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The IceCube Neutrino Telescope
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How do we Detect Neutrinos”?

e |ceCube separates neutrino interactions into two types:

U
* Tracks %f/\i Cascades
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Fvents In the Detector
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e Events are separable using their
signature in the detector
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® /8 Strings

® 125m string spacing

® 1/m DOM spacing
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lceCube Results

Bl Bkg. Atmospheric Muon Flux (Tagged Data)
B Bkg. Atmospheric Neutrinos («/K)

Bikg. Uncertainties (AN Atm. Neutrinos)

- Atmospheric Neutrinos (Benchmark Charm Flux) H
= Armospheric Neutrinos (90% CL Charm Limdt)
—  Signal+Bkg. Best-Fit Astrophysical £ Spectrum
= All Events (Trigger Level)
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lceCube + DeepCore

e /8 5trings
e 125m string spacing
e 17m DOM spacing
e Add 8 strings
e /5m string spacing

e /m DOM spacing
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DeepCore Results
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DeepCore Results

e Approximately 1
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Even Lower Energies

e Deep Core Is a success, but we get
access to more physics with a lower
threshold

® Mmuon neutrino disappearance

¢ maximal 823 measurement
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lceCube + DeepCore + PINGU

e /8 Strings
° 125m string spacing
. 17m DOM spacing
e  Add 8 strings
e  /bm string spacing
° 7/m DOM spacing
e Add 40 strings
e 20m string spacing

e 5m DOM spacing
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Earth Density (g/cmA3)

Vlass Hierarchy Determination

e [Experiments use the difference in MSW effect for v
and anti-v

e (Combine with difference in v and anti-v cross-section
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Neutrino Oscillograms

anti=v,

® [he cross-
section and flux
are different for
VU and v

® [he patterns
are therefore
different!
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\Vlass Hierarchy Determination

Cascade-Like Events Track-Like Events
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o Difference In counts between hierarchies illustrates
distinguishability

e F[vent selection, reconstruction not included here
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The Bottom Line
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Future of the NMH Measurement

e MANY caveats

e median outcome

after Blennow et al., arXiv:1311.1822
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Conclusion

e |ceCube and DeepCore have been
very successful and have shown that
particle physics is possible In ice

e PINGU will provide insight into the
nature of the NM

e (Canada has taken a leading role in the
development of PINGU, responsible
for all simulation while contributing to
analysis and reconstruction
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lceCube + DeepCore
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lceCube + DeepCore

e Addition of extra
strings in closer
proximity lowers t
detection thresho
energy

e [his allows for
sensitivity at the
energy of an

AlS

osclllation minimum

K. Clark - CAP Congress 2014

50

lllllll

Lo o o

DeepCore Trigger
{ snngus |cE&Cube Trigger w/o DC
Oscillation
Minima
!ll.llllJ .....
C 1.2 1.4

22

UNIVERSITY OF

% TORONTO



Distinguishabillity
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e Add In the proper reconstruction of the

events
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