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ICRC2021 TR &

ICRC2021 (Berlin, online) ID725

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

2 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

f User code and input files (FirstKiss as an example)

400 GeV photon
standard —
- cosmosLinuxGfort input | param MC condition parameters
COSMOS system functions (executable) JoDepintist = 3000, 4000.0 60000

BaseTime = 10.0,

Manager/cmanager.f - GuBelE
chook.f User hook functions | Contfile=
) CosZenith = (0.9, 0.9)
Manager/cbeginRun.f subroutine chookBgRun CutOffFile =",
. subroutine chookBgEvent || Pdelta=5.00,
Manager/ceventLoop. subroutine chookObs Prim‘aryFile
Tracking/ctracking.f Y subroutine chookEnEvent 8

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

racking/copservations subroutine chookEnRun 7 /A
[ e AN subroutine chookTrace .
Tracking/cinteraction.f subroutine chookEInt primary

_ subroutine chookGlInt folas eV e @ f
subroutine chookNEPInt 0. 0.

Primary particle setting

e Air shower MC simulation tool becomes more and more important in CR physics
* PID, muon puzzle, LHC, thunder cloud, solar gamma rays, etc...
e COSMOS is an air shower MC simulation tool with flexible user control functions
e Combining with a detector simulation tool EPICS, extended COSMOS, COSMOS X, is born

Proceedings paper : PoS(ICRC2021)431



COSMOQOS User Interface

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

standard
p cosmosLinuxGfort input | param MC condition parameters
q ASDepthList = 3000, 4000.0 6000.0
COSMOS system functlong (executable) < 100000 0.0 .0
ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
Cosmos/cmain_f ﬁ link Azimuth = (00,3600),
BaseTime = 10.0,
Manager/cmanager.f : Cont=F
chook.f User hook functions | ContFile =
. CosZenith = (0.9, 0.9)
Manager/cbeginRun.f subroutine chookBgRun CutOffFile = ' "
; f subroutine chookBgEvent | Ddelta=5.00,
Manager/ceventLoop. .
Ser/eey P subroutine chookObs Pr|maryF|Ie-
Tracking/ctracking.f subroutine chookEnEvent - PN
C’ subroutine chookEnRun
Tracking/cobservation.f )
subroutine chookTrace
Tracking/cinteraction.f subroutine chookEInt prlmary
. 'iso126' 'GeV' 'KE/n''d" 0 /
- subroutine chookGInt 100 1
subroutine chookNEPInt 0. 0.
Primary particle setting




COSMOQOS User Interface

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

standard
cosmosLinuxGfort input | param MC condition parameters

- M
COSMOS system functiong (executable) <: ASDepthList = 3000, 4000.0 6000.0

10000.0 .0.0.0

ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
cosmos/cmain.f ﬁ link Azimuth = (0.0,360.0),

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\

Manager/cmanager.f

Manager/ceventLoop.f

Tracking/ctracking.f subroutine chookEnEvent 1
C’ subroutine chookEnRun
Tracking/cobservation.f .
subroutine chookTrace —

subroutine chookEInt primary
so 12 6' 'GeV' _'KE/n' 'd'" 0 /

subroutine chookGlInt -
Dtrack z
subroutine chookNEPI %—C rac inﬂ)‘
J 7"213_[55
|

Tracking/cinteraction.f

~rrrererperoicle setting




’ T«\=003330 frame

N Entries
N
\

Mean x

\ Meany

Std Dev x

sokokokokokokokokkokskokokkokokkokokkokokkokokkkokkkkk hook for trace 20000

o o o o o

Std Devy

I
! * 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, A
! * at the beginning of 1 event generatio and at the,yy,]

! % generation so that you can identfy each event. {6660]

! * 80001

! *

6000

subroutine chookTrace o

J'\=003420 frame
2000 NN Entries

Mean x

#include "ZmedialLoft.h"

Std Dev x

#include "Ztrack.h" 1276000 ><20000 suadevy
#include "Ztrackp.h" :

#include "Ztrackv.h"
#include "Zobs.h"
#include "Zobsv.h"

o

o

\_ |Meany o
\

o

o

100004 ‘ ‘

type(coord)::f :$: ; )

type(coord)::t 4000 / s O T=003690 | frame
2000y < AN Entries

call ccoordForTr( 25, f, t) 0% S R [
~4000 R

—2000 N ’ P N\ |Meany

! t is in meter.

Std Dev x

tstep = 100 ! timing step in nsec 200004 S Seuy
iusbf = TrackBefMove%t/0.3/tstep 000 T 5pdP 18000;
iusmv = MovedTrack%t/0.3/tstep 14000 14070 160001
energy = MovedTrack%p%fm%p(4) 14000+
12000
if ( (iusbf .ne. iusmv) .and. (energy .gt. 0.01) ) then 100004
write(TraceDev, '(2i7, 3i4, fl10.1, 3f12.1, 2f10.1)') 8000
* iusbf, diusmv, 6000
* TrackBefMove%p%code, TrackBefMove%p%subcode, 4000
* TrackBefMove%p%charge, 2000
* energy, ol
* f%r(1), f%r(2), f%r(3), 14000
* TrackBefMove%t, MovedTrack%t 120000
endif
ond Animation: —2000 0088

4000 14042000

http://cosmos.icrr.u-tokyo.ac.jp/Misc/proton_10TeV.gif
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10TeV proton shower

Attitude (m)

.........................

d \."M

|1 qu '\‘

10TeV Fe shower

« BT YT —
e Muon, hadron® AEtE ., Fix
e <4300miL7K

IFETE LAV ERZELIBEMTRA) 7> 3>
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‘primary’ file

Primary definition

—. dN/dE

) He’
102

— proton
— Helium
1°§_ CNO

1 1 lllllll 1 1 lllllll

.2

=
10 1 Ekin/nucleon1REeV/n) ' g
8

"CNO’ 7 GeV’

Of course, mono energy, simple power law are simpler

I
CO O Ul v~ W
e e N e e e

13



=T DAY - Muography

(R.Nishiyama, A.Taketa, S.Miyamoto, K. Kasahara/ Geophys. J. |
(2016) 206) 4 . Ty -
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(2016) 206)

BG dominates in number

But clear difference in energyl |!

(a)

%l © Muography

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

(b)

0.6

et e o
w ES o

zenith angle (cos6)

bed
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(C) —
w0 d \ ; R2 ‘ ‘
i proton BG --------
I \ electron BG --==----+
i muon BG -------
‘ penetrating muon

2L

) 1 -
E (m™ sec” sr
|

=

dN/dlog

;}‘:" ﬂ‘\ ! !
10° g _10° b

E, kinetic energy m/ )

107!

azimuth angle

R3

T
proton BG
electron BG
muon BG
penetrating muon

o

10° 10" 10°
E, kinetic energy (GeV)

10°
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1T DAY

by K.Ohashi (LHCf, Nagoya)

* 1stinteraction category and <X,,,>

2
[g/cm ]Xmaxd)ilzis_l --------------------------------------- COSMOS 8.035

107eV proton COSMOS
COMNEX

COSMOS vs. CONEX

«— 780
E B ¥ & EPOS-LHC
' ' - < L # ¥ QGSJET II-04
=] S L
ND SD(Bﬁ%) SD(j(m) DD >§ 760[ W 4 SIBYLL 2.3c
. . . © -
Proton diss.  Air diss. w & L I { " conexass
S T a0l ; +  COSMOS 8.035
= i
>< i *iﬁ J {.
cC 720(— '
___________________________________________________________________________________________________ = = :
v B
E 700— "
................................................................................................... 680__
L+ | | | | |
ND pSD tSD DD CD average
____________________________________________________________________ collisiton type of the first interaction

ND SD(f%F) SD(K5K) DD _ v
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Extra-

‘errestrial Air showers
roposed application --

Fermi/LAT observation
GCR + solar atmosphere

A.Abdo et al., ApJ, 734:116 (10pp), 2011

0.5

0.25

-0.5

Helioprojective solar latitude (7,, deg)

| 7P

ABEWIC X SHUE

-0.25F "

1
<2010 (17 months)

Fro=13.1x2.5

. (xlO‘GIMeV crr}‘2 s71) .

Feq=12.1x2.5

T T T
0-50 GeV

Fro=13.9+0.8

. . (xlO‘slMeV cml‘2 s1) .
T T T T T

Feq=4.5+0.8

=2010 (94 months

>50 GeV

e ®
L N )
" |
| Fou=6.4205 =
. I()(10 5IMeV n'; 2571
05 025 0 025 05

Helioprojective solar longitude (7, deg)

>50 GeV
<2010 (17 months)
0.5}
025 L
-
o A [
-0.25|- " )
—— 0.5 e
' ' ' ' A Fpoi=5.7%4.1 Feq=20.1£4.1
= 1 — . . (xlO’slMeV crr}’2 e;’l)I
o ) i -05 -025 0 025 0.5
__,,E ! ! - L ;
] ] L Equal flux
E 1 | L L P |
10 20 50 100 200 L

Energy (GeV)

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

Time dependent energy spectrum, emission region
* GCR + solar magnetic field + interaction with H, He, ...

Quantitative explanation by COSMQOS?
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More applications?

Tracking in strong magnetic field

Air showers in other planets



