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Plan of talk

1. Overview of the calculation of atmospheric neutron flux

* Primary flux of cosmic rays
¢ Interaction model

e Calculation scheme
* Atmosphere model

* Geomagnetic field and rigidity cutoff
* Solar modulations

2. Study of interaction model with muon flux

* x-base or rapidity base ?
* Comparison with observed muon data



Primary Cosmic Ray Fluxes




E,-dI/dE, [m “sec sr GeV' "]

Primary Cosmic Ray Data

1S normalized to low energy (ANIS-UI/BESS/C?IPI’ICE) data

MASS91 Grigorov| i | m BESS98
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Power index
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® RUNJOB (this work)
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* Primary proton flux observed by AMS and BESS agrees
each other within the error of 5% below 100 GeV

* He spectrum still has the large scatters. (We use high model)



Interaction Model
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It 1s difficult to discriminate the interaction model with

accelerator data.
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Test of Interaction Model at Balloon Altitude




Comparison in [Flux/depth]
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DPMIJET-III show the best agreement



Calculation Scheme  (Re = 6378km)
Rigidity Cutoft test

Escape Sphere
=

R=10 X Re

Simulation in Atmosphere




Size of Simulation Sphere

V - Production time spectra (integral, Aorbitrary)

Neutrino production time
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V- Production time spectra (integral, Aorbitraryr
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The particle produced within 0.02 sec 1s free
from the boundary at Re + 3000km



Si1ze of the virtual detector

(Re = 6378km)

ation 1n Atmosphere




vo5/v10

Comparison of the results between V10 and V05

All direction average
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The results of V10 seems good enough, but now we
have the results with smaller virtual detector V05




Atmosphere




Model for Atmosphere

Model (1976)
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Comparison with newer atmosphere model
based on the observation (MSISE90)
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MSISE90/US-standard

1.2

Atmosphere : Seasonal variation

0 20. 40. 60. 80. 100

Height (Km)

US-standard may be used as the global
approximation of the atmosphere
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Muon flux and Calculation conditions
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The Meteorological Data, continued to MSISE90 for higher altitude,

1s used as the atmosphere model.

These calculation condition is the source of the systematic
error for the calculation of atmospheric neutrino flux !
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Neutrino fluxes : All-direction average
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Both almost agree each other
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Zenith angle dependence
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Large horizontal enhancement at low energy in 3D
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High Energy Neutrino Fluxes
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Zenith Angle dependence at High Energy

Weighted Flux integral (1 5) (m~2sec 'sr ' GeV 2)
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Mesons' phase space 1n the hadronic interaction
relevant to fixed momentum muons and neutrinos at
ground level.

Muons
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Summary of x-based Accelerator data
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dN/deta

Comparison of Interaction model in pseudrapidity

Data: Silicon Calorimter data (Harr et al. PL B366 (1996) 434)

Harr etal Si1 data at 630GeV vs Models
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Rapidity vs Feynmanx(=——

x vs Rapidity x vs Pseudrapidity
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Balloon

Muon Observations

Altitude
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Muon Observations Data
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Data/Calculation

Comparison of Muon Flux Calculated in HKKMO04
and Observed Data.

The differences are ~5% in absolute value for 1 ~ 30 GeV/c,
and ~ 5% 1n charge ratio for all momentums.
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The difference of the absolute value increases at high

energies, as ~(P/10GeV)
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Ey  dI/dE, [m “sec 'sr GeV "]

Primary flux ?

.....1s solved in favour of RUNJOBif ATIC

is normalized to low energy (AMS-
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It 1s difficult to explain the
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Proton
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flux only.

Change of power index
from -2.71 to -2.66 above
100 GeV
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Modification of the interaction model
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Log(x)

0. Base 1s the inclusive DPMIJET-III.

1. The average energy of secondary mesons
which have the same valence quark as the
projectile are modified by the change of

the x-distribution shape. (x,=E,/E )

2. Conserve the multiplicity of secondary
particles.

3. Nucleons are the counter-balance for
the energy conservation.

4. Iso-symmetry (symmetry under u <» d
exchange) is retained.



The Contribution of Kaons 1s Largely Different
for Muons and Neutrinos at High Energies.
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Quark Based modification

For proton (uud) and neutron (udd) projectiles

+ —
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No variation for K



Parameter search using muon data

Magnitude of variation as the
parameter search (example) function of projectile energy
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Before and After the Interaction Modification (I)

Energy distribution
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Z-factor= Nx 17>

Before and After the Interaction Modification (1I)

Z-factor (ZENl.<x1‘7>)

Ek (GeV)

Modified interaction model
recover the scaling hypothesis.

1
10_ E r T |||||||| T ||IIIII| T |""'é
= + ]
T . oy -
o i S |
—-—._._______‘_____“_-_“_‘
10_2_— : - [.. -» L k-
K_,_n---
,-”- K_
10_3 |||||l ] I ] | | 5| : =
10

Z-factor= Nx 17>

Ek (GeV)



Data/Calculation
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Comparison of Modified Results with
the Observations
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The calculation and data agree well within 10 %
in 0.5 GeV/c ~1 TeV/c, and < 5% in 1~30GeV/c.



Data/Calculation

Muons at balloon altitude

Comparison of <Flux / depth> between calculation and observation
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Agreement 1s better in the original DPMJET-III,
but Modified one 1s not so bad !
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Comparison of Moditfied Neutrino Flux with HKKMO04

CEK
W

—_
W]

Modified / HKKM04

They agree within 5% below 10 GeV.
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Comparison with Neutrino data

Before the modification

After the modification
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Our assumption for Kaon 1s supported by the data !




Summary

* DPMIJET-III 1s good interaction model for

E, <10GeV/c (E, <100GeV)

proj

* However, 1t need to be modified to explain the
muon observations. (E ,,.,;=100GeV)

proj
* We need an assumption for Kaon production for the
calculation of the atmospheric neutrino flux.
A “proper” assumption make the neutrino flux largely

increased above 100 GeV, in agreement with the SK
observation.

* Feynman x-base analysis in Collider 1s preferable
at X ~ 0.1 for each particle.



Modulation by the Solar Activity

5000

S
o
o
o

Ny
; WM ik

Neutron Monitor Count (Climax)

3000 —
LEAP AMS A BESS
B o O vV O 000 00
MASS1 CAPRICE V
o000 L . | . 1 I [ [ I |.,].|

-14 -12 -10 -8 -8 -4 -2 0 2 4
Year -2000



Spectra Modulation Formula

Fp,HE(Ek-.-ﬁ‘T) — Fmod(j\’rﬁ T) : F;JI,HE(ER')
and

A+B-N

C+D-N+rﬁ)’

Fmﬂd(hrﬁ T) — B}{p(

where

N : Neutron Monitor counts

r = \/(Ek +mp)* —m2 (for proton)

1
n= \/(Ek + myp)? — m3 (for Helium)

-1
P-Flux ( m~2sec sr” GeV )
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Comparison with high precision muon observations

Data/Calculation

Data are larger by ~15%

Data are larger by ~0.05
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~15% scatter ?

DPMIJET-III Should be Modified
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Weighted Flux integral (1) (m 2sec 'si GeV)

High Energy neutrino fluxes
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Production Height (m)

Production Height : vertical directions
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Production Height : horizontal directions

Production Height (m)
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Azimuth angle dependence

Integrated V-Flux (m 2sec 'sr-1)
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Phase Space for Muons at Balloon Altitude

Rigidity cut at 3.2 GV Rigidity cut <1 GV
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The phase spaces for muons below 1 GeV/c are
well resolved for each momentum



Transverse Momentums

<pt> calculated with DPMIJET-III
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Scale height change by =10 %
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Kinematical consideration by Rapidity
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It 1s not a one-to-one relation



Experimental data for rapidity
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Rapidity vs Feynmanx(=——

X vs Rapidity

X vs Pseudrapidity
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Arbitrary

Rapidity dis

Rapidity vs Feynman x

tribution of pionat x =
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Rapidity distribution of K at x=0.
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Comparison of the results between V10 and V05
Azimuth variation at 0.3 GeV/c
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Comparison of the results between V10 and V05
Azimuth variation at 1 GeV/c
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mr/ K -ratio and Angular dependence of

Neutrino flux
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Overview

* Primary cosmic ray flux
Hamburg model

e Interaction model
DPMIJET-III

e Calculation scheme

* Atmosphere model
US-standard 76

* Geomagnetic Model
IGRF 2000 (2005)

e Solar modulationl
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Primary Cosmic Ray Fluxes
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* Primary proton flux observed by AMS and BESS agrees
each other within the error of 5% below 100 GeV

* He spectrum still has the large scatters



