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Calculation of incident cosmic-ray spectra on earth

CREME96, NASA model OMERE

Atmospheric propagation simulation of cosmic-ray
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PHITS
- Features of the PHITS Code -
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History of PHITS development
1951 1983 1997 2001 2003
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< 200 GeV

Physics in PHITS
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http://space.jaxa.jp/jda/p4_download_j.php?mode=search&f_id=1758
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- Example of PHITS Calculation -

Shielding Calculation of J-PARC Project
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US Standard 31976
N, O, Ar (Ca), H, 28

CREME96
US-Standard Air 1976




( JENDL JENDL/HE
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- Results of the Simulation -
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Calculated neutron spectra in the atmosphere in comparison with experimental data
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,,7'/ 10_4 T ) T i
: 150 MeV neutron on O target
. Acceptance angle = 45 deg |
> Neutron
e- 2 T e
L)
S
510° .
(]
7))
n e
o Proton * 0.1 |
SR |
 — JENDL/HE
- INC model in PHITS
—8 N 1 N 1 "
105 50 100 150
Secondary Particle Energy (MeV)
150MeV 2

Secondary particle spectra produced by n(150MeV)+0O reaction

. This discrepancy causes the overestimation of the cosmic-ray neutron spectra
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- Summary of Atmospheric Propagation Simulation of Cosmic-Ray -
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Cosmic-Ray Neutron Spectrum
PHITS JENDL/HE
»
Simulation employing PHITS coupled with JENDL/HE can
reproduce experimental data
f

JENDL/HE

Atmospheric cosmic-ray propagation simulation  Shielding design of accelerator facility
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- Development of the Analytical Model -

Cosmic-ray neutron spectra depend on ...

. (Altitude) * 10000m 100

. (Cut-off rigidity) 3
. (SMP) 30
. (Local geometry) 50%

-

Analytical function to reproduce MC results

a.d
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*

T.Sato et al. Radiat. Res. 166, 544 (2006) ,,



- Results of the Analytical Model -
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EXPACS
- Development of EXPACS -
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EXPACS

. COR 4GV
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(LANL)
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Neutron Dose Rates in Various Locations

Location |(Altitude) Detector Exp. (uSv/h) | Cal.(uSv/h)
Los Alamos (2200m) DARWIN 0.058 0.052
Tokai-mura 10m DARWIN 0.0077 0.0065
*Mt. Fuji (40m) Bonner Ball 0.0064 0.0055
*Mt. Fuji (2600m) Bonner Ball 0.034 0.034
Air@Nagoya(20500ft) | Rem-Counter 0.24** 0.23
Air@Nagoya(28500ft) | Rem-Counter 0.45** 0.48

*Kowatari et al.
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- Summary -

Atmospheric Propagation Simulation of Cosmic-Rays

PHITS JENDL/HE

Simulation employing PHITS coupled with JENDL/HE can
reproduce experimental data for cosmic-ray neutron spectra

Analytical Model for Estimating Cosmic-Ray Neutron Spectra

Develop an analytical model that can predict neutron
spectra precisely in comparison with former models

v
EXPACS

10%

Develop EXPACS, which can estimate cosmic-ray neutron
dose at anywhere in the world within 10% accuracy
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Incorporation of pion-production channel is strongly requested 20



- Future Plans (ll) -
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used in voluntary action for managing aircrew dose

Application to other planets
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Martian Surface

Apply the simulation technique to planet science



