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COSMOS Air Shower MC Tool

COSMOS Top

Users' Guide

| cosmos Top

What is COSMOS

Sample Codes

Platform

Doxygen

COSMOS X2 F

e http://cosmos.icrr.u-tokyo.ac.jp/COSMOSweb/

Download

Documents

Installation

Now brand-new version of COSMOS,COSMOS X, Is available.Enjoy It. Your feedbacks are welcome.

For old COSMOS version <=8, please go to the original page.

Welcome to COSMOS, a cosmic-ray air shower MC simulataion code

COSMOS is...

COSMOS News

COSMOS X Manual

COSMOS X development team

November 18, 2021
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COSMOS XD 4§FEx

Proceedings paper : PoS(ICRC2023)294

Development of a general purpose air shower simulation tool COSMOS X
T. Sako,* T. Fujii,>c K. Kasahara,® H. Menjo,¢ N. Sakaki, / A. Taketa," Y. Tameda! for the COSMOS X development team

Institute for Cosmic Ray Research, the University of Tokyo, ® Hakubi Center for Advanced Research, Kyoto University, ¢ Graduate School of Science, Kyoto University, ¢ Faculty of Systems Engineering and Science, Shibaura Institute of Technology, ®Institute for Space-Earth Environmental
Research, Nagoya University, / Computational Astrophysics Laboratory, RIKEN, 9Graduate School of Science, Osaka City University, "Earthquake Research Institute, University of Tokyo, ! Osaka Electro-Communication University, Department of Engineering Science

400 GeV photon

COSMOS system function

cosmos/cmain.f
Manager/cmanager.f

/

User code and input files (FirstKiss as an example)

standard

cosmosLinuxGfort

input
(executable)

5

Manager/cbeginRun.f

| Manager/ceventLoop.f |

Tracking/ctracking.f

Tracking/cobservation.f

chook.f

Tracking/cinteraction.f

User hook functions
subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent
subroutine chookEnRun
subroutine chookTrace
subroutine chookEInt
subroutine chookGlInt
subroutine chookNEPInt

param MC condition parameters
ASDepthList = 3000, 4000.0 6000.0

10000.0 .0.0.0

ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
Azimuth = (0.0,360.0),

BaseTime = 10.0,

Cont=F,

ContFile=""

CosZenith = (0.9, 0.9)

CutOffFile="",

Ddelta = 5.00,

PrimaryFiIe

L[

primary

'iso 12 6' 'GeV' 'KE/n''d" 0 /
100 1.
0. 0.

Primary particle setting

e TEAFERLEZESEY YT/ -T2l —2 32— ILCOSMOSE SR T 2L —> 3
Y — JLEPICSZ — (M L7z T aL—> 3>y —Ib
o HERAKRLITTERLS, £ K, O o U — bR EDYE, HEKUANADE TOFEN AR,

MEDWIERDERRTH D Z &,
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Extra-Terrestrial Air showers |?
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5.4

T. Linden et al., PRL 121, 131113 (2018)

* Fermi/LAT observation
* GCR + solar atmosphere

A.Abdo et al., ApJ, 734:116 (10pp), 2011
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HAWC Collaboration, Phys. Rev. Lett. 131, 051201 (2023)
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D. Seckel, T. Stanev and T.K.Gaisser, ApJ, 382:652-666 (1991)
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. magnetic field ignored

Galactic background at b=30°.~“~._‘

og dN,/dE, (cm™® s™' MeV™)
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difference of 2ry 2 ‘ s 2 25 3 35 4
. . Log E, (MeV
trajectory modeling g & (V)

. 7—Differential photon flux at Earth for different assumptions about
cosmic-ray propagation. Weighting of the curves is the same as in Fig. 4: bold
for naive, light for nominal. In each pair of curves the upper curve shows the
y-ray albedo assuming charged particle trajectories for the cascade develop-
ment, and the lower curve shows the result for neutral particle trajectories. The
dotted curve shows the Galactic background for a disk the size of the Sun.
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COSMOQOS User Interface

/ User code and input files (FirstKiss as an example) N

standard

P cosmosLinuxGfort input param MC condition parameters
. ASDepthList = 3000, 4000.0 6000.0

COSMOS system functlong (executable) < R0 £ 03
ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
A link Azimuth = (0.0,360.0),

I BaseTime = 10.0,
Cont=F,
chook.f User hook functions || ContFile="'

. CosZenith = (0.9, 0.9)
Manager/cbeginRun.f subroutine chookBgRun CutOffFile ="' "

subroutine chookBgEvent || Ddefta=5.00,

subroutine chookObs Prim.aryFiIe
: N\

cosmos/cmain.f

Manager/cmanager.f

Manager/ceventLoop.f

Tracking/ctracking.f subroutine chookEnEvent
_ : C subroutine chookEnRun 7
Tracking/cobservation.f subroutine chookTrace -
Tracking/cinteraction.f subroutine chookEInt primary
\_ subroutine chookGInt iso 1(2)06' 'GeV'l. e wf w4
subroutine chookNEPInt 0. 0.

Primary particle setting

17



COSMOQOS User Interface

/ User code and input files (FirstKiss as an example) N

standard
cosmosLinuxGfort input | param MC condition parameters

4 o
COSMOS system fu nctiong (executable) < ASDepthlList = 3000, 4000.0 6000.0

10000.0 .0.0.0

ASHeightlList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
A link Azimuth = (0.0,360.0),

BaseTime = 10.0,

Manager/cmanager.f Cont=F,

chook.f User hook functions | ContFile="'
. CosZenith = (0.9, 0.9)
subroutine chookBgRun CutOffFile ="',

— @l subroutine chookBgEvent || Ddefta=5.00,

subroutine chookObs Prim.aryFiIe
: N\

subroutine chookEnRun ]

cosmos/cmain.f

Manager/cbeginRun.f

Manager/ceventLoop.f

Tracking/ctracking.f

Tracking/cobservation.

Tracking/cinteraction.f = Rrimaryl o o
N Al subroutine chookGlnt SO E—Garl—KE/n' 'd" 0 /
! subroutine chookNEPI 27T Dtrack (BE))IC
7 U AAJHE _
| mrrrrreey-poreicle setting

18



frame

_T=003330

\».

\

N

sokkskskokokkskskokokskskokokokskskokokkskokokkskkokkkkk hook for trace 200001

|

! * This is called only when trace > 60 18000

! * User should manage the trace information here. g,

! * If you use this, you may need some output for tri,m, #
! * at the beginning of 1 event generatio and at the,,,

! * generation so that you can identfy each event.

I * 8000+

! *

. 6000
subroutine chookTrace

#include "ZmedialLoft.h"

#include "Ztrack.h" 12000
#include "Ztrackp.h"
#include "Ztrackv.h"
#include "Zobs.h"
#include "Zobsv.h"

type(coord)::f
type(coord)::t

call ccoordForTr( 25, f, t)

! t is in meter.
tstep = 100 ! timing step in nsec
iusbf = TrackBefMove%t/0.3/tstep
iusmv = MovedTrack%t/0.3/tstep
energy = MovedTrack%p%fm%p(4)

if ( (iusbf .ne. iusmv) .and. (energy .gt. ©0.01) ) then
write(TraceDev, '(2i7, 3i4, fl10.1, 3f12.1, 2f10.1)')

* iusbf, iusmv,
* TrackBefMove%p%code, TrackBefMove%p%subcode,
* TrackBefMove%p%charge,
* energy,
* f%r(1), f%r(2), f%r(3),
* TrackBefMove%t, MovedTrack%t
endif
end Animation:

Entries

0
Mean x [
Meany [
Std Dev x ]

]

Std Dev y

T=003420

12000

frame

.
\

N Mean x
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Std Dev x

Entries
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o o o o o
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“Radiography using cosmic-ray electromagnetic showers and its application in hydrology,” A. Taketa, R.
Nishiyama, K. Yamamoto & M. Iguchi, Scientific reports (2022) 12:20395

-
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COSMOS X3 neutrino interaction model|3 3
HE LT
— & B9 7 generator (GENIE, NuWRO, NEUT,
Herwig...) DE A & &3]

=> NEUT & 2R DR 5T F 1A

Stepl : NEUTTETE L 7= FEF %
COSMOS X TEE Dvertex|Z AHT
A : NEUTTCETE L 7zinteraction (CCDIS)
% COSMOS X KA TIB IR

Step2 (IF3E) : NEUT & COSMOS X% JE1#

v,(30GeV) + 0 — u(10GeV) + X
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‘primary’ file

Primary definition e

1.
0.2 1.
.3 1.
.4 1.
. .5 1.
> .6 1.
© .8 1.
10° 1.5 1.
2. 1
3. .
4.
10.
20. .
100. 2
0
"He  ’ GeV’
.1 .
107 2 1.
- .4 1.
B .6 1.
n .8 1.
- |— proton L !
: . 5. 0
— Helium 0.0
10— 100. 2
~ CNO 0
- "CNO”  GeV’
B .1
» 1 1 llllll[ 1 1 lll[lll 2
10 1 Ekin/nucleon183eV/n) : g
.8
1.
] ] 1.3
Of course, mono energy, simple power law are simpler 421'0
6.
10.
20.
0

"KE/n’

NO‘IOO@S@\]O‘IN

O = 0100
Do (@]
O

=
3]
~.
:\0

b d,

o
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I\/Iuography

(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara Geophys J.

(2016) 206)
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Muography

(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara, Geophys. J. Int

(2016) 206)
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by K.Ohashi (LHCf, Nagoya)

* 1stinteraction category and <X, .,>
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