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NEUTRINOS: THE WINDOW TO THE EXTREME UNIVERSE
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NEUTRINO INTERACTIONS

Detect Cherenkov radiation from
secondary charged particles
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IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW—-Madison

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

ICECUBE
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Cosmic ray
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ATMOSPHERIC NEUTRINO FLUX DEPEND ON

LEN
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ATMOSPHERIC NEUTRINO FLUX DEPEND ON
ENERGY AND FLAVOUR

Nue: prompt overtakes conventional at ~20 TeV

Numu: prompt overtakes conventional at ~200 TeV
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Amaijsus

HIGH ENERGY STARTING EVENTS =

(HESE)

Veto layer to select pure neutrino events
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Amaijsi,s 2

ENHANCED STARTING TRACK SELECTION (ESTES)

Breaking degeneracy of prompt: self-veto

E,=50 TeV, Depth = 2.0 km
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Amaijsi,s 2

ESTES: PROMPT IMPACT ACCORDING TO ASIMOV TEST
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Anabjsis 2

ESTES: DATA RESULTS
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NORTHERN TRACKS

Use Earth as a shield

Fraction of prompt neutrino events

Number of events
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Analysis 3
NORTHERN TRACKS

* Hadronic interaction model switched to Barr parameters

Number of Events per Bin

Data / MC

* Atmospheric predictions now produced with MCEq
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Amod.vsi,s 3

NORTHERN TRACK: DATA FIT PROMPT=0

Average Fit value

Mis-modelling of astrophysical spectrum leads to bias in prompt (Standard deviation)
Fitted Astro Model
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Additional Parameters
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OMBINED FIT: TRACKS AND CASCADES

* high statistics of tracks to constrain conv., self-veto from cascades for prompt

* single power law no longer describes data & prompt bestfit non zero
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Anais:}sis -

TRACK+CASCADE FIT  siore ot an

Conv. Atmospheric:
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** could do study how would precise knowledge (narrow prior) of prompt impact on astrophysical spectrum. Currently no prior



Work-in-progress

ATMOSPHERIC MUON AND NEUTRINO FLUX

Neutrinos and muons share same hadronic origin from the Atmospheric air showers
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muon deficit due to prompt component from charm
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-> important for rare event identifications
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Work-in-progress

CHARM FROM DEEP INELASTIC SCATTERING

Charm: higher inelasticity from DIS & may decay semileptonically

-> modelled as inelasticity uncertainty
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Figure 2.11: Charm production fraction computed from PYTHIA neutrino CC and NC DIS interac-

tions using CT14nlo.

Background for nutau searches sensitive at tau length~10m (DO interaction/decay length ~3.3m at 50 TeWV)



Work-in-progress

CHARM FROM HADRONIC SHOWER IN ICE
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charm produced in hadronic
showers are not currently
considered in nutau and flavour

analyses

Shower profile fluctuations
infroduce additional systematics
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CONCLUSION

*lceCube diffuse analysis has come a long way —modernizing treatments of atmospheric neutrino flux
uncertainties + hadronic interaction models -> now in transition to DAEMON flux (see Anatoli’s talk)

* Self-veto breaks degeneracy of atmospheric prompt flux -> precise modeling of self-veto is a priority for
diffuse analysis in the era of high statistics when features are becoming significant in the flux spectrum

* Prompt flux remains dominate systematic uncertainty for astrophysical parameters: followup studies possible
to provide quantitative statement

* Unsolved: unify uncertainties in atmospheric muons and neutrinos

* Did not mention — nu seasonal variation, muons from IceTop (i.e., muon puzzle), cross section measurements,
Sterile neutrino search, di-muon search, leptoquark search ...

Many plots taken from PhD thesis of : Joeran Stettner, Sebastian Schoenen, Manuel Silva, Austin Schneider

And curtsies to support from: Jakob Boéttcher, Philipp First, Erik Ganster, Richard Naab, Tianlu Yuan.
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