Study of the Interaction Model
Using Atmospheric muons
for the calculation of Atmospheric Neutrino Flux
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Gaisser Formula for the 1llustration (by T.K.Gaisser at Takayama, 1998)

(I)V — (I)primary ® Rcut ® YV
(I)M — (I)primary ® Rcut ® YM
Where
() primary - COsmic Ray Flux
R cut— R Cut(R s latt. , long.,0, (I)) : Geomagnetic field
Y = Yieldv (h , @) : Hadronic Interaction Model,
Air Profile, and meson-muon decay
YpL =Yield . ( h , @) : Hadronic Interaction Model,

Air Profile, and meson decay



From the talk of M.Shibata, this conf.

CR spectrum 1n wide range
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BESS




Flux Model for Cosmic Ray Protons
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Primary flux model for Cosmic Ray Heliums

High flux mode for He
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Flux model for all chemical composition
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Rigidity Cutoff and Geomagnetic Field (cartoon) 1

Can Come In

Can't Come In
Can Come In

Rigidity Cut Off



Rigity Cutoft and Geomagnetic Field
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Model for Aiar Proftile
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BESS also observed
Atmospheric muons
at Balloon altitude
and

Ground.




Selection of Interaction Model

The muon flux at Balloon Altitude is good test bench
of the Interaction model. DPMJET-III is good !
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Seems not so good at low energy



Data/Calculation

However, when compare with high precision muon measurements

Data are larger by ~0.05

Data are larger by ~15%
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==> DPMIJET-III Should be Moditied
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Modification of Int. Model (SHKKM 2006)
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Data/Calculation
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JAM
Interaction model

do/dp d2 [mb/(GeV/c sr)]
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JAM + Modified DPMIJET-II vs Muons at the Balloon altitude
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Possible Error in Atmospheric V-flux for HKKMS06
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Error with JAM (HKKM?2011)
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i -observation error + Residual of reconstruction
Kaon production uncertainty
Mean free path (interaction crossection) uncertainty

Atmosphere density profule uncertainty



3D-Calculation

Simulation Sphere (Rs =N x Re)
Cosmic ray go out this spherdare
Re = 6378km discarded.

Cosmic rays go beyond are pass
rigidity cutoff test

Injection Sphere (Re +100Im

Cosmic Rays are sampled
and 1njected here

Virtual Detector

All neutrinos path through
are recorded
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0 (m2s”5r GeV')

[ o5

Zenith angle variation of neutrino fluxes averaged over
all azimuth angles at SNO

0.32 GeV 1 GeV
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Zenith angle variation of neutrino fluxes averaged over
all azimuth angles at INO
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CREAM Flight Data: Trajectory
Covering period from: 2004-12-15 23:22:56 to 2005-01-27 02:00:31

Current Speed: 17.2 knots
Current Course: 128.1* : Current Altity
Current Lat: -71%177°3.727 Current MET: 41 days 21 hrs 31 mins 30.7
Current Lon: 1577527547 Current Time: 2005
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Pamela
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Compiled
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Modified Z-factor (SHKKM 2006)
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Tuning of Int. Model by atmospheric muons
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Resulting Neutrino Flux (all v sum)
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Muon Tuning works Well, however,



However, AMS is just Launched,

S

Photographed from a STA -«'
(Shuttle Tralnlng Alrcraft) |



Summary

*Whe have studied the hadronic interaction model usable in the calculation
of the atmospheric neutrino flux

using the primary flux model based on on AMS and BESS,

and atmospheric muons observed by BESS and others.
*The procedure is repeated for Atic, Cream, and Pamela observations,

and worked weill, and resulting neutrino flux is with former ones.
However, there are still large uncertainty in the primary flux above 100 GeV,

and we should wait for AMS-II results.

*Go beyond 100 GeV with accuracy, we also need the information of

KAON-productions. Please measure it accurately.



Back up
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Error due to the large size
Virtual Detector

In HKKMO06
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Optimization of size correction for virtual detector

Assume true flux value and average in the circle with radius 01 and 02 may be
related as
2

b=y T 0]
by = by 0,

Therefore the true value is calculated from @1 and ()2
as;

_9?(1)2—93(])1_4)2—7‘2(1)1 o e2
0°— 0’ e
— —r
1 9

0

In terms of the sampled number N1 in the circle O < 01, and N2 in 0 < 02,
®1 and @2 are given as
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Sum of averaged neutrino flux over all directions
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Zenith (degree)

Rigidity cutoff contour map from SK
(NOT useful in 3D calculation)
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number of events

Observed azimuth angle variation at Kamiokande
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Muon bending

10 ~ 30 GeV

30 ~100 GeV
3.5 180° 270°  AZIMUTH

Fig. 427 Azimuth dependence of the positive excess of muons at zenith angle 78°
at sea level. The energy intervals of sea-level muons are indicated (Kamiya 62).

From Hayakawa “Cosmic Ray”



Modulation by the Solar Activity
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NM count at Climax
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Compison with our primary flux model with
recent observations.
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Geomagnetic field model :  Japanese Science Almanac 2000
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