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Digital Optical Module 
(DOM)
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CC interaction in ice or bedrock

Cherenkov-light time and spatial 
distribution 

 ↳ muon direction
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Eµ = 139 TeV 

Eν = 179 TeV
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We are 
here!

• Muon above cri-cal energy
• Loses energy stochas-cally
• Resolu-on: σlog10(E/GeV) ~ 0.4
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All event morphologies
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Factor of ~ 2 energy resolution 
< 1 degree angular resolution

15% deposited energy resolution

10 degree angular resolution 
(above 100 TeV)

(resolvable above ~ 100 TeV 
deposited energy)
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Atmospheric neutrinos in IceCube

Three important observables:

• Energy

•Direction (zenith angle)

•Morphology: cascade, track, starting-track

DC IceCube DC IceCube
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Neutrino Flux Unfoldings
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IceCube-DeepCore 3yr Unfolding
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IceCube 1yr unfolding

arXiv:https://arxiv.org/abs/1607.08006

https://arxiv.org/abs/1607.08006
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Forward-folding analyses 
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IceCube-DeepCore 3yr Pion-to-Kaon 
measurement Effect of increasing the pion fraction by 20%

IceCube Preliminary
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High-energy track measurements
8 years of northern track muon-neutrino
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High-energy track measurements
8 years of northern track muon-neutrino
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High-energy track measurements
Upcoming 9.5 years of northern track muon-neutrino

IceCube Preliminary

IceCube Preliminary
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Fedynitch et al. arXiv:1806.04140

Fedynitch PANE2018.

Improved treatment of atmospheric flux 
uncertainties
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G. D. Barr, S. Robbins, T. K. Gaisser, and T. Stanev,

Phys. Rev. D 74 (Nov, 2006) 094009

Fedynitch et al. arXiv:1806.04140

Fedynitch PANE2018.

Improved uncertainty in conventional 
component

RECENT PAPER: arXiv:2005.12943
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“Barr templates” for high-energy muon-neutrinos
RECENT PAPER: arXiv:2005.12943
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High-energy track measurements

Prompt component best-fit point is still zero with improved analysis.

Constraints from improved analysis coming soon!

Upcoming 9.5 years of northern track muon-neutrino
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High-energy cascade measurements

RECENT PAPER: arXiv:2001.09520

6 years all-sky cascade analysis
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High-energy starting-events 
measurements

NEW PAPER: arXiv:2011.03545
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DowngoingUpgoing

Effect of coincident-muon rejection 

Schönert,  Gaisser,  Resconi,  Schulz 
Phys.  Rev.  D  79;  043009(2009) 
Gaisser,  Jero,  Karle,  van  Santen 
Phys.  Rev.  D  90;  023009(2014) 

CA,  Palomares-Ruiz,  Austin Schneider,  
Wille,  Yuan 

JCAP  1807  (2018)  no.07,  047
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High-energy starting event data fit

NEW PAPER: arXiv:2011.03545
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Prompt on High-energy starting sample

• Atmospheric-only fit results 
in a very poor fit to the 
angular distribution.


• Requires extremely large 
prompt flux ~ 20 times larger 
than baseline model. Ruled 
out by all of our prompt 
constraints.

NEW PAPER: arXiv:2011.03545
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Prompt on High-energy starting sample
• Astrophysical power-law parameters mostly 

uncorrelated with prompt flux normalization.

• Starting event sample results in a poor constraint to 

the prompt flux, compare to other samples, due to 
the coincident-muon suppression.

NEW PAPER: arXiv:2011.03545
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Atmospheric neutrino 
public repository
https://github.com/IceCubeOpenSource/nuflux
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Take home message

• High-energy and low-energy unfoldings. 

• Measurement of the pion-to-kaon contribution at sub-TeV energies. 

• Search for prompt neutrinos using cascades, tracks, and starting tracks: so 
far no prompt component observed. 

• Improved treatment of the conventional component by means of Barr-
gradients. Data can constrain parameters to be smaller than priors. 

• Strongest prompt constraints still come from the northern sky tracks at ~ 
2.5 BERSS. Cascade constraints at a similar level. 

• New open source neutrino flux repository! Try it out!
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Gracias!
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Bonus Slides
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Upcoming 9.5 years of northern track muon-neutrino
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8 years of northern track muon-neutrino
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6 yr cascade segmented fit result
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7.5 yr HESE segmented astro fit result
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RECENT PAPER: arXiv:2005.12943

8 yr muons with the MEOWS sample


