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Neutrinos in the atmosphere

Decays of mesons

(A. Fedynitch et al. 1806.04140)

‘conventional’

‘prompt’
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Prompt neutrinos
Shortlived mesons with 
semi-leptonic decay

eg. 
charm

Which mesons exactly ?
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Atmospheric neutrinos

(MCEq, Fedynitch et al. 1503.00544)

→ For neutrinos: prompt ~ charm
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Where does charm come from?
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Charm production in QCD

‘soft’

Quarks (charm) & gluons

‘Parton shower’

hadronisation

Proton 
remnants
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Hadron interactions in SIBYLL

 etc.

proton

proton

proton

proton

Color ‘strings’

* multiple interactions
* minijets
* string fragmentation 
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Charm production in SIBYLL

Evidence for leading, 
soft charm (SELEX)

Parameter :

Rate of charm in quark 
sampling

central

forward
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Charm tuning

Fixed target
 Fix shape!

LHC, fix pert.*
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Inclusive charm cross section
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Sibyll vs. NLO

(with M.V. Garzelli)

central

Good agreement

Full long. phasespace

Not so much
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Flux predictions
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Atmospheric flux

??Range of predictions

what happened with pQCD works ?

→ additional modeling: 

* nuclear interaction
* phasespace extrapolation
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Down-to-horizontal ratio

Measures 
prompt
 vs. 
Non-prompt

Or
First vs.
Secondary
interactions
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Flux decomposed

Prompt neutrinos
only for Sibyll → charm!

Prompt muons also 
from ‘unflavored’ 
mesons
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How reliable are these predictions ?
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Where in the air shower?

First 
interaction

cascade

(including decay of 
products)

cascade
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Primary energy
LHC 2.3, 7, 13TeVSPS

LHC: our tool!
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Phasespace

Source term
Impact of 
variation in 
prod. spectrum
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Phasespace coverage

Source term

LHCb only covers 
small fraction 

LHC detectors: not so great :(
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Charm data
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Calibrate charm with muon flux 
measurement ?

Prompt 
dominated 
by 
unflavored !
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Summary

* high energy neutrino flux from prompt/charm 
clear prediction by QCD

* prediction slightly depends on non-perturbative effects 
(forward, low-x)

* models need experimental input for forward region
(fingers crossed for pO at LHC)

* future: charm in EPOS 3 (?) 
→ nuclear effects, hard-soft correlation 
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Unflavored prompt
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Phasespace coverage, low energy
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Atmospheric leptons
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Atmospheric leptons
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