

with oscillations

Preliminary

full detector simulation

of 3-flavor oscillations

• 1 year DC

• no bg assumed

• cos(θ) < -0.6

number of hit DOM

used as simple

energy estimator



cascades in IC79 DeepCore (one tenth of data only!)

oscillations



DeepCore cascade events



atmospheric neutrinos in IceCube



… on to IceCube science

we measure the flux of atmospheric muons and 

neutrinos at higher energies and with better

statistics than previous experiments. Any deviations

from what is expected is new neutrino physics or

new astrophysics. We just look for surprises.



IceCube-40 atmospheric

neutrino spectrum



atmospheric neutrino spectrum to >100 TeV



zenith angle

two analyses

matter effect

of eV sterile n’s ?
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H Nunokawa O L G Peres
R Zukanovich-Funchal
Phys. Lett B562 (2003) 279

S Choubey  HEP 0712 (2007) 014

nm - ns  oscillations with Dm2 ~ 1 eV2

are enhanced in matter of the 
Earth in energy range 0.5 – few TeV 

IceCube

This distorts the energy spectrum 
and zenith angle distribution of the 
atmospheric muon neutrinos

S Razzaque and AYS , 
1104.1390,  [hep-ph]

from Smirnov’ s talk



number of nu-mu events versus cosq in IceCube 40

Dm2 = 0.4 eV2 and sin2q34 = 0 0.5
Arman Esmaili























do not try this at home



34

zenith angle

two analyses

SYSTEMATICS !!!

• K/ ratio

• zenith acceptance of

modules

• ice

• CR flux,composition

[IceTop helps]



neutrino flavors

(also ne appearance)



electron neutrino



IceCube 40:

seen:         14 events

predicted: 3 atmospheric n and 4 m background





Conclusions:

• DeepCore has seen cascades

(and oscillations)

• IceCube will have something to say about

eV sterile neutrinos

• do this at home (webpage with data and

effective areas on public webpage after

publication– AMANDA and IceCube 40

available) 



numu disappear nutau appear

hierarchy ?



hierarchy by statistics?



~ 10 GeV : hierarchy from matter effects

in the Earth near first absorption dip
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(mostly) neutrino + antineutrino -

sign D13 : hierarchy !


