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Section 1: Features of Atmospheric
neutrino fluxes



Neutrinos produced
from a shower

Primary cosmic ray:
proton or heavier
nucleus

Interacts in ~90g/cm?

Atmosphere depth
1050 g/cm?

Cascade

Most hadrons don’t
reach ground.
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_ Pions Interact
Vertical [ reach

Earth’s surface

Kaons Interact
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Summary of Atmospheric Neutrino Calculations
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Path length distributions

From Honda et. al. astro-ph/040445

Solid 3D at Kamioka, Dashed 1D at Kamioka, Dot 3D at Soudan

Production Height (m)

105_ 1 |||||||| 1 1 ||||||| 1 I T T TTTL
- 99%, 4
B —95%]
E 80%
= 50% -
20% |
4
107 5%
[ 1% |
103 |- —
C \'*"!.L * vlu f
[ D<cost<0.05 &
2 | |
"IO | L 1 LLLLl 1 1 1L LiLLL | 1 1 LILLL
107 10° 10 10

E, (GeV)

2

Production Height (m)

5
1{] I P T IIrn 1 I T Irrnn 1 I 1T irnl
: [ | z
C 999, ]
= e 050,
B 80%.
50% |
20%
10* i)
. 5% A
10° |- e
B "Iv"e + VE \ .
& 0<costH <0.05 &
2 I I
1{] 1 L1 LILL 1 L 1 LLLLl 1 1L 1 LLLL
107 10" 10] 102
E, (GeV)



ratio v/v
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Section 2: Systematics



Flux of primaries at top of atmosphere
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Residuals: Oldest

measurements
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Residuals: Newer
measurements
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(Data-Fit)/Fit
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Residuals: Newest
measurements
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(Data-Fit)/Fit
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Effect on
neutrino fluxes

This includes helium uncertainty shown on next slide
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Helium Fluxes
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Hadron production measurements

Population of hadron-
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Ratio

: MC comparison
Hadron production: Muon fluxes

(Sea level muon fluxes) x p
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Associative production
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Vertex TPCs

Future hadron-
production results

Main TPCs

Vertex
Magnets

HARP 3-15 GeV at CERN PS
MIPP 5-120 GeV at FNAL Ml
NA49 100,16_0 GeV at SPS
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Time of Flight
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EM shower detector
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Other effects:
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From: Favier, Kossakowski
and Vialle. A
PRD 68 093006 (2003)
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Conclusions

* Since early days of nucleon decay expts
and the atmospheric neutrino ‘anomaly’:

— Large increase in calculation sophistication
— Much improved primary fluxes
— Hadron production data still needed

e 3D effects now well understood.



