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3 Program Options

3.1

32

34

35

High-Energy Hadronic Interaction Models . . .
3.1.1 DPMIET Option [P [
312 EPOSOption . .. ............................
3.1.3 HDPMRoutines . ..................ouuonno...
3.1.4 NEXUS Option
3.1.5 QGSIJET Option
3.1.6 SIBYLL Option
3.1.7 VENUS Option
Low-Energy Hadronic Interaction Models . . . . .. ..............
321 FLUKAOPLON . . . . ..ottt i i et
322 GHEISHAOption .. ..........................
323 URQMD Option
Electromagnetic Interactions (NKG/EGS4 Option)
33.1 NKGTreatment. . . . ... .. ............uo.onn. ..
332 EGS4Treatment . ... ............outenuennn...
Cherenkov Options . . . . ... ............ ... ...
3.4.1 Cherenkov Standard Option
3.42 Cherenkov Wavelength Option .
3.4.3 TImaging Atmospheric Cherenkov Telescope Option
3.4.4 Imaging Atmospheric Cherenkov Telescope Extension Option . . . . .
3.4.5 Cherenkov Light ReductionOption . . . .. ..............
3.4.6 INTCLONG and NOCLONG Options .

Other Non-standard Options A
3.5.1 ANAHIST Option e
3.5.2 ATMEXT Option with External Atmospheres . . . . ... .......
353 AUGCERLONGOpton . .. ......................
3,54 AUGERHISTOption. .. ........................
3.5.5 AUGERINFO Option
356 CHARMOption . ..................0.0uoun...

357

3.5.8

3.5.9

3.5.10
3511
3.5.12
3.5.13
3.5.14
3.5.15
3.5.16
3.5.17
3.5.18
3.5.19
3.5.20
3.5.21
3.5.22
3.5.23
3.5.24
3.5.25
3.5.26
3.5.27
3.5.28
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3.5.32
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3.6 Combination of Options

COASTUSERLIBOption . . . .. ... ......couuun.....
COMPACT Output Option . . . . ... .. ...............
CONEX Option for Cascade Equations . . . .. ............
COREAS Option
CURVED Atmosphere Option . . . .
EFIELD Option . . . .

EHISTORY Option .
INCLINED Observation Plane Option . . . . .. ............
INTTEST Interaction Test Option . . . . . ... ............
LPMOPpton . .. ... ... ...,
MUONHIST Option . . . .. ......................
MUPROD Option
NEUTRINO Option
NUPRIM Option for Primary Neutrinos .
PARALLEL and PARALLELIB Options . . . .. ...........
PLOTSH Shower Plot Production Option . . . . .. ..........
PLOTSH2 Shower Plot Production Option
PRESHOWER Option
ROOTOUT Option . .
SLANT Option . . . .
STACKIN Option . . . .
TAULEPOption . .. ... .........ouiininon.on...
Option for Thinning
TRAJECT Option
UPWARDOption. . . .. ........................
Viewing Cone Option . . . . .. ...........
Volume Detector and Vertical String Geometry Oplio&
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COSMOS X as a general purpose air shower simulation tool

T. Sako,a T. Fujiibe K. Kasahara,@ H. Menjo,e N. Sakaki, f N. Sakurai,g A. Taketa," Y. Tamedat for the COSMOS X development team

a 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, einstitute for Space-
Earth Environmental Research, Nagoya University, f Computational Astrophysics [aboratory, RIKEN, 9 Graduate School of Science, Osaka City University, " Earthquake Research Institute, University of Tokyo, t Osaka Flectro-Communication University, Department of
Engineering Science

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

400 GeV photon
standard —
p cosmosLinuxGfort input | param MC condition parameters
COSMOS system function (executable) <:| f}f(,%ifghfgsfofj"‘J"' 1000060000

ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,
BaseTime = 10.0,
Manager/cmanager.f - E°"t;|F'_ .
chook.f User hook functions || ContFile=

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

subroutine chookBgEvent || Ddelta=5.00,

subroutine chookObs prim'arypne
Tracking/ctracking.f ¢ subroutine chookEnEvent 8

| Manager/ceventLoop.f |

: : subroutine chookEnRun 7 /A
| Tracking/cobservation f subroutine chookTrace -
| Tracking/cinteraction.f : subroutine chookEInt primary
N 7tf\‘%subroutine chookGlnt fsolal GeV K 0/
subroutine chookNEPInt 0. 0.
Primary particle setting

(S

« Air shower MC simulation tool becomes more and more important in CR physics
o PID, muon puzzle, LHC, thunder cloud, solar gamma rays, etc---
« COSMOS is an air shower MC simulation tool with flexible user control functions

- Combining with a detector simulation tool EPICS, extended COSMOS, COSMOS X,'is born



I I Tracking of a 10TeV prot
COSMOS X Appllcatlons inr?[ﬁelgilgr Ztmosephgrrs o

A 100TeV proton shower above
and below the ground

WATER 15m

Trajectory of a charged particle
trapped in the geomagnetic field

| $ CONCRETE 0.3m

http://cosmos.icrr.u-tokyo.ac.jp/COSMQOSweb/

« Variety of applications are possible using COSMOS X
« Non-air materials : any gas, liquid solid
« Arbitrary magnetic and electric fields
 Non-earth conditions : spherical shell structures with a common center and arbit7rary radi
 Try, enjoy and feedback us!!



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

COSMOS XT&E s lf&ETEaRmWT &

« COSMOS9TZEZE N TWLW=A, COSMOS XZEETRTE T A ED
c NFOVHEEEBRETLOYYEZ kYUY —XTH)
« IBTEAE G DHLRE
c Za—PFU/RBEEROFHE (Za2—MY / RISIIASBETLIBZR
. FEIFETETFTILHEAAED)
Z_ A %&iﬁxﬂ VM(SOGBV)+0 - u(10GeV) + X
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RV YT7—Ialb—avVIichELRAD

First Kiss sample - A#izo 1 prmary

e T xI)IF—

- FEAmE (RIEA. HhuA) |
A& E
. EﬁﬁﬂﬂEM\@> — param

- RBE, BE. &5
o H2ViRL[EIEK
- FERITZEEEBET IV
nuida—Y—o B &b?%é

ERVYy7—Ial—Y 3y TRELREA
® mETHE?j(FLEP?
« DRT?EMEETE (ZRILF—, FIFRE-) ? = chook.f
s NFOYMEE? TV I ?ERNITTL?
NI —HY—DEMICKE {IKEF

sako@tadhcp231 FirstKiss % ls

Alt Readme chook.mk param.demo
CMakelLists.txt Seed chookHybAS. f
Makefile Vis cosmosLinuxGfort race
Makefile.legacy |chook.f I |param I trace2

i — _—— - = E AR 7 5
ATORFOREHD b5 v 2% HH LA TH3D (DI LERHD) LUEMRL LD




primary file | ww en

#

sako@Ptadhcp231 FirstKiss % cat primary

/

24-12 Mg 22-11 Na

H#——

100 1.

'iso 14 7' 'GeV' 'KE/n'

0. 0.

AFHRFOBEETIRIILEF—HIBEIT D774
FTCWHREDITIEaX Y PO TER
XED 11TH

« Yiso 147 F [HERIA, RFES T0ORTFK] 2%V [BERRF~

Nucleon = & F ([5F & B EF)
Nucleus = [RF¥#%
Nuclei = RFREDOELEF

e IXIIF—DHALL “‘GeV', TXILF—DEZEIT “KE/n” (kinetic energy per nucleon)
« F:1GeV/nDEF T RIILF— (KE) ZFOEXREFEFZIE. & T 14GeVOEF T XL ¥ —%
HtD, BEIXRILTY— (WIGeV/BF) 502 LT #928GeVO TR IIL¥ —, AHRFX

o =

DITXILF—DERICITETE,

o ARZ M (ZZTIEEBEFRAEWL) OXATIF A" DEYHHD AT FIL

e 7TV IADEHX (ZZTIEBEFZEAWL) XA

KED 2 17H
« 100 GeV/n
e W77 vy RBEI1

R ZDT7 74N [BET xILF¥— 100GeV/nDBZEEF] 2IEET2HD ,




#

# The next is an example of a complex composition at low energy
# This is a plausble example. The unit of flux is

# /(m2 sec sr Gev)

#
AN . 'p' 'GeV' 'KE/n' ‘'d' e /
p j: - j:b e i 1(-;0\/ 659KE/
é O~ o~ 73\ prllllary EKE 2.0 350
3.0 190
4.0 120
0 o 20
CosmosX_0.08/LibLoft/Data/Primary/ (CH > 7 L& V) so .1
100 .08
HDFE. proton& He® mixed composition TZ L% 200 013
NDWP AR FIVEIEET S & fluxkbiZ/ie U TAS Loeo. 2.0
RFEETANT—ZRE s T
TOMIE 10TeV #H > < HAL OF 1000 52 . 36e-13
BARYT bPILDOF&RHEIF0 0" ClEE Lete 35025
'He' ?éeV' e:KE/n' 'd' o /
1.0 50
# 1.5 40
# s 1
* 'gamma' 'TeV'! 'E' 'd’ 0 / ie l{:s
10. 1. 20. .2
0 L igé. 3?§e—3
200. 5.e-4
400. 7.7e-5

2.e3 9.98e-7

20.e3 1.99e-9

200.e3 3.97e-12

400.e3 6.1e-13

800.e3 8.46e-14
8000.e3 8.46e-17 12
8.e8 5.3e-23

0 0




param Tile

DepthList: 8 ATUEEZ DY X+ (kg/m?)
HeightList: AI5ED U X + (m)

DepthListhM& & N5, HeightListZfE L7z
BFix. X359 % DepthlListo#MEEEICL TH <,

InitRN: % #seed, —EBH B DOEIFHERDOE
%) % F) .,

PrimaryFile: ASTKLFIFH &+ T L 7= primary
filed 7 7 A INEBZIETE

CosZenith, Azimuth: ASTXIEA (D cosine)
EHRIBDEHE AT

DestEventNo: 2E B O MM AS KL F# % 15 7F

BERINLITA > TN, WAWALEZ &
NTED,

bash-3.2% cat param
&PARAM

LatitofSite = 30.110000  ZDH|HIDIEEIRE -
LongitOfSite = 90.53 _ +
YearOfGeomag = 2019.500 7;‘%)0357rﬁﬁ

DepthList = 2000 4000 6000 8000 ©

! DepthList = -3000 -4000 —-6000 -10000 0

! HeightlList = 6000.0 4000.0 2000.0 .0 .0 .0 .0 .0
ASDepthList = 2000 4000.0 6000.0 8000.0 .0 .0 .0 .
! ASDepthList = -10000 -4000.0 —-2000.0 -1000.0

! ASHeightlList = 6000.0 4000.0 2000.0 .0 .0 .0 .0
SeedFile = 'Seed'

InitRN = 300798 -3319907

PrimaryFile = 'primary'

! PrimaryFile = 'primary_e'

! CosZenith = (1.0, 1.90)
CosZenith = (0.9, 0.9)
Azimuth = (0.0,0.0)
HeightOfInj 100.0e3
DestEventNo 1000 2

! Generate ='em/as'

Generate ='em'

! Generate ='as'

ThinSampling = F

IntModel = '"phits" 2.0 "dpmjet3" '
IncMuonPolari =T

KEminObs = 8%100e-6 ! 100 keV
LpmEffect = T

MinPhotoProdE = .152

! PhotoProd =T ! obso

]

i SUETE D
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! Generate ='em/as'
Generate ='em'

1:'| :;2 ! Generate ='as'
p a ra m | e ThinSampling = F

IntModel = '"phits" 2.0 "dpmjet3" '
IncMuonPolari = T

KEminObs = 8%100e-6 ! 100 keV

Generate: “as"#18E$ % L BHIY v 7 —IIBAMTE SR, #t e ot = 152
%iﬁf: 77&_1'%_\1_ “a‘l’ Lf“L\H—J“\ /N I* H /&}/_ﬁ\fCU‘%EL\f: L\H:\'—j:\ ! PhotoProd = T ! obso
IEBEM. "em"IEBHLY v 7 — % 5B (default) , "em/as”|E[@ BaseTime = 10.0
752%55@0 Cont = F
ContFile = ' '
CutOffFile = ' '
IntModel: N F O > RIGET )V, HDHIIE <2GeVT PHITS %, bdelta = 5.00,
>2Ger DPMIET3%FIMH, (ZoYEZRYU—-2T, BE% s
/\o ) Freec = T
Hidden = F
Job = ' ! This is comment after input data
Trace: Trace filetH A D FiE, 2HFD b7 v F 4 BTERLHS ObsPlane = 1
/T /r }[/7f)€/6§ % @/G\ %Ij\}bf\:_\ *’E%U\%UL@E%M—ED L:T% SkeletonFile = 'SkeletonParam '

Zl, FIYVIHANEBENTERLIZVEILX 100<=Trace<160& L. SourceDec = 30.0

TimeStructure = T

chookTrace%‘: E /Cnal__o ! Trace = 41 ! for c}isplay vyith Earth
FirstKiss Tl Trace=217T. BEIMICER D trace filehNEK SN B, T e . i [oF displaywith detector

WaitRatio = 0.01
Within = 99999
Zalry = 'cos 1'
&END

14



chook.T

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

p
COSMOS system function

Manager/cmanager.f

standard
cosmosLinuxGfort input

(executable)

Y

chook.f User hook functions

| Manager/cbeginRun.f |

| Manager/ceventLoop.f |

Tracking/ctracking.f

subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent

1 subroutine chookEnRun
| Tracking/cobservation.f alsreiine dheeliEe
| Tracking/cinteraction.f & subroutine chookEInt
N 538 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

« STEOE

subroutine ¢

-

L[

primary

'iso126' 'GeV' 'KE/n''d" 0 /
100 i,
0. 0.

Primary particle setting

P& T

. hookf GDsub outine & e
@E%Tgéo

E

1—H—
00kXXXAH'H

bash-3.2$ cat chook.f
! #define ONLYELEC

#include "cmain.f"

#include "chookHybAS.f"

111 #include "ctemplCeren.f" not needed now

! If you would supply your own cmyEfield.f and/or cmyBfield.f

! put your cmyEfield.f in this folder; to do so,

! probably it's better to copy cmyEfield.f in $COSMOSTOP/cosmos/
! here and modify it. The file here will override the one
! in $COSMOSTOP/cosmos/
111 #include "cmyEfield.f" not needed now
111 #include "cmyBfield.f" not needed now

hook for Beginning of a Run
* At this moment, all (system-level) initialization for this run

* event creation loop.
*

subroutine chookBgRun |
implicit none

#include "Zmanagerp.h"

#include "Ztrack.h"

#include "Ztrackv.h"

#include "Zobs.h"

#include "Zobsp.h"

#include "Zobsv.h"

subroutine

real(8):: oldv
integer:: icon

! namelist output
call cwriteParam(ErrorOut, )
! primary information
call cprintPrim(ErrorOut)
! observation level information
call cprintObs(ErrorOut)
call epResetEcrit(@, "Air", 81.ed-3, oldv, icon)
write(@,*) 'icon=',6icon, 'Default Ecrit oldv(MeV)=', oldv*1000,
* ' has been reset to ', 81, ' MeV'

end

hook for Beginning of 1 event
All system-level initialization for 1 event generation has been
eneded at this moment.

After this is executed, event generation starts.

* ¥ *

X

| subroutine chookBgEvent |
en

hook for observation
* One particle information is brought here by the system.
* All information of the particle is in aTrack

X%

subroutine chookObs(aTrack, id)

use modCodeConv

Note that every real variable is in double precision so 15
that you may output it in sigle precision to save the memory.
In some cases it is essential to put it in sigle (say,

* has been ended. After this routine is executed, the system goes into the




chook.T

chookObs( aTrack, id) : K. 7 A 1E C & S E (1
ZELEICTEEND, TrackB oS (K aTrack(c
ZHENFOETOIFERA. idiciE Y7 L—F >
NIEENT-ERIGDH Y,

variable  variable type  description
p struct ptcl particle attributes defined in Zptcl.h
pos struct position position, structure defined in Zpos.h
t real*8 time in length/beta (m)
vec struct direc
wgt real*4 weight for thin sampling
where integer*2 current obsSite no. (0 is initial value)
asflag integer*2 non 0, if As has been generated from this ptcl (only for electrons)
user real*8 user use
If LABELING >0
label integer put a label (1,2,...) on each particle.
There is a global label counter which is cleared at the start of 1 event
generation. It is counted up when a particle is poped up from the stack.
The label counter is given to the label of the poped up particle. This may
be needed to judge if the same particle crosses a given observation place
more than once.
info integer for each particle, when a particle is born this is initialized to 0. If the ptcl

goes higher than 380km, 1 is added. This is for AMS observation.

sokskskkokkokskokskokkkksk kKRR kKRR kkkkkkkkkkkk hook for observation
*x One particle information is brought here by the system.
% All information of the particle is in aTrack

*

subroutine chookObs(aTrack, id)

use modCodeConv

Note that every real variable is in double precision so
that you may output it in sigle precision to save the memory.
In some cases it is essential to put it in sigle (say,

for gnuplot).

implicit none

#include "Ztrack.h"
#include "Zcode.h"

integer id ! input. 1 ==> aTrack is going out from
outer boundery.
2 ==> reached at an observation level
3 ==> reached at inner boundery.

type(track):: aTrack

integer::i

integer:: pdgcode ! ptcl code by PDG M.C

For id =2, you need not output the z value, because it is always

0 (within the computational

if(id .eq. 2) then

accuracy).

call ccos2pdg(aTrack%p, pdgcode)

write(*, '(3i3, i12, 1p, 3g15.4)')

* aTrack%where, ! observation level. integer*2. 1 is highest.
* aTrack%p%code, ! ptcl code. integerx2.

* aTrack%p%charge, ! charge, integerk2

* pdgcode,

* aTrack%p%fm%p(4)-aTrack%p%mass, ! KE in GeV.

* aTrack%pos%xyz%r(1), aTrack%pos¥%xyz%r(2) ! x, y inm

endif

end

16




FirstKissH 73 (1)

write(x, '(3i3, il12, 1p, 3gl5.4)"')
* aTrack%where, ! observation level. integerx2.
* aTrack%p%code, ! ptcl code. integerx2.
* aTrack%p%charge, ! charge, integerx*2
* pdgcode,
* aTrack%p%fm%p(4)—-aTrack%p%mass, ! KE in GeV.
* aTrack%pos%xyz%r(1l), aTrack%pos%xyz%r(2) ! x, y in m

1 is highest.

« chookObs() TIsE L 7-1ZEH N & trace
D SNT=DDH T
e BOICWMERIBRLSITAHDTNITLU

1 1 0o 22 1.1939E-03 600.4 4720.
1 1 0o 22 4 ,5868E-03 183.4 5600.
1 1 0o 22 1.2021E-04 -120.8 5303.
1 8 0 14 8.1848E-02 8011. 2361.
2 8 © 14 8.1848E-02 1.1833E+04 3543.
3 8 0 14 8.1848E-02 1.4229E+04 4286.
4 8 0 14 8.1848E-02 1.6039E+04 4847 .
1 7 © -12 3.3552E-02 9544, 1630.
2 7 © -12 3.3552E-02 1.4125E+04 2451.
3 7 © -12 3.3552E-02 1.6999E+04 2966.
4 7 0 -12 3.3552E-02 1.9168E+04 3356.
1 8 0 =14 5.5767E-02 -1357. 1.1828E+04
2 8 © =14 5.5767E-02 -2126. 1.7601E+04
3 8 0 -14 5.5767E-02 -2612. 2.1226E+04
4 8 0 -14 5.5767E-02 -2980. 2.3964E+04
chookObs()IC &k 21
particle code name code number particle code name code number
photon kphoton 1 electron kelec 2
muon kmuon 3 pion kpion 4
kaon kkaon 5 nucleon knuc 6
Ve kneue 7 vy kneumu 8
deuteron kdeut 9 triton ktriton 17
He kalfa 10 LiBeB(A~8)  Kklibe 11
CNO(A~14)  keno 12 H(A~25) khvy 13
VH(A~35) kvhvy 14 Fe(A~56) kiron 15
D meson kdmes 16 p krho 24
A klambda, 18 A, klambdac 21
X ksigma 19 =2 kgzai 20
w komega 25 ¢ kphi 26

17




FirstKisshH

W (2)

« chookObs()TIEE L 7-1ZHEH T & traceD S\ F=DDH T
« trace H1(predefined)

 “%, v,z ID,KE, Q"Z2, O &DDRFIZ DWW Ttrackh#&4> 5 £ TS

e DEDDORITFDtrackh &b -7 HZ=ITTXY] )
e INAEOETHOHWVLWTHE W=D T, ReadTraceMacro.COH 7

e 100<=Trace<160¢& L T. subroutine chookTrace ZZ(F(E. B DE A
NI A7 N p—
DtraceH NN TE S, (BTORFDOEHICT I/ LATES, )

47435.23596485388 1.3009746114822280E-10 97941.50523180205 9 1400.000000000000 7 0.00000000000
41220.26220180405 —-2.465814886252033 85097 .43448453739 9 1399.999707199394 7 14269.31776835590
41220.26220180405 -2.465814886252033 85097 .43448453739 2 3.8868093212764186E-04 -1 14269.31776835590
41219.59375602753 —-0.3327319270908439 85096.32305271465 2 3.8867828324107160E-04 -1 14272 .35099510635
41218.96074246645 1.818719704320210 85095.22640315845 2 3.8867563382288318E-04 -1 14275.38421292654
41218.35870980538 3.987413539006735 85094 .14642198778 2 3.8867298388068228E-04 -1 14278.41742181541
41217 .79767105777 6.183277481181099 85093.09981215891 2 3.8867033342665578E-04 -1 14281.45062177161
41217 .29744589954 8.404239949093991 85092.07559459360 2 3.8866768247447579E-04 -1 14284 .48381279322
41216.84737922833 10.64540761941022 85091.07236360318 2 3.8866503103470449E-04 -1 14287 .51699487784
41216.44635539558 12.89460199171139 85090.06632055267 2 3.8866237911181411E-04 -1 14290.55016802505
41216.09650123827 15.15549861232135 85089.06746378010 2 3.8865972670694307E-04 -1 14293.58333223321
41215.76900706250 17 .42386677835082 85088.07803790236 2 3.8865707382403536E-04 -1 14296.61648749893
41215.48735192407 19.70006346528575 85087 .09251406517 2 3.8865442046644725E-04 -1 14299.64963382068
41215.27110632349 21.98350413237249 85086.10725008935 2 3.8865176663535909E-04 -1 14302.68277119762
41215.12595759560 24.,27373365142514 85085.12473425407 2 3.8864911233165225E-04 -1 14305.71589962959
41215.02362945374 26.56446143632382 85084.13802200419 2 3.8864645755495180E-04 -1 14308.74901911471
41214.99253158825 28.85953115786967 85083.15662579949 2 3.8864380230574120E-04 -1 14311.78212965138
41215.01428372149 31.16134164846920 85082.19092156859 2 3.8864114658915825E-04 -1 14314.81523123866
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COSMOS XD % & &

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

standard
cosmosLinuxGfort input | p MC condition paragters 2 S, s N A2
‘ = .vlab—varyon
COSMOS system function (executable) e = *14:

ASHeightList = 0, 0, 0,.0,.0,.0,.0,.0,.0,.0, = 4 param "7 7 ’f y1 7 T“*E EE
ﬁ link Azimuth = (0.0,360.0),

BaseTime = 10.0,

Cont=F,
Manager/cmanager.f ContFile ="

cho ser hoo ctions

) CosZenith = (0.9, 0.9)
| Manager/cbeginRun.f | subroutine chookBg CutOffFile =",
subroutine chookBgEve (iD=

subroutine chookObs i, N FiIe
Tracking/ctracking.f % subroutine chookEnEvent 3

subroutine chookEnRun
subroutine chookTrace

| Manager/ceventLoop.f |

| Tracking/cobservation.

| Tracking/cinteraction.f subroutine chookEInt p'rimary
N BN subroutine chookGlInt o126 GeV K 0/
subroutine chookN t 0. 0.

Primary particle settin

3.8 - FRoOEN li"chook.f"w—lﬁﬂﬁﬁ?ti”primary”7 7AIVTIETE

CchookXXXH 7T I —F v 2 WTIETE

. 14
3.1 primaryfile . . ... ... . ... ... .. ... . e ..., 14

3.2 paramfile . . .. ... ... P 1
3.3 userhook subroutines .
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PrimaryHowTot > 7L

AGTRLF D5 = H 7

ARy EET S => 2 TORFIERZHE
E=>Tv T —EENMET LRDOAFRFIC
primary file T8 L 7= mixed composition,
spectrumA’E 5 EIF L TW B A = M A BE

W
2
103_
102:—
- |— proton
- |— Helium

oF CNO
i 1 Lol 1 Lol

Eki"/nucleon183eV/n)

subroutine chookBgRun
end

sokskskokskskokskokokokkkkkkkkkkkkskkkkkkkkkkkk hook for Beginning of 1 event
* All system-level initialization for 1 event generation has been
% eneded at this moment.

% After this is executed, event generation starts.

*

subroutine chookBgEvent|

#inclu

*
*

implicit none
de "Ztrack.h"

type(coord):: angle
type(track):: incident

call cglncident(incident, angle)

write(®@,*) 'iry c,subc,chg, TE cos-zenith '

write(x,'(A, I3, I3, I3, F12.1, F8.3)') "PRIM ",
incident%p%code, incident%p%subcode, incident%p%charge,

incident%p%fm%p(4), incident%vec%coszenith

Kill all particles in stack
call cinitStack

end

20




FORTRAN#ILE S T > 7L

e https://www.dropbox.com/s/iduai2bsmagbsuwl/Lateral.tar.gz?dl=0

o LateralE WS YT IL, v T —hORFERID lateralofr & chook fNTEHEL THA

subroutine chookEnEvent

ZPARAW TR Y7 —F EITHE
LatitOfSite = 30.110000 (use myhist | + B EKOEE
. - ; R ZAV) EFK
LongitOfSite = 90.53 param file o i1 mbin
Y f = 2019. =L ) ) ) —. .
ear0fGeomag 019.560 write(*,'(i4, 5i10)') i, (nhpart(j,i)}j=1,nid)
| DepthlList = 2000 4000 6000 8000 O DepthListZ {7 Ly end do
DepthLiSt =-10 0)’(“7/(?'2 s 1 ] [
HeightlList = 4000.0 .0 write(x, ' (A)") N FIERRLFELD
T ASDepthlist = 2000 4000.0 6000.0 8000.0 .0 .0 .0 .0 .0 .0 .0 .0 E S = 75 %
: d R 77 LB EEL
| ASDepthList = -10000 -4000.0 -2000.0 -1000.0 en
| ASHeightList = 6000.0 4000.0 2000.0 .0 .0 .0 .0
PRIM 6 -1 1 5000.9 ©.903
SeedFile = 'Seed' BEGIN_EVENT
InitRN = 300798 -3319907 1 162 38 ] ) )
PrimaryFile = 'primary' 2 505 123 0 0 e
! PrimaryFile = 'primary_e' 3 455 97 0 0 0
! CosZenith = (1.0, 1.90) 4 811 63 0 0 9
CosZenith = (0.9, ©.9) 2 gg; ‘7‘2 g g g
Azimuth = (0.0,0.0) 7 323 54 3 0 0
HeightOfInj f 100.0e3 8 348 42 1 0 0
DestEventNo = 1000 2 9 336 47 ) P 9
) 5 10 307 25 ) ) )
primary file, 5TeV proton 11 281 37 0 0 0
p 12 297 40 ) ) )
#  te-' 'Mev' 'KE/n' 'd! @ / 24-12 Mg 22-11 Na 13 269 28 0 9 9
M 14 279 21 ) ) )
# 15 242 21 2 ) )
'proton' 'TeV' 'KE/n' 'd' 0 / 16 265 22 1 0 0
5 1. 17 245 19 1 ) )
0. 0. 18 231 17 1 ) )



https://www.dropbox.com/s/i4uai25smqbsuwl/Lateral.tar.gz?dl=0

SYINS
== oX A

» T aL—2 3 (RUN)BREARS (CHL T 5. EREEARI D EHEAR2K
TCREHBCI TN > T, BERAY 7 IL—F VB TEIIZE R 72
& module

e I FASRF(EVENT)IC, EB¥oFEgx+FOIZT 5, AFHAFIE
R 72 H 77, chookBgEvent

e NI FAOEAISEICE Lz, AT, REERICES DA > b
7z TN chookObs

e DEDDY 7 — (EVENT) AT L71=n. EEAEH T
chookEnEvent
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module myhist

implicit none

integer, parameter::nid = 5

integer, parameter::nbin = 100

real, parameter::rstep = 10.0 ! bin step in meter
integer, dimension(nid,nbin)::npart

end module myhist

8D TEF module. EVENT D BIHA

Module TiEZ L module® (Z Z Tldmyhist) #D}
T-Z8IE. myhistzfs€dH 2 & TEDY TIL—F v~
THH e

EX NI LARTEERT DICIE. Er#(nid, nbin)& B
i@ (rstep) ODEREIMHE KIFEEIEHLZOTE
VIBIZERET)

FORTRANTIZEFIZ1A B E 2 (CTlzEaN D)

subroutine chookBgEvent
use myhist

#include "Ztrack.h"
type(coord):: angle
type(track):: incident

call cgIncident(incident, angle)

! write(®,*) '1ry c,subc,chg, TE cos-zenith '
write(x,'(A, I3, I3, I3, F12.1, F8.3)') "PRIM ",
* incident%p%code, incident%p%subcode, incident%p%charge,

* incident%p%fm%p(4), incident%vec%coszenith
npart = @ ! npart(i,j) =0 (i=1,..., j=1,...)

write(*,'(A)') 'BEGIN_EVENT'

end

chookBgEvent: AGYKIFIEH & BL ) DFEAML
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S (type

CosmosX_0.08/Cosmos/cosmos/Ztrack.h

CosmosX_0.08/LibLoft/Header/Zptcl.h

! #ifndef Ztrack_

! #define Ztrack_

! structure used when tracking a particle
1
#include "Zcondc.h"
#include "Zptcl.h"
#include "Zcoord.h"
#include "Zpos.h"
#include "Zdirec.h"

#include "Zmagfield.h"
!

type track ! full particle attributes in Cosmos
sequence
type(ptcl):: p ! basic ptcl attributes.

! position and time
type(position):: pos

realx8 t ! time in length/beta (m)
type(direc):: vec
realx4 wgt ! weight for thin sampling
integer*2 where ! current obsSite no. (@ is initial value)
integer*2 asflag ! non @, if As has been generated from this
! ptcl (only for electrons)
real*8 user ! user use

! particle information at production

type(ptcl):: inip ! basic ptcl attributes.
type(position):: inipos
realx8 init ! time in length/beta (m)

type(direc):: inivec

! parent particle information
type(ptcl):: parp ! basic ptcl attributes.
type(direc):: parvec

#if LABELING > @
integer 1label ! put a label (1,2,...) on each particle.
! There is a global label_counter which
is cleared at the start of 1 event generation.
it is counted up when a particle is poped up from the
stack. The label_counter is given to the label of
! the poped up particle. This may be needed to judge
if the same particle crosses a given observation place
more than once.
integer info ! for each particle, when a particle is born
! this is initialized to ©. If the ptcl goes higher than
! 380km, 1 is added. This is for AMS observation.

#endif
end type track
! #endif /% Ztrack.h */

L3 KKk KKK KKK K KKk KKKk
type ptcl ! particle at production
sequence
4 momentum.

type(fmom):: fm

real*8 mass
integerx2 code, subcode
integerx2 charge
code: ptcl code
subcode:used mainly to identify paticle/antiparticle
if the difference is important.
To set particle, "ptcl" is used.

anti-partilce, 'antip" is used for particles

For particles of which partilce/antiparticle nature
can be judded by its code and charge, the user
need not specify it when using cmkptc subroutine.
give 0.
subcode for gamma ray may be used to identify
brems gamma and direct gamma by kdiretg, kcasg

end type ptcl
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e o nE

EFHRFAIEESEIEZEL 72 5chookObs() A
I IS

KFOEFED photone b1, BFHBET A 52,
Ta—F a3 TH

Module TEZE L 7-EBED E 18 rstepzF A L
T, FIFOOATHhLDERHENMIEBIZETZS
METE

ZEE DO FHE +1

hook for observation
% One particle information is brought here by the system.
* All information of the particle is in aTrack

k

subroutine chookObs(aTrack, id)

use modCodeConv

use myhist

Note that every real variable is in double precision so
that you may output it in sigle precision to save the memory.
In some cases it is essential to put it in sigle (say,

for gnuplot).

implicit none

#include "Ztrack.h"
#include "Zcode.h"

integer id ! input. 1 ==> aTrack is going out from
outer boundery.
2 ==> reached at an observation level
3 ==> reached at inner boundery.
type(track):: aTrack

integer::i
integer:: pdgcode ! ptcl code by PDG M.C

real x, y, radius
integer ibin, pid

For id =2, you need not output the z value, because it is always
@ (within the computational accuracy).

pid = @

if(id .eq. 2) then
call ccos2pdg(aTrack%p, pdgcode)
if ( pdgcode.eq.22 ) pid = 1 ! photon
if ( (pdgcode.eq.11).or. (pdgcode.eq.-11) ) pid
if ( (pdgcode.eq.13).or. (pdgcode.eq.-13) ) pid

2 le+/-
3 Imu+/-

x = aTrack%pos¥%xyz%r(1)
y = aTrack%pos¥%xyz%r(2)
radius = sqrt(x*x + yxy)
ibin = int(radius/rstep) + 1

if ((ibin.ge.1).and.(ibin.le.nbin).and.(pid.ne.@)) then
npart(pid,ibin) = npart(pid,ibin) + 1
endif
endif

end
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5.1. Particle Identification code

Cosmos uses a conventional particle code that differs completely from extensive one
recommended in the Particle Data book. Subroutines to convert the Cosmos code to the PDG
code are available and described in Sec.??. A particle is identified by the particle code, subcode
and charge. When you need to identify a particle in the user hook routines, you may use the
#include "Zcode.h" directive and refer the code names in that file rather than code numbers.

The following list is the names that represent the particles in Cosmos. They are roughly in the

order of mass. The code for a heavy nucleus such as deuteron, alpha, ... is not available when you

judge particle type in air shower. It can be used to specify the primary particle type only. To

judge a particle type of a nucleus in air shower, you may use kgnuc for particle code, and if it

matches, you can identify the nucleus by testing the subcode and charge; the subcode expresses

the mass number (A). To specify a primary you can also avoid using the naming below but use
‘iso 3 2' , for example, to express JHe.

Table 5.1 particle code

particle code name code number particle code name code number
photon kphoton 1 electron kelec 2
muon kmuon <! pion kpion 4
kaon kkaon 5 nucleon knuc 6
Ve kneue 7 Vy kneumu 8
nucleus kgnuc 9 triton ktriton 17
He kalfa 10 LiBeB(A~8) klibe 11
CNO(A~14) kcno 12 H(A~25) khvy 13
VH(A~35) kvhvy 14 Fe(A~56) kiron 15
D meson kdmes 16 p krho 25
A klambda 18 Ac klambdac 21
b ksigma 19 = kgzai 20
w komega 26 o] kphi 27

n keta 28 deuteron kdeuteron 29 27
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« Lateral=DLL T&)H L TH 5D
« Application/Example/Lateral/--- &9 %
« ./Scrpt/CompileExampleByCMake.sh Application/Example/Lateral
« cd Application/Example/Lateral
o ./cosmosLinuxGfort < param > out
« out?d H SIHERMERD
« ZUETERTHD
« Neutrino*> hadron®b#x T#H# & 5 (PDG->T?)
AFTHRIF protonZ gammall L TH L 5
AT RILF—ZZT R TH LD
RAMDH TIEAE L, x,y9omQRT)ICLTH LD
leventZ & Tldi <, ®eventDEETAEL TH LD
BHEOBET lateralofm x> THa LD
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