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Event Topologies

Charged-current v, Neutral-current / ve Charged-current v .

Through-going and
Starting Topologies

(data)

(simulation)

Up-going track Isolated energy “Double-bang”
deposition (cascade)
with no track

Factor of ~2 energy resolution 15% deposited energy resolution (none observed yet: T
< 1 degree angular resolution 10 degree angular resolution (above 100 TeV) decay length is 50 m/PeV)
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Using the Earth as a Shield
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ThroughGoing Muon Event Selection

++  Experimental data mmm Conv. atmospheric v,
B Atmospheric j B Astrophysical v,

A Begin with muon and EHE filters 1 1
A Muon filter: Everything trackike ujo: :

A EHE: Everything with > 1000 PE ="

—w2| Trigger Level
deposited in the detector E i 9
. ERURER T —
A Apply quality cuts on track .
quantities and reconstructions o — _
A Boosted Decision TreAdaboos}) R oo 00 0 o
A Signal: B neutrino simulation o cosl®)
A Background: Atmospheric neutrino _
simulation I ﬁLL
A Verified with cross validation = | Final Sample '
studies 7" 1
A Atmospheric muon contribution ~ © 1+
taken as negligible to the final result
A Not included in likelihood fit 1o | | A
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Ref. 1 | https://arxiv.org/pdf/1607.08006v1.pdf cos(6) 4



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

Expectations for thé&hroughGoing
Muon Event Selection

Energy spectrum of muons at center of IceCube

Events per Bin in 2060.0 days
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Atmospheric Neutrino Self Veto

(Using the atmosphere as an even better shield)

A Atmospherionuons and muomeutrinos come

from the same decays // Atmosphere
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http://arxiv.org/pdf/1405.0525v1.pdf

Starting Event Selectior

Alncoming events are removed by two
vetlo cuts
A Incoming track veto
A < 2 hits coincident with possible muon tracl

A HESE veto + layer veto
A O PE allowed in layer veto
A 2 PE allowed in HESE veto

ARemoves all background events but
the most persistent atmospheric
muons and unaccompanied
atmospheric muons

Ref 3 | nttp:/arxiv.ora/pdf/1410.1749v2.pdf
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http://arxiv.org/pdf/1410.1749v2.pdf

Events per year
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Expectation and Observed Events for
the Starting Event Selection
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Events in 641 days
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Expectation for the Starting Event
Selection
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—  Prompt v
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Fitting Procedure

AAIl analyses are kept blind, except a 10% open (burn) sample
for sanity checks, until the anaIyS|s procedure is fixed

AUse a binnedPoissoniaror modlfledP0|sson|amkellhood

A Per bin expectation is taken as the sumo
signal and background Monte Carlos !

A Background models are assumed to have
a fixedspectralshape and scale
only in normalization

A Astrophysical signal can vary in power lav
index andnormalization

A Complete coverage of simulation is critice =
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A Data where no simulation cannot be 2 100 100 108 100 107 10°
assessed E, ] GeV

— Astrophys riuos A

Al 2 VT A RS y OS A Y G§SNIDI f & - 5“‘]3”?” e S

Theorem and profile likelihood scans with 1 free parameter
A Confirmed with ensemble tests when possible

Al FGSNI FaasSaaAray3a 0KS | aldNRLIKE
likely neutrino energyor each data eventan be unfolded



Systematics

ATaken into account via independent Monte Carlo

samples

AUse binwiseinterpolation between discrete
systematic Monte Carlo sets

IC59 IC79 1C2011 1C2012-2014 scaling  Best Fit (68% C.1.)
Flux properties:
Conventional flux ® ..+ 1.028 1.047 1.184 1.194 relative 0.998 £+ 0.003
Kaon-pion ratio K /7 1.310 1.514 1.002 1.032 relative 0.977 £ 0.027
Cosmic-ray spectral index Avycgr -0.049 -0.049 -0.061 0.012 absolute 0.0081 509
Cosmic-ray model Acr 1.0 (H4a) 1.0 (H4a) 1.0 (H4a) 1.0 (H4a) absolute 0.0-0.5
Optical efficiency €,p 1.011 0.974 1.042 1.056 relative 1.002 + 0.002
Optical ice properties:
Scattering length Ascat 1.027 1.014 relative 0.999 £ 0.005
Absorption length A,ps .- 1.000 1.047 relative 1.001 £ 0.004
Absorption/scattering length A,pg /scat e 0.991 relative 1.000 £ 0.004
Ice model Aice1 [SpiceMie, WHAM] 0. (SpiceMie) SpiceMie (fixed) . absolute 0.000 + 0.014
Ice model Aice2 [SpiceMie,Spicelea] e - 0.551 SpiceLea (fixed) absolute 0.006 + 0.057
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Fit to the Observed Events for the
Throughgomg Event Selection

++ Exp. data B Astrophysical v + E Co »spheric v + v Combined v + 7
| — 102012-2014 f
f M
| W |
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Fit to the Observed Events for the
Starting Event Selection

[ 1 Conventional v [ Penetrating p 1 Astrophysical v
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Results
Throughgoing Muons

Starting Events

A Throughgoing muons best fit
( 8 8 ) ~
A K (o § pm )(—) 0QMGG i i
A Starting Events best fit
( 8 8 ) ~
A K carod pm )(—) 0QMGG i i



