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Congratulations 30 years
anniversary of CORSIKA!!



Congratulations 30 years
anniversary of CORSIKA!!

How old is COSMOS?



Slides by Prof. Kasahara in the atmospheric neutrino
workshop at Nagoya in March 2019
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COSMOS General Features

 Monte Carlo air shower simulator
* Fortran (+ C)
e User Interface: Fortran (or C++)

 Compiler: Formal Fortran
* Intel Fortran

New team :
K.Kasahara, T.Sako, A.Taketa,
N.Sakurai, H.Menjo, YTameda,
N.Sakaki, Y.Tsunesada, T.Fujii +

e GFortran (available since COSMOS v8 in 2017)

e cmake available soon
* Thinning
* Parallel computing

e MPI
e Skelton-smach- flesh method

* Hybrid AS size computing (MC + analytical)




Physics Processes

* Elemag
* Photoelectric eff., Rayleigh scat., Compton scat.
e (Mag.) Pair cre.
 Brems., e+ annihilation, Bhabha, Moller scat.

Synchrotron

Photo-hadron prod.

LPM effect on brems. and pair.

* Multiple scat.

* Muon
* Brems, pair, nucl. In.
* Polarization, stopping mu- capture

e Hadron
e |nteraction models



Control parameter list

ASDepthList = .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
ASHeightList = .o, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0

Azimuth = (.0,360.00),
BaseTime = 10.0, \

(=
=
~

=
(=)
=
~

=

o L Ranges in zenith, azimuth
CosZenith = (0.9999999, 1.0), . el
CutoffFile = ' ', Multiple definitions of

i / particle pick up heights
DepthList = 10000.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

DestEventNo = 2, 2
DtGMT = 8.00,
Freec = T,
Generate ='em '
HeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
HeightO0fInj = 100e3,

Hidden = F,

IncMuonPolari =T,

InitRN = 697869663 -1505037266

IntModel = *"phits” 2.5 "jan" 5 "dpmjet3" 1.es "agsjetzr +— INteraction models with switching thresholds

Job="",
KEminObs = 500e-6 . . Interaction Models
o eotare = ass, +— | Observation site in e
Long;f tl—e*r- U | i d | 1 d pmje > thresho <5GeV ~ Nucrin. Ela included. charm. ?
e i L ongitude, latituae IS
inPhotoProdE = .
ObsPlane = 1, ' QGSJET04 >80 LHC tuned
OneDim = 0, EP0S1.99 >80
- EPOS-IHC-3400 > 80 LHC tuned
seedrite = + v, v« Primary definition in EPOS-IHC-3700 > 80 LHC tuned. A>56 can be used
SkeletonFile = 'SkeletonParam ', .
ThinSampling = F, JAM <108 spectator fragment ng
TiReSEructurs = T, CPHITS <2 JAEAcode nutroninteracon
Trace = 0 Sofia  >014  photo-hadronproduction
TraceDir = ' ', .
WaitRatio = 1.00, Frltlo.f1.6 <2000
Within = 99999, Nucrin <5
YearOfGeomag = 2011.500, ad-hoc >threshold  employed only for rescue 10

Zalry = 'cos ',
$END



‘primary’ file

Primary definition B
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COSMOQOS User Interface

- A
COSMOS system functions

cosmos/cmain.f

Manager/cmanager.f

-

cosmosLinuxGfort
(executable)

N

standard
input

link

User code and input files (FirstKiss as an example)

\

chook.f User hook functions

Manager/cbeginRun.f

Manager/ceventLoop.f

Tracking/ctracking.f

<
f

Tracking/cobservation.

Tracking/cinteraction.f

subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent
subroutine chookEnRun
subroutine chookTrace
subroutine chookEInt
subroutine chookGInt
subroutine chookNEPInt

param MC condition parameters

ASDepthList = 3000, 4000.0 6000.0

10000.0 .0.0.0

ASHeightlList = .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,

PrlmaryFlle-

[

primary

'iso126' 'GeV' 'KE/n''d" 0 /
100 1.
0. 0.

Primary particle setting
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Early days application 10—

“Atmospheric neutrino fluxes”
M.Honda, K.Kasahara, K.Hidaka, S.Midorikawa,
PLB 248 (1990)

’ 0.2+ Solid: w/mu pol
. Dashed: w/p mu pol -

4 E. (GeV)

* Muon polarization, which biases e and v,

- energies in u decay, was implemented

1 ¢ 20% effect in flux, but 5% in ratio

* Kamiokmande (v, + 178)/(1/” + 17“) anomaly
o T E S B was not explained

E(GeV) => Neutrino oscillation scenario



Interaction modification in a user function
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Softening in the COSMOS user hook function.



Muography
(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara, Geophys. J. Int.
(2016) 206)

Muon signal

mountain
detector
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Muography
(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara, Geophys. J. Int.
(2016) 206)

Muon signal BG (or foreground)

mountain

detector
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Muography
(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara, Geophys. J. Int.
(2016) 206) e
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Muography
(R.Nishiyama, A.Taketa, S.Miyamoto, K.Kasahara Geophys J. |
(2016) 206) et | V
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Muography

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

(2016) 206)
(a)
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Recent Application
by K.Ohashi (LHCf, Nagoya)

* 1tinteraction category and <X ,,>

2
E-90 2l — X - E— COSMOS 8.035
| 1017eV proton

ND sb(Bzz-%) ISD(j(Q—?_L)I DD

Proton diss.  Air diss.

mean X,

B
ND SD(f&F) SD(K&) DD _

COSMOS
COMEX

COSMOS vs. CONEX

[g/cm?]

mean X, .,

~
@
o

760

740

720

700

680

¥ 4 EPOS-LHC
® QGSJET Il-04
% SIBYLL 2.3c

B conex 5.64
4 COSMOS 8.035

—

ND

pSD  tSD DD CD average

collisiton type of the first interaction
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E dN / dE [per shower]

CORSIKA — COSMOS comparison

S. Roh et al., Astroparticle Physics 44 (2013) 1-8
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CORSIKA —— |
COSMOS --------

1 02 1 1 "I
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CORSIKA — COSMOS comparison

10%eV proton

0 degree 45 degree

1.5410"

Vertical
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* >80GeV QGSJET II-03

e <80GeV FLUKA for CORSIKA, PHITS and JAM in COSMOS

1200

S. Roh et al., Astroparticle Physics 44 (2013) 1-8

At most 16g/cm?
difference

CORSIKA
COSMOS = =— = |
H.Wahlberg etal =— = — - 7]

_—
o
—_—
—

=
— —
—_
_—
—_—

CORSIKA i
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18.5 19.0 19.5 20.0 20.5
log Energy [eV]
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Tracking in the geo (arbitrary)
magnetic field
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Tracking in non-air materia
fusion with EPICS — on going update --

mfp

EPICS is a detector simulation code allowing
arbitrary material, shape, ...

Seamless simulation into rock, ice, water, ...
using high energy interaction models
Muongraphy
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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

T T T T T T T
10 - 50 GeV 10 - 50 GeV
<2010 (17 months) =2010 (94 months)
SN T T T e %

ABEDIC LSS

>
Q
°
>
0]
'n 2 p0=13.122.5 Feq=12.1%2.5 | Fpp=13.9%0.8 Foq=4.5+0.8
~ 10—4 E (x107® MeV cm~2 s71) (x107¢ MeV cm~2 s71)
! L I I I I I I I I I I
E © >50 GeV >50 GeV
o ° <2010 (17 months) =2010 (94 months)
% n 0.5 o
o 1073 T o025/ N ® ‘
kel Q - LX)
s o :
: g 1 ol f
N =
' ' T A O 57541  Fu=201241 | Fry=6.420.5 Feq=0.5%0.5
_8 10 -3 (x107® MeV cm™2s71) (x107% MeV cm~2 s71)
© | | | | | | | | | | 4.0
j 05 -025 0 025 05 05 -025 0 025 05
E 1 _!!! § - § i Helioprojective solar longitude (7, deg)
T [ I L Equal flux E
o | L L P | | ] . . . .
10 20 50 100 200  Time dependent energy spectrum, emission region

Energy (GeV)
* GCR + solar magnetic field + interaction with H, He, ...

T. Linden et al., PRL 121, 131113 (2018) o _
* Quantitative explanation by COSMQOS?



More applications?

Tracking in strong magnetic field

Air showers in other planets
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Summary

* COSMOS is...

* old in origin, but updating continuously
* maintained by a new development team formed recently
 easily used under Gfortran environment

* COSMOS can...
e simulate air showers under various conditions
CROSS CHECK WITH CORSIKA

e extend to non-terrestrial atmosphere simulations
ORIGINALITY W.R.T. CORSIKA



