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Atmospheric neutrino phenomenology
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Ingredients for high-precision atmospheric neutrino flux calculation

ÅFor high precision calculations all phenomena 

need accurate modeling

ÅUncertain ñingredientsò:

Å Cosmic ray spectrum and composition

Å Hadronic interactions

Å Atmosphere (dynamic, depends on use case)

Å (Rare) decays 

Å Geometry, magnetic fields, solar modulation

ÅNo clear prescription how to handle 

uncertainties.

ÅEnergy range MeV ïEeV!
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Production channels

(from longer-lived hadrons)

(from rare short-lived hadrons)
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Transport equations (hadronic cascade equations)

System of coupled non-linear PDE for each particle species h :

Interactions with air

Decays

Continuous losses

Re-injection from 

interactions

Re-injection from 

decays
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Hadronic origin of muonic leptons
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Hadronic origin of muonic leptons
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ÅRole of each hadron for inclusive fluxes

understood

ÅRelative ñmixtureñ depends on atmosphere

and zenith angle

AF, F. Riehn, R. Engel, T.K. Gaisser, T. Stanev, in prep. (2018)
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Flux measurements
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At lower energies

ÅGood match between theory and measurement

ÅExperimental uncertainties dominated by

Åsystematical for nm

Åsystematical + stat. for ne

ÅBin-bin correlations due to poor energy 

resolution for certain event topologies

ÅWeak constraints on calculation uncertainty 

from flux measurements

oscillations CR spectrum & Hadronic inter.

Super-K Coll., PRD 94, 052001 (2016)
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Flux measurements
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At high energies

ÅAll measurements agree within uncertainties 

(20-50%)

ÅGood agreement between theory and 

experiment

ÅAbove 100 TeV large bin-bin correlations and 

astrophysical ñbackgroundò

CR spec., hadr. int., BSM

IceCube, Eur. Phys. J. C (2017) 77 :692

prompt & astrophysical

AF, Becker Tjus, 

Desiati, PRD (2012)

Atmospheric fluxes are 

sufficiently well known
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MCEq: numerical (open source) solver

> Simultaneous solution of up to 8000 kinetic 

equations

> Energy range 1 (5) GeV ï1011 GeV

> All models included

> High optimization: multi-core, GPU, é 

(BLAS, MKL, CUDA) (~milli-seconds)

> MIT licensed @ 

https://github.com/afedynitch/MCEq

CORSIKA: A. Fedynitch, J. Becker Tjus and P. Desiati, PRD 2012

MCEq: A. Fedynitch, R. Engel, T. K. Gaisser, F. Riehn and S. Todor. PoS ICRC 2015, 1129

MCEq: Code paper, AF, R. Engel, in prep. for submission

https://github.com/afedynitch/MCEq
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MCEq-based predictions

Å Old 2002 (GH) primary model for HKKMS and Bartol, H3a for the rest

Å Data can not discriminate between calculations

Å Shown are zenith and azimuth averages
AF, F. Riehn, R. Engel, T.K. Gaisser, T. Stanev, in prep. (2018)

HKKMS: M. Honda et al., PRD 92 (2015)

Bartol: G. Barr et al., PRD 70 (2004)

Sinegovskaya et al. PRD 91 (2015)

MCEq: AF, R. Engel in prep.  
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Zenith angle: Modified competition of decay and interactions 
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Neutrino properties manifest as pattern in E-q plane
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Normal mass ordering

Slide by S. Blot (IceCube)

See talk by Thomas Stuttard

tomorrow morning
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Non-standard oscillations with high energy neutrinos
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muon neutrinosmuon anti-neutrinos
Relative rate change due to sterile 

neutrinos in IceCube > 100 GeV

Uncertainties physically correlated 

and related to different quantities

IceCube, Phys. Rev. Lett. 117, 

071801 (2016) Talk by Thomas Stuttard

(& maybe Jordi Salvado)



Page 20

Different hadronic components shape the zenith distribution
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5 GeV 100 GeV 1 TeV 1 PeV

Not trivial!
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Relation between lepton and cosmic ray energy
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Signatures of the prompt neutrino flux
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Maria Vittoria G. will talk about

prompt in the afternoon


