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Event Topologies
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Through-going and 

Starting Topologies



Using the Earth as a Shield

ÅIceCube is a very good 
atmospheric muon 
detector
Å~200 neutrinos per day vs 

108 muons per day

ÅPenetrating muons are 
stopped by the Earth
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All Sky



Through-Going Muon Event Selection

ÅBegin with muon and EHE filters
ÅMuon filter: Everything track-like 

ÅEHE: Everything with > 1000 PE 
deposited in the detector

ÅApply quality cuts on track 
quantities and reconstructions

ÅBoosted Decision Tree (Adaboost)
ÅSignal: E-2 neutrino simulation

ÅBackground: Atmospheric neutrino 
simulation

ÅVerified with cross validation 
studies

ÅAtmospheric muon contribution 
taken as negligible to the final result
ÅNot included in likelihood fit
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Trigger Level

Final Sample

Ref. 1 https://arxiv.org/pdf/1607.08006v1.pdf

https://arxiv.org/pdf/1607.08006v1.pdf


Expectations for the Through-Going 
Muon Event Selection
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Monte Carlo 
Expectations



Atmospheric Neutrino Self Veto
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IceCube Å Things which start 
ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ 
opportunity to leave 
light at the edge of the 
detector

Å Low energy muons can be 
stopped on the way to the 
detector

Larger angle with respect to vertical Ҧ ƳƻǊŜ ƛŎŜ Ҧ ƭŜǎǎ Ƴǳƻƴ ŎƻƴǘŜƴǘ

(Using the atmosphere as an even better shield)

ÅAtmospheric muons and muon neutrinos come 
from the same decays

Å¢ǿƻ ōƻŘȅ ǇǊƻŎŜǎǎ Ҧ ŜƴŜǊƎƛŜǎ ŀǊŜ ƭƛƴƪŜŘ 

ÅҔ DŜ±  ŜƴŜǊƎƛŜǎ Ҧ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ŎƻƭƭƛƴŜŀǊ

Ref. 2 http://arxiv.org/pdf/1405.0525v1.pdf

http://arxiv.org/pdf/1405.0525v1.pdf


Starting Event Selection

ÅIncoming events are removed by two 
veto cuts
ÅIncoming track veto
Å< 2 hits coincident with possible muon track

ÅHESE veto + layer veto
Å0 PE allowed in layer veto
Å2 PE allowed in HESE veto

ÅRemoves all background events but 
the most persistent atmospheric 
muons and unaccompanied 
atmospheric muons
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Ref. 3 http://arxiv.org/pdf/1410.1749v2.pdf

http://arxiv.org/pdf/1410.1749v2.pdf


Expectation and Observed Events for 
the Starting Event Selection
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Expectation for the Starting Event 
Selection



Fitting Procedure 
ÅAll analyses are kept blind, except a 10% open (burn) sample 

for sanity checks, until the analysis procedure is fixed

ÅUse a binned Poissonianor modified Poissonianlikelihood
ÅPer bin expectation is taken as the sum of 

signal and background Monte Carlos
ÅBackground models are assumed to have 

a fixed spectral shape and scale 
only in normalization
ÅAstrophysical signal can vary in power law

index and normalization 
ÅComplete coverage of simulation is critical

ÅData where no simulation cannot be 
assessed

Å/ƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ŀǎǎŜǎǎŜŘ ǿƛǘƘ ²ƛƭƪǎΩ 
Theorem and profile likelihood scans with 1 free parameter
ÅConfirmed with ensemble tests when possible

Å!ŦǘŜǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŀǎǘǊƻǇƘȅǎƛŎŀƭ ŦƭǳȄΩǎ ǇǊƻǇŜǊǘƛŜǎΣ ǘƘŜ Ƴƻǎǘ 
likely neutrino energy for each data event can be unfolded
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Systematics

ÅTaken into account via independent Monte Carlo 
samples

ÅUse bin-wiseinterpolation between discrete 
systematic Monte Carlo sets
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Fit to the Observed Events for the 
Through-going Event Selection



Fit to the Observed Events for the 
Starting Event Selection



ÅThrough-going muons best fit

Åɮ πȢωπȢ
Ȣ ρπ

Ȣ Ȣ
ὋὩὠὧάί ίὶ

ÅStarting Events best fit

Åɮ ςȢπφȢ
Ȣ ρπ

Ȣ Ȣ
ὋὩὠὧάί ίὶ

Through-going Muons
Starting Events

Results
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