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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(ICRC2021)431
COSMOS X as a general purpose air shower simulation tool

T. Sako,* T. Fujii,>¢ K. Kasahara,? H. Menjo,® N. Sakaki, / N. Sakurai,9 A. Taketa," Y. Tameda‘ for the COSMOS X development team

Institute for Cosmic Ray Research, the University of Tokyo, b 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, I 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
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COSMOS XD Jix

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

-

Primary Costic Rays

(H, He, ...) EM showers

Hadronic Shower

Electromagnetic
Shower Neutrinos
CH1

we ;
Electronics

Photomultiplier Tubes  Plastic Scintillator . ¥ High voltage
(100 cm x 20 cm x 2 cm) P supply

(arb. unit)
@3 (a) 2 — : : : : : : (b) 0 0.2 0.4 0.6 0.8
LAY Ut .0.0 \ E (EObsegatior; ° t + + + +
cosmi e it (Exp + Const) — — —
Ic rays % p “ra,, \& MC Simulation (scaled by data) O d7t=h 1F(;°:r;
d o
(2) sample seco Mo
nda co - N\ .
rays at Rieosmic i e 30 cm
o 4 ~N - o)
= Te__ @
I —~—
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5 1k 7th Floor o. |
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@ a3
0.5 [ —_&_—8_“8___"“ 30cm
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50 cm
0 Il 1 ! 1 1 1 Il
0 10 20 30 40 50 60 BEMevents @Muon-induced events B Other events

d: Water Level (cm)

« ZRFEHE [BHIAD] ORIXTLEFRKDEZBITET 5 cosmic electromagnetic
partlcle (CEMP) radlography 7z 12hg
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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




AN E T F X B

ICRR-REPORT-703-2022-2

2015 F DiEFzR = 7 F X ME

ICRR Report& L THikR - B2

FHIGEUHP [FERER - EE| H %mfﬁ$§fgﬁfm§:;?mﬁﬁ
> PDF DLF]

FIRIRD DY F4, FLEHIZZ
b R - AW

(i F—ERVEF (1961) OEOZ L)

il o 01
IKAIFELRE, TEEESE, i i iinr I
B, FEEHMLEECIIOE. R/ R
E HRRIChE>TZHIOWEEEE
L= BYAES TSNET,

RRAXFFEHRMEM 202251148




COSMOS#EE = &
EARMZERY v T —EHIC
FHRDERIERMES

e 2022E3H22-23H A7 U v NEE
* https://indico.cern.ch/event/1118785/

BAR ZRY v 7—HAK L 3FEHROERRRULER

22 Mar 2022, 10:00 — 23 Mar 2022, 19:05 Asia/Tokyo

9 TBD
Description
AREEE RAAFARE Kneefllis L UBB I XX — AR TOFHBRIEORBNFRN, & HLLWFERRE v7 ]
YOA—-F R O—RELTHFERBLTVET, I0FORIARTHERTRB D FTH KIhIARKZDZEWSHHTNA TV FERT
EREFELTVWEY, FLSEEISEEMBFTLRFHFARBRECEELTCA TV TEELEVERBVET,
FEERHMFERERALAYCLT2EM (1 B8 £F ¢ v, 288 &ty Yay) THEFETY, HEFtyPavoFihicEs
Iy T—23al—3»0—FCOSMOSOMELEABRETHERT S LEEFELTVETY,
SEOMBRED Y VA T@BTRAADR SV IV a Vil ELTZhETA—HALIEREOMENBD XY,
ZOOMERS :
(188) https://u-tokyo-ac-jp.zoom.us/j/83030694514?pwd=SWFVWUIBLOsxRkdmRS9kOHFuWXpSdz09
(2618) https:/fus02web.zoom.us/j/86112086502?pwd=ZEVNd2V3RUx3QkSicnpMUjVgenJYUT09
BEOMBEDY VD
2017% ®|1E
2018%
2019%
20214
28 ATV v b+ (FERFRA+Z00M)
HEWEOREBADI S, ENMFRESAVLET, )
Registration

& Participants # Register

Participants u Akimichi Taketa n Daisuke lkeda u Eiji Kido ﬂ Fugo Yoshida n Hashiyama Kazuaki Heungsu Shin

u Hideaki Katagiri u Hidetoshi Otono n Hiroaki Menjo n Hiroyuki Sagawa Hyuga Abe

n Kaoru Takahashi u Katsuaki Asano u katsuaki kasahara Kazuho Kayama u Kazumasa Kawata

Kazuoki Munakata u Keitaro Fujita Ken Ohashi n Kenta Terauchi u Koji Noda u Kozo Fujisue

u Masahiro TAKEDA n Masaki Fukushima n Michiko Ohishi u Moe Kondo n Naoto Sakaki n Nishio Eiji

u Nobuhiro Shimizu n Ohira Yutaka u Reiko Orito ﬂ Ryo Higuchi n Ryuji Takeishi a Saito Ryosuke
satoko osone a shigeharu UDO n Shingo Ogio u Shoichi Shibata u Shunsuke Sakurai Takashi Sako

. Takayuki Saito - Tatsumi Koi Tatsuo Yoshida Teruyoshi Kawashima Tomohiko Oka

- Tomohiro Inada Toshihiro Fujii - Toshiyuki Nonaka Yoshiki Ohtani n Yoshitaka ftow

. Yuichiro Tameda . Yuki Nakamura Yukiho Kobayashi ERF HE n TNEE 8 u FHRES

Beves B »un=

Contact = menof

agoya-u.ac.jp




10:00 SRFA]

Ry -+ 18:35

COSMOSHEER
Convener: Takashl Sako (Unive:

sity of Tokyo (JI

[Q cosmos_guidance...

COSMOS:

EFtyvyav:YEFR Q

L EE ]

Speaker: Hiroak! Menjo (

[8 20220322 _sirshow...

) HF&.
=Fty g

Search for UHECR sources considering the deflection by the galactic magnetic field

IRBEROFRFREOXmaxFHANOEE
Speaker: Ken Ohas| (ISt

Nagoya Univ

B AirShowerWorksho...

Speaker: Ryo Higuchl (ICRR)

[ 202203Airshower_

BHRRRPHBIL S SRANBLANF—ORRAREONE
Speaker: Tomohlko Oka (Kyoto Univ.)

[ Assth_2022 HB9S..

ALPACAXMBABFREVOIIFIv I LY IDOLR

Speaker: Teruyoshl Kawashima (ICRR

[3 AirshowerWorksho..

Break

FAY MNERY T T—F L1 ERWBRI XN F— 1> T RRAORIT EREE
Speaker: 8% N0EE (CrRR

[3 slides_katosei.pdf

BRIFXNF—FHERONBENRAERRCOELHRHROANL D

Speaker: Ryosuke Salto (Shinshu Univ)

[ 220322Airshower...

T4 AOBMBRYC ST SFHROBFERR

Speaker: Masamune Matsuda (Kyoto University

[ matsuda_2022032.

IACTIC& BT YR/ (—A b ORBFHR
Speaker: Kenta Terauchl (Kyoto University,

[3 airshower2022 ter...

Break

BREIXF-FHRESBERERRELO BH - HE-BERKORR
Speaker: Kaoru Takahashl (ICRR

[8 Assth 20220322 ¢

§F E—L%R W CLHCT-ATLAS ZDCS FAE 1 REFFE
Speaker: Moe Kondo (ISEE, Nagoya Univ.

(8 AirShower2022 Ko_.

RERBANEAIRBOLO OB 7 1 v MCLBFHBER Y v 7—BMEFEONR

Speaker: Eljl NIshlo (Osaka EC Univ.)

B AirShowerStudyGr...

FOOIHDEMEBREBVWICFERENY v 7-BT FEOMR
Speaker: ¥ 3 £

[8 AirshowerWorksho_

B 08 08 8 098 8 B B B8 8 8 B B B

ONLINE

Q@sm

20m

®20m

©20m

@ 15m

©20m

©20m

©®20m

@ 15m

®©20m

©20m

©30m

q

+13:00

Xl -~ 1200 ¥=F7tv¥3v:2BBFN

LR
Speaker: Hiroaki Meno (Nagoya University (JP))

BARATHAEETRAFEROES

Speaker: Yutaka Ohlra (University of Tokyo)

[} As2022_OhiraYuta..

TA+TALE TEZBSRARNN I I3
Speaker: Keltaro Fulita (1

[ 220323AirShowerT..

FAY MRBRICE S sub-PeV IS TO /> VIRA
Speaker. %% 515 (CRR

[ Tibet_SAKO.pdf

ALPACARRA & {RFHE

Speaker: Kazumasa Kawata (ICRR)

{8 MegaALPACA Proj..

N
N
A ]

R 1905 YZFtEyYav:2HEFR

[ 1400 |

ol
=

=

IceCubeX#
Speaker: Nobuhiro Shimizu (% X

[8 Airshower_worksh_

IACTIC & B Y RIBN EFEHRINE
Speaker: Takayukl Salto (ICRR)

(8 1ACT-Saito.pdf

B ENFEF H MEMGRAPES-3ICDWT
Speaker: Tatsuml Kol (C

[8 k0120220323 pdf

XBMBEBWEYC7 07 T~ —SS433Ic KT SR FIMEOFHK
Speaker: Kazuho Kayama («

[ AirshowerWorksho_

Break

Status of sSFLASH - Mq of air fl
Speaker: Masakl Fukushima (ICRR

yield from EM shower

LHCT/RHICHIC & B b T ¥ T2 3 Y IR F—REOEEEBTHR
Speaker: Hiroaki Menjo (ISEE, Nagoya Uniy

[ 20220323 AirSho..

FASERNUELHCTD = 1— k) / WEOTRESZ
Speaker: Tomohiro Inada (Tsinghua University (CN), CERN, ICRF

[8 2022airshower_in,.

Discussion

10

9 ONLINE

Q@5m

©30m

©30m

©30m

©30m

©30m

®30m

®©30m

© 20m

®30m

®30m

®30m

®30m




COSMOSsEE = &
FNmlZER Y v T —&HIC KB
FHROERRRMRR

202353 827-29H (Q9HDEEE) Bt et o ity

\\ > RN [ 27 Mar 2023, 13:00 — 29 Mar 2023, 16:00 Asia/Tokyo
@IQ—IE)::IIK:j($+/\/r7U “/ I\ Q9 TBD
(ICRC2023=35 Y /N—H L)

https://indico.cern.ch/event/1244851/

248 \ATUy b (BEEXZ+ZOOM)
« 188 (27B) :Esti6f
e 2HA8 (288) §HN
e 3HH (298, COSMOSHEE

(FBEWRORBOES., SNFRELSBEVLET, )

Registration 5 (oo ocmmasmes
& WRAEEMER _ Register
Participants u Eiji Kido u Hiroaki Menjo u Hitoshi Oshima u Hottanaoki [ Kaoru Takahashi n katsuaki kasahara b

Contact & menjo@isee.nagoya-u.ac.jp

11


https://indico.cern.ch/event/1244851/

e« COSMOS XD RFEFH =18 L 7-

Fall'd

Qu

L — 3 > ORFZE & ks

o HERIE A D L BT
e —a— M/ KRIGDEA

—1T

e COSMOSEEE=. B> v 7 —

F. 7IIL— TR E HEIE

Ho A= >

TR —v o

AMTEEIZL DT F X M%ZICRRreport & L THIT

— sz B L5

=X
< 3]

10y

EHUNES TEVET,

Er1—Y—-—DITREW, ZEER

%%0)7_-_7‘::6 2‘5 %\‘o




13



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

14



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

15



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

\ Meany

Std Dev x

Entries

Std Devy

o o o o o

10
14000 1404200 16000

14000
12000
10000
8000
6000
4000+
2000

14000

12000
10000

ok

T=003690
AN
AN

N

N

8000
6000

4000
2000 P 0

2000 MtV 10058°
-4000 140lR°%°

http://cosmos.icrr.u-tokyo.ac.jp/Misc/proton_10TeV.gif

frame

Entries
Mean x
Mean y
Std Dev x

Std Dev y

o o o o o




Altitude (m)

Altitude (m)

=<
O
///
_>|_
‘_N

| J ‘ | 10TeV proton shower
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| ‘IH\ i " I'\ ‘. 1”’ \ ‘V‘I v
(I l] ';’ 1|| llM‘l‘
It "l‘!""( ‘1‘\ “ (
HURIAL | . 10TeV Fe shower
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e Muon, hadron® AEtE . R

o <4300mlI 7K
17



‘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

0/
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I\/Iuography

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

(2016) 206)

Muon signal

BG (or foreground)

mountain

detector

(2) COSMOS

”‘ Sso h:400km
/" ~\\

4
4
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Muography

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

(2016) 206)
(a)

¢z’
N

—~
&)
172}
o
Q
2
L
2
5]
=
=
g
(5]
N

||||||I|I|II||||III|IIII‘II||||

() o=
10" - \ - R2 :
H . R roton BG -+
BG dominates in number /1t 0\ el%;ﬁgggg S
- ‘ penetrating muon

But clear difference in energyl

1
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L

-1

2
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—
=)
[
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1 1

N 2
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by K.Ohashi (LHCf, Nagoya)

* 1stinteraction category and <X, .,>

2
[g/cm ]Xmaxg)zpj;s_} ....................................... COSMOS 8 035

10%7eV proton COSMOS
COMNEX

COSMOS vs. CONEX

t > ¥ & EPOS-LHC
. . . i’ - # ¥ QGSJET II-04
ND SD(f&ZF) SD(KX%.) DD < 100 ;b sBvLesc
Proton diss.  Air diss. “ § I | b conexses
3 7401— T# »  COSMOS 8.035
S B “ i
S S b { T
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Extra-Terrestrial Air showers !?
proposed application

* Fermi/LAT observation
* GCR + solar atmosphere

A.Abdo et al., ApJ, 734:116 (10pp), 2011
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* GCR + solar magnetic field + interaction with H, He, ...

T. Linden et al., PRL 121, 131113 (2018 o :
naeneta 2008}, Quantitative explanation by COSMOS?
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