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Gaisser Formula for  the illustration  (by T.K.Gaisser at Takayama, 1998)

 

Where

                      : Cosmic Ray Flux

 

                                                                                    : Geomagnetic field

                                                      :  Hadronic Interaction Model,

                                                         Air Profile, and   meson-muon  decay

                                                      :  Hadronic Interaction Model,

                                                         Air Profile, and   meson  decay

Φν=Φprimary⊗Rcut⊗Y ν

Rcut=Rcut(Rcr , latt. , long. ,θ ,ϕ)

Y ν=Yieldν(h ,θ)

Φμ=Φprimary⊗Rcut⊗Y μ

Φ primary

Yμ=Yieldμ(h ,θ)
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CR spectrum in wide range

Knee                 Ankle
1015-1016  eV          1018-1019 eV

Our target

From the talk of M.Shibata, this conf.



  

AMS-I



  

BESS



  

Flux Model  for Cosmic Ray Protons



  

Primary flux model for Cosmic Ray Heliums

High flux mode for He



  

Flux model for all chemical composition

 Ref: PRD70 043006 (2004)



  

Earth

Rigidity Cutoff and Geomagnetic Field (cartoon)

Can't Come In

Can Come In

Can Come In

Rigidity Cut Off

i



  

Rigidity Cutoff for 
vertical Cosmic rays

Horizontal component
 of geomagnetic field
(IGRF2000?)

Rigity Cutoff and Geomagnetic Field



  

Model for Aiar Profile

Air density comparison with MSISE90
 New air profile  models. also exit

US-starndard may be used as the 
global approximation of the 
atmosphere



  

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. DPMJETIII is good !

Seems not so good at low energy



  

However, when  compare with high precision muon measurements

Data are larger by ~15% Data are larger by ~0.05

Data are smaller by ~0.05

==> DPMJET-III Should be Modified

~15% scatter ?



  

Modification of  Int. Model  (SHKKM 2006)

<--- Modification parameter

Z-Factor



  

Comparison AFTER modification



  

JAM 
Interaction model



  

JAM + Modified DPMJET-II vs  Muons at the Balloon altitude

Good agreement ! Use DPMJET-III above 32 GeV
and JAM below 32 GeV



  

Possible Error in Atmospheric -flux for HKKMS06

  -observation error + Residual of reconstruction

K



air

Kaon production uncertainty

Mean free path (interaction crossection) uncertainty

Atmosphere density profule uncertainty

Error with JAM (HKKM2011)



  

Simulation Sphere (Rs = 10 x Re)3D-Calculation

Injection Sphere (Re +100lm)

Virtual Detector
All neutrinos path through
are recorded

Cosmic Rays are sampled 
and injected here

Re = 6378km
Cosmic ray go out this sphere are
discarded. 
Cosmic rays go beyond are pass the
rigidity cutoff test



  

cosz

0.32 GeV 3.2 GeV1 GeV

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



  



  



  

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

cosz

0.32 GeV 3.2 GeV1 GeV



  

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

cosz

0.32 GeV 3.2 GeV1 GeV



  



  

Recent compilation
E.S. Seo @ ICRC2009



  

Pamela



CREnergy (GeV)

Φ×(E /n)2.70(m2 s⋅sr)−1(GeV /n)1.70



Compiled
Cosmic Ray particle
Flux



Compiled
Cosmic Ray nucleon
Flux



Modified Z-factor  (SHKKM 2006)

<--- Modification parameter~





Tuning of Int. Model by atmospheric muons



Resulting Neutrino Flux (all  sum)

Muon Tuning works Well, however,



However, AMS is just Launched, 



  

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



  

Error due to  the large size
Virtual Detector
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In HKKM06
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Assume true flux value and average in the circle with radius 1 and 2  may be
 related as

Therefore the true value is calculated from 1 and 2

as;

In terms of the sampled number N1 in the circle < 1, and N2 in < 2, 
1 and 2 are given as
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Optimization of size correction for virtual detector



  

r=
2

1
Optimized               value, which minimize the stat. error

0

0

=F r⋅
1

1

r=0.5≈0.7071



  

 e e

Sum of averaged neutrino flux over all directions



  

Counter clockwise azimuth angles measured from South 

   e e

3.2 GeV

1 GeV

   e e

Azimuth variation at SK



  

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



  

Observed azimuth angle variation at Kamiokande



  
From Hayakawa “Cosmic Ray”

Muon bending



  

Modulation by the Solar Activity



  

BESS flight 
: Modulation function
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Compison with our primary flux model with
 recent observations.

It may be the time to re-construct the primary flux model



  

With expanded vertical axis



  

Geomagnetic field model :    Japanese Science Almanac 2000
                                                                  (Rikanennpyou 2000)

Latest is IGRF11 : http://www.ngdc.noaa.gov/IAGA/vmod/igrf.html 
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