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• determination of νe spectrum via cascades 

• νµ / νe ~ 10 @ 1 TeV


• onset of prompt contribution from charm at lower energy
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atmospheric neutrinos

measurement of conventional neutrinos 
have NO impact on determination of 
charm & astrophysical contributions
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• 1078 events / 332.3 days (0.3-14 TeV)


• 70 events > 10 TeV
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• charm production between conventional 
& astrophysical components


• is charm contribution important ?


• how much do we know about it ?


• is it possible to measure it ?
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event veto with 
low energy extension (60 TeV → 10 TeV)

self veto to reject 
atmospheric neutrino contribution 

from southern hemisphere

5



Paolo Desiati

atmospheric neutrinos 
prompt & astrophysics

6



Paolo Desiati

atmospheric neutrinos 
prompt & astrophysics

7

• 283 cascades + 105 tracks in 2 years


• best fit NO charm contribution


• soft astrophysical spectrum
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• all sky 90% CL charm limit ~ 1.4 ERS


• separate hemisphere 90% CL charm 
limit ~ 3.6 ERS
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atmospheric neutrinos 
prompt & astrophysics

best fit is NO charm 
!
anti-correlation between charm flux & 
astrophysical spectral index 
!
determine prompt component with 
muons ?
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• large muon bundles of low energy muons


• high energy muons (leading muons, low 
multiplicity)


• stochastic energy losses to separate 
them
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Adrian-Martinez et al. 
Eur. Phys. J. C 73, 2006, 2013
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• determination of atmospheric νμ spectrum


• 2 independent energy estimators & unfolding techniques
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Adrian-Martinez et al. 
Eur. Phys. J. C 73, 2006, 2013
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atmospheric neutrinos 
and diffuse fluxes

preliminary comparison with IC59
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atmospheric neutrinos 
and diffuse fluxes

3 years still to analyze 
will improve sensitivity
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μ

νμ
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through-going 
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starting events 
self veto 

μ

ν

ν

→ lower energy 
threshold
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Medium Energy Starting Events - MESE 
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Data$Stream$ Live,me$(days)$ Dates$

Throughgoing)Muon) 1372.4) 4/2008)–)5/2012)

Star9ng)Track) 988.5) 5/2010)–)5/2013)

sensitivity improvement in 
northern hemisphere (up-going) 
with MESE event selection
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• Ks is usually neglected


• however it contributes to νe flux > 100 TeV: needs to be accounted for

arXiv:1409.4924



Paolo Desiati

atmospheric neutrinos 
K short

23

• +<10% contribution to conventional νe


• flux is already small in the @100 TeV: 0.96 → 1.05  3 years of HESE sample


• neutrino/anti-neutrino ratio depends on energy

arXiv:1409.4924
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atmospheric neutrinos 
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• pQCD + nuclear effects


• non-perturbative QCD & intrinsic charm
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extrapolation to 
forward region 
FONLL
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• proposed in 1980 to explain some observations


• virtual c-pair in nucleon: probability ~ 0.5% - 3% (wide range)


• modifications of charm distribution function


➡ could use new functions to estimate


 prompt neutrino contribution
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(pseudo) rapidity

transversal 
momentum

particle flow

energy flow

atmospheric neutrinos 
hadronic interaction models
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heavy particles decay in this region

product of 
valence quark 
interactions
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• models tuned only to about 10%


• forward detectors are crucial for CRs & astrophysics
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• nuclear effect are important but are 
uncertain


• pO, pC, pN data would be important 
for CRs and astrophysics
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and diffuse fluxes

Fermi Bubble
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galactic plane
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