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Tau neutrinos
Energy loss and atmospheric flux
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Energy loss

•  produced in CC interaction:  [1] 

•  (neglecting energy loss) 

• Average energy loss heavy leptons:  

• a: Ionisation (Bethe-Bloch formula) 

• b(E): Stochastic  production (delta ray), brehmstrahlung and photonuclear 

• Brehmstrahlung suppressed by 

τ <Eτ> = 0.75<Eν>

lτ = yctτ ≈ 50 (Eτ /PeV) m

−<dE/dX> ≈ a + bE

e+e−

1/m2
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Energy loss

• Taken from [2] 

• ~ 20 TeV:  
photonuclear energy loss  electromagnetic loss 

• Higher energies: photonuclear energy loss 
becomes dominant

≈
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What do we use now?

• Jpp gets tau length from gSeaGen 

• Treats tau as MIP with delta rays 

• Brehmstrahlung negligible —> omitted 

• No photonuclear interactions yet 

• I guess: no shortening of tau length due to energy losses

Jpp

JSirene.cc JPDFToolkit.hh
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Atmospheric flux

• Oscillation from conventional  to   

• Peaked for upward due to longest path length Earth 

• Prompt neutrino flux from charm quark pairs  

• Isotropic

νe, νμ ντ
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Atmospheric flux

• Oscillation from conventional  to  

• ,  [1] 

• Matter effects not taken into account: would reduce oscillation further 

• Low flux, even low compared to prompt

νe, νμ ντ

L ≈ 104 km P(νμ → ντ) ≈ 10−3(Eν/TeV)−2
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Atmospheric flux

• Prompt neutrino flux from charm quark pairs [3]:  

•  

• of few percent 

•  (negligible)

pAir → Ds → τντ → ντντX

BR(Ds → τ)

pAir → b → cτντ → cντντX
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