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Development of a model for calculating galactic cosmic-ray spectra in the atmosphere
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Estimation of cosmic-ray induced ionization in the atmosphere is of great important for a quantitative study of the space
weather influence upon the earth’s environment. We have therefore calculated the terrestrial cosmic-ray spectra by performin
Monte Carlo simulation of cosmic-ray propagation in the atmosphere using the PHITS code. The accuracy of the simulation wa
well verified by experimental data taken under various conditions, even near sea level.

Based on a comprehensive analysis of the simulation results, we proposed an analytical model for estimating the cosmic-re
spectra of neutrons, protons, He ions, muons, electrons, positrons and photons applicable to any location in the atmosphere
altitudes below 20 km [1,2]. Our model, named PARMA, enables us to calculate the cosmic-ray induced ionization in the atmo-
sphere instantaneously with precision equivalent to that of the Monte Carlo simulation that requires much computational time
It is evident from the figure that PARMA can reproduce the experimental data very well. For the practical use of PARMA, we
developed software named EXPACS-V [3], which can calculate and visualize the cosmic-ray exposure-dose rates on the map
Google Earth. A sample picture of the software is shown in the figure below.

The details of the features of PARMA will be presented at the meeting, together with the description of some potential appli-
cations of the model to the space weather and climate researches.

0000000000000 bLOooUobOOooobOoooo
goboboooboooooooooobooobboobbobDbooUob bbb boOoooo
goooooobbobbooooooooobbobbbodooooob b bbb ob oo
goooooooooobooooooboooob bbb Do oObbOuoooOooo
goooooooooooobobooooobbb oo bbb oo bbuoooa

00000000000o0ooo000oooooo PHITSOODOODODOOOODOOO JENDL-High Energy File]
ooobobooooooobboooooobobooobb0ooob0 bbb 000D D0ODp O 0ODbDOOO
0000000000000 00D00o000000000000o0O0000D0O00OOdadvertical cut-off rigidi O O O
O0OOForceFieldPotenti@l D0 0000000000000 O0O0O 20kcmO 000000000 OO0DOOOOOOOO
000200000000000000000000 PARMAOODOO [,2[000000000000000000
ooooboooooooboooooboboooooooDbOo00ooooD b0 b LoD Ooooooo

O0DOPARMAODODOOODOOOOOODODOODOOODODOODOODOOOOODOODOODOOOOODOODOODOOd
O0000000000GoogleEart 000 000000000000 EXPACS-VEBIOUOOOOWebOOOOOOO
0000000000000 0000000 12kmi0000000000000OO0O0O0OOO0O0O0OO0OOOO0OOOOOO0
gooooooooobooooon

O0OODOOPARMADOOOODOOODDOOODOOODDODOODOOODOOODOOOODOODOOOODOOO PARMADO
ooooobobooooooo

[1] T. Sato and K. Niita, Analytical functions to predict cosmic-ray neutron spectra in the atmosphere, Radiat. Res. 166,
544-555 (2006)

[2] T. Sato et al., Development of PARMA: PHITS based Analytical Radiation Model in the Atmosphere, Radiat. Res. in press

[3] http://www.jaea.go.jp/04/nsed/ers/radiation/rpro/EXPACS/expacs.html



LR
s O

Aide: | Fond At | #1200 (Roam )
(Snimation ]

W1 4 adintion type
Non

Date | 1]/ 1/ 2w #
Mop resolation: Ao /pixal # O

Colulated dose rate: 58] rSvh | #

Siwowe




