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Abstract

Extensive Air Shower Simulation with CORSIKA:
A User’s Guide

CORSIKA is a detailed simulation program for extensive aowers initiated by high energy
cosmic particles. The user’s guide explains the instaltatif the code, all the necessary input
data sets, the selection of simulation parameters, andrinetsre of the program outputs.

Zusammenfassung

Simulation ausgedehnter Luftschauer mit CORSIKA:
Eine Benutzeranleitung

CORSIKA ist ein Programm zur detaillierten Simulation varsgedehnten Luftschauern, die
durch hochenergetische kosmische Strahlung ausgelasiene Die vorliegende Anleitung
erlautert die Installation des Programms, alle notigamg&bedateien, die Wahl der Simula-
tionsparameter und die Struktur der Ausgaben des Programms
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1 Introduction

CORSIKA (COsmic Ray Simulations forKAscade) is a detailed Monte Carlo program to
study the evolution and properties of extensive air showettse atmosphere. It was developed
to perform simulations for the KASCADE experiment [1] at Ksauhe in Germany. This exper-
iment measured the elemental composition of the primargn@osadiation in the energy range
3 x 10" to 1 x 10'7 eV and after its upgrade to KASCADE-Grande [2] it is reachifg’ eV.
The CORSIKA program [3] allows to simulate interactions atetays of nuclei, hadrons,
muons, electrons, and photons in the atmosphere up to esafisome 02° eV. It gives type,
energy, location, direction and arrival times of all secanydparticles that are created in an air
shower and pass a selected observation level.

CORSIKA is a complete set of standard®TRAN routines. It uses no additional program
libraries for the simulation of air showers. Thereforepis on (almost) every computer where
FORTRAN is available.

The CORSIKA program consists basically of 4 parts. The figst {3 a general program frame
handling the in- and output, performing decay of unstabtégas, and tracking of the particles
taking into account ionization energy loss and deflectiomiojtiple scattering and the Earth’s
magnetic field. The second part treats the hadronic inferecbf nuclei and hadrons with the
air nuclei at higher energies. The third part simulates #ardnic interactions at lower energies
and the fourth part describes transport and interactionesftrens, positrons, and photons.
CORSIKA contains several models for the latter three pnogparts that may be activated
optionally with varying precision of the simulation and somption of CPU time.

High-energy hadronic interactions may be treated by onleeofitodels: The Dual Parton Model
DPMJET [4], the simple Monte Carlo generator HDPM [5] whishnspired by the Dual Par-
ton Model and tries to reproduce relevant kinematical dhigtrons being measured, the quark-
gluon-string model QGSJET [6, 7], the mini-jet model SIBY[&, 9], or VENUS [10]. As a
sixth alternative there is added a link to theXus model [11], which combines algorithms of
VENUS and QGSJET with new ideas, based on H1 and Zeuss dadagimodel included is
EPOS [12]. It is based on theeXus framework but with important improvement concerning
hard interactions and nuclear and high density effect.theésonly model available here repro-
ducing most recent RHIC data. The hadronic interactionseeextions at higher energies are
adopted according to the used model.

The low-energy hadronic interactions are simulated adtigraly with one of the codes: FLUKA
[13], a very refined model with many details of nuclear eSe @GHEISHA [14], that is a well
approved detector Monte Carlo program in the energy regmmousome hundred GeV, or
UrQMD [15], which describes microscopically the low endig@adron-nucleus collisions.
The interactions of electrons and photons can be treateeraitith the EGS4 code [16] follow-
ing each particle and its reactions explicitly, or usingahalytic NKG formulae [17] to obtain
electron densities at selected locations and the total Bunftelectrons at up to 10 observation
levels.

Further on it is optionally possible to explicitly gener&hkerenkov light in the atmosphere, to
handle electronic and muonic neutrinos and anti-neutriand to simulate showers with flat
incidence. Recently the HERWIG [18] interaction routinesédn been linked [20] with COR-
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SIKA to handle primary neutrinos. To shorten the computinges for ultra-high energy show-
ers abovel 0! eV the thin sampling option exists, by which only a fractidrtiee secondary
particles is followed in the shower development. Theretsxas well a program version that is
not suited for air shower simulation but for testing the loads interaction models.

A detailed description of the CORSIKA program frame, thedusess-sections, the hadronic
interaction model HDPM, the electromagnetic interactiordels, and the particle decays has
been published in Ref. [3]. For details of the DPMJET, EPQS{uUs, QGSJET, SIBYLL,
VENUS, FLUKA, GHEISHA, UrQMD, and EGS4 programs see Refs.12, 11, 6, 7, 8, 10,
13, 14, 15, 16]. However, minor modifications were made t@e¢heodes to adapt them for
simulation of extensive air showers. A comparison of theowsr hadronic interaction models
is given in Ref. [21, 22].

Besides the explanation [3] of the physics implemented ilRSKA, this CORSIKA GUIDE

is a supplementary description of the technical handling) lmmning of CORSIKA6990. It
contains information about the installation of the progréme required input data, file formats,
parameter settings, outputs, and other technical def#ilis. CORSIKA GUIDE is an updated
version of Ref. [23].

Forcitation of CORSIKA in your publications you might use Ref. [3] which is available from
the CORSIKA www-page http://www-ik.fzk.de/corsika/

Please do not forget also to makeederence to the hadronic |nteract|on modelswvhich you
used in your simulations. The correct references you finterbibliography (page 127) of this
CORSIKA GUIDE and (inAIgX format) in the file referencegex’ (see directorygloc/ ).

If you have problems in installing or running the programggestions to improve the code
concerning physics, computing, or handling, please ctntac

Dr. T. Pierog Dr. D. Heck

Karlsruhe Institute of Technology Karlsruhe Institute of Technology
Institut fur Kernphysik Institut fur Kernphysik
Hermann-von-Helmholtz-Platz 1 Hermann-von-Helmholtz-Platz 1
D-76344 Eggenstein-Leopoldshafen D-76344 Eggenstein-Leopoldshafen
e-mail: <tanguy.pierog@kit.edu e-mail: <dieter.heck@kit.edu

Fax: +49-(0)721-608-24075 Fax: +49-(0)721-608-24075

Tel.: +49-(0)721-608-28134 Tel.: +49-(0)721-608-23777

All users of CORSIKA are kindly askedot to hand over the program to interested new
users but rather to send their name and address to the above addréBy these means new
users can be provided with news about the latest progranoweesror corrections, and updates.
Thus problems with outdated versions should be avoided.
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2.1

Installation

CORSIKA Files

The CORSIKA 6.9 set is distributed as a gzipped .tar file gimgj of several files and directo-

ries:
[ ]
[ ]

a file READMEgiving these short instructions how to proceed,

an executable shell script ficonutto be used to install CORSIKA,

a file AUTHORSgiving the names of authors,

a file COPYINGgiving copyright instructions,

a file ChangelLogiving the CORSIKA history,

a file INSTALLgiving detailed instructions how to useoconuto install CORSIKA,
a file NEWSgiving latest news about CORSIKA,

a file cDO_NOT_RUN.CONFIGUREto remind users not to use
Jconfigure but ./coconut instead,

files Make file.am,Makefile.in, acinclude.m4, aclocal.m4,con figure.in, con figure.
These files and the subdirectoegnfig/  are needed for the installation and should
not be changed unless you know exactly what you are doingsuktlirectories have a
Makefile.am and aM ake file.in which are needed byon figure to create the proper
Makefiles.

a subdirectonybernlohr/  containing ‘bernlohr’ packade It is a set ofC-routines
for Imaging Atmospheric Cherenkov Telescopes (IACT) anduse of external atmo-
spheric profiles in the ATMEXT option; several atmospherafjesatmprof.dat  are
included together with various auxiliary files. This packag provided by K. Bernlohr.

a subdirectorycoast/ where to install the COAST packag# needed. The COAST
package is available fromttp://www-ik.fzk.de/"rulrich/coast and con-

sists of C++-routines which might be used in combination with the ROOTO&hd

ROOTRACK options,

a subdirectorgloc/ containing:
— a postscript fil&cCORSIKAPHYSICSs containing the physics description of COR-
SIKA (Report FZKA 6019) (The filCORSIKAPHY SICSodf contains it in Acrobat
format.),

2bernlohr-1.44tar.gz is automatically extracted if needed.
3COAST _cors.tar.gz is automatically extracted if needed.
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— a postscript filaACORSIKAGUIDE69xxps giving this User’'s Guide (The fileOR-
SIKA GUIDEG9xxpdf contains it in Acrobat format.),

— a file references.tex giving the actual references to CORSIKA and the hadroni
interaction models irf[eX format (to be used in your publications),

e a subdirectorylpmijet/ containing source files of the DPMJET-11.55 model
(dpmjet253c.f,, dpmjet254.1, dpmjet255c.f, dpmjet256¢.1),

e a subdirectorepos/ containing the source package for the EPOS nfodel

e a subdirectonjherwig/  where to install HERWIG and containingREADMEfile in-
side,

e a subdirectorynclude/  containing thecon fig.h.in file which is needed bgonfigure
to do config.h. The fileconfig.h contains all the preprocessor commands needed by
CORSIKA.

e a subdirectoryib/  together with a script filéibtool are created when compiling COR-
SIKA. The subdirectory contains all object files and libeati

e a subdirectorynexus/ containing the source package for theXus modep.

e a subdirectorypythia/  where to install PYTHIA and containing README.corsika
file inside,

e a subdirectoryun/ to be used to run CORSIKA containing:

— 14 data sets containing the energy dependent cross-seétiomucleon-nucleus
processesNUCNUCCS, for electromagnetic interactions (6 s&&SDATEX.X),
for QGSIETO01QGSDATO0IandSECTNUY), for QGSJET-II éectnu-11-03 (because
of its size theqgsdat-I1-03file has to be downloaded separately and copied fiere)
numerical data to be used by the VENUS routindENIUSDAY, cross-section ta-
ble for UrQMD UrQMD-(VER-xsdat) and for the DPMJET routines the Glauber
tables GLAUBTARDAT) and nuclear datdN\UCLEARBINT),

— 3 data setatmabsdat, mirreff.dat, andquanteffdat to take into account the atmo-
spheric absorption, mirror reflectivity, and quantum edirdy of Cherenkov radia-
tion,

— 6 input examplesd]l-inputs*, nexus-inputandepos-inputsto steer the simulation
with any model (with/out thin and stackin), witteXus or with EPOS,

4epos199_cors.tar.gz is automatically extracted if needed.

Snexus3.97_cors.tar.gz is automatically extracted if needed.

5This file is in a binary format and is only available for LINUXaohines on the CORSIKA ftp server. Users
of other systems should let the computer recalculate tiEsfithe first run. It takes about one day of computing
time.

"The NUCLEARBIN file may be used only with those computers (DEC-UNIX, LIX) applying the IEEE
standard for direct access read and write. For other comp(id=C-VAX, HP) a differenNUCLEARBIN file is
necessary which is available from CERN or from the authorBMJIET <johannes.ranft@cern.ch
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— the binary files of CORSIKA after compilation.

e a subdirectorgrc/ containing:

— the major part of the source cod@f(sika.F andcorsika.h) which is a ©RTRAN
code file with som&-preprocessor commands, that contains the code of CORSIKA
including the EGS4 and HDPM model routines. It contains #feointerfaces to
FLUKA, GHEISHA, UrQMD, DPMJET, EPOSNEXUS, QGSJET, SIBYLL, and
VENUS, but without those hadronic interaction codes,

— 5 separate files with puredRTRAN code of the GHEISHA, QGSJETO1c, QGSJET-
[1-03, SIBYLL2.1, and VENUS routinegyheisha_2002d.f, qgsjet01c.f, qgsjet-
11-03.1, sibyll2.1.f, andvenus.f),

— 2 separate files with the pu@code of the PRESHOWER and STACEk ¢shw.c
andstacee.c),

— 2 FORTRAN routines to read the binary CORSIKA particle output files-6ikaread.f
andcorsikaread_thin.f are compiled the first time CORSIKA is compiled and in-
stalled inrun/ ),

— 2 specialC-routines needed for compilatioti{uerc.c andtrap fpe.c),

— a routine plottracks3c.f) and its include file ork.inc) to visualize shower plots
established with the option PLOTSH.

— a C-routine map2png.c to visualize the shower plots established with the option
PLOTSH2.

¢ a subdirectoryurgmd/ containing the source package of the UrQMD médel

The CORSIKA code and the files belonging to it can be obtainech fKarlsruhe Institute of
Technology by anonymous ftp. Before access the host nameuwfopmputer is checked for
authorization. If you want to transfer CORSIKA files to yowneputer system you might pro-
ceed as follows (commands that you have to type are unddyline

ftp ftp-ik.fzk.de

Trying 141.52.67.78...

Connected to ikserv.fzk.de.

220 ftp-ik FTP server (Version [number & date]) ready.

Name (ftp-ik.fzk.de:username): anonymous [or ftp ]

331 Guest login ok, send your complete e-mail address as pass word.
Password: (your _mail _address)

230- PROBLEMS

230- If your FTP client crashes or hangs shortly after login p lease try
230- using a dash (-) as the first character of your password. This will
230-  turn off the informational messages that may be confusi ng your FTP

230- client. Administrative contact: bekk@ik.fzk.de

8urqmdl.3_cors.tar.gz is automatically extracted if needed.
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230-

230-

230- Welcome to ftp-ik.fzk.de, the

230- kkkok I NF O and S O F T Server  #xrrex

230- Forschungszentrum Karlsruhe, Institut fuer Kernphys ik

230- KASCADE Collaboration Karlsruhe

230-

230-

230- current directory: / local time: [date & time]

230- You are user number # out of a possible total of 10 in your d omain class
230- All transfers to and from ftp-ik.fzk.de are logged. If y ou don't like this
230- then disconnect now!

230-

230- Guest login ok, access restrictions apply.
Remote system type is UNIX.

Using binary mode to transfer files.

ftp > cd pub/corsika/v690

250 CWD command successful.

ftp > mget =

mget corsika-6990.tar.gz? vy

ftp > quit

221-You have transferred # bytes in # files.

221-Total traffic for this session was # bytes in # transfers
221-Thank you for using the FTP service on ftp-ik.fzk.de.
221 Goodbye.

For faster transmission we have compressedctiteika-6990.taffile. Before using this file
first you have to decompress it by applying the ‘gunzip’ pchoe.

If you are not successful to fetch files from the subdirecpary/corsika/v690 (because
of ‘permission denied’ or 'No such file or directory’), thettepse try to copy th@EADME
file located in the subdirectorgub/ . This file has no limited access and should be read-
able by you. If you have copied thREADME file successfully please send an e-mail to
<tanguy.pierog@kit.edu or <dieter.heck@kit.edy. The automatic registration of each ac-
cess to this file from outside gives a hint what to change tblengur access to the CORSIKA
files.

The files belonging to FLUKA are collected in an object fileréity. This library and the
necessary data files are distributed by the FLUKA orgarorator different computers and
compiler versions. You find further details on the web padptp://www.fluka.org/

The files belonging to the HERWIG code may be downloaded fitoenteb page:
http://hepwww.rl.ac.uk/theory/seymour/herwig/
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2.2 Program File Preparation

By unpacking theorsika-6990.tafile with the command
tar xvf  corsika-6990.tar
the file structure of CORSIKA will be established. To ins&DRSIKA you type

.Jcoconut

(no argument) and answer the questions ... it's done !

The main source file igorsika.F with all common blocks imorsika.h. 1t's a FORTRAN source
file with someC-preprocessor commands which allows optional compilatibsome part of
the code. It uses standatdake file and compiler options, and therefore doesn’t require any
special software to be installed on your macHin&Jsing the shell scriptoconut the user
can interactively select the specific CORSIKA version far &ypplication and compile it to get
directly ready-to-run executable binary files in than/ subdirectory. Computer dependent
options andM ake files are prepared automatically by the shell script figure called by
coconut Thecon figure is a standard portable shell script used together widlte by GNU-
packages to be installed, buin figure shouldNOT be used directly to get a proper installation
of CORSIKA. Thecoconutshell script has been designed to get a “user friendly” nrachi
dependent installation, so that binary files can be compiiguarallel from the same source
directory but on different systerifs(in a large computer farm for instance). All object files
and libraries are “hidden” in &b/  subdirectory. If you already used a former version of
CORSIKA, and you want to use @rsika_compile file.f as before, you can optionally save
this file during the installation process to compile it yaaifs

The coconutscript checks for all options if they can be used on your caempso comments
appearing during the installation should be read carefully

2.2.1 Options

At present CORSIKA versions may be generated with the fallgvihadronic interaction mod-
els with their cross-section (for determining the mean frath between the interactions) using
the options:

DPMJET selects DPMJET 2.55 routines for the simulation of high gpéradron-nucleus and
nucleus-nucleus collisions. Also the DPMJET cross-sastare selected.

EPOSselects the EPOS routines for the simulation of high eneaglydn-nucleus and nucleus-
nucleus collisions. Also the EPOS cross-sections aretselec

NEXUS selects thaleXUs 3.97 routines for the simulation of high energy hadron-ausland
nucleus-nucleus collisions. Also theXus 3.97 cross-sections are selected.

9A shell terminal, a&C-compiler and a BRTRAN compiler are included in any UNIX based system.
1%1n principle, any system could be used, but only LINUX, MacXQ®ec OSF, SunOS, AlX have been tested.
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QGSJET selects QGSJETO1c routines for the simulation of high gnbaglron-nucleus and
nucleus-nucleus collisions. Also the QGSJETO01c crosBesexare selected.

QGSII selects QGSJET-II-03 routines for the simulation of higlergy hadron-nucleus and
nucleus-nucleus collisions. Also the QGSJET-II-03 cresstions are selected.

SIBYLL selects SIBYLL 2.1 routines for the simulation of high-agehadron-nucleus and
nucleus-nucleus collisions. Also the SIBYLL cross-settiare selected.

VENUS selects VENUS routines for the simulation of high-energyrba-nucleus and nucleus-
nucleus collisions. Also the VENUS cross-sections arecsete

FLUKA selects the FLUKA 2011 modélfor the simulation of low-energy hadron-nucleus
collisions. Always the appropriate FLUKA cross-sections ased. This option may be com-
bined with all high energy interaction models excluding DM 2.55.

GHEISHA selects the GHEISHA 2002d routines for the simulation of-wergy hadron-
nucleus collisions. Always the appropriate GHEISHA cresstions are used. This option may
be combined with all high energy interaction models.

URQMD selects the UrQMD 1.8ors routines for the simulation of low-energy hadron-pusl
collisions. Always the appropriate UrQMD cross-sectiores@sed. This option may be com-
bined with all high energy interaction models.

Thedefault setting obtained without specifying any option is QGSJEF.|6w-energy hadronic
interactions the GHEISHA model is taken.
In addition to these options you may select the followingopoeessing options:

ANAHIST selects code to generate a histogramdilennnnnn.lhbook for a short analysis of
essential properties of the particles arriving at grousdt(s usually performed for the showers
simulated at Lyon for the Auger experiment). This optiondseknking with the CERN library
to get the routines of the HBOOK and ZEBRA packages [24].

ATMEXT selects code for treatment of the atmosphere according to MEAN model for var-
ious atmospheres by tabulated values. ATMEXT is recomméndtd the CERENKOV option
for careful treatment of refractive index. This option lenwith (compiled)atmac, fileopenc,
andstrauxc routines of the ‘bernlohr’ package.

AUGCERLONG selects code to fill the Cherenkov column in the table givirglongitudinal
particle distribution.

I As there exist several FLUKA libraries suited for differeaimputers, the preprocessor-optldhUX  will
be automatically selected if you have a LINUX system for a@ctrextraction of the code to be coupled with the
LINUX variants of the FLUKA libraries.



AUGERHIST selects code to generate a histogramditennnnnn.lhbook, containing vari-
ous histograms of different particle types at up to 20 valtatmospheric depths to follow the
development of shower properties, which are of interestiferAuger experiment (Cherenkov
and fluorescence photon production). This option needs bl Dption and linking with the
CERN library to get the routines of the HBOOK and ZEBRA pad®fp4].

AUGERINFO selects code which writes a file namé&tdATnnnnnn.info instead of D AT -
nnnnnn.dbase file.

CEFFIC selects code to respect the atmospheric absorption, méftectivity, and photomul-
tiplier quantum efficiency of Cherenkov light. This optiandnly available in connection with
the CERENKOQV option.

CERENKOV selects code for additional generation of Cherenkov lifjimeeds the simulation
with EGS4.

CERWLEN selects Cherenkov code including the wavelength depemyem@ration of Cher-
enkov photons and respects their wavelength dependeactiein of the atmosphere. This
option is only available in connection with the CERENKOV iopt

CHARM selects code for the explicite treatment of charmed pagi@nly in connection with
interaction codes which produce them) anditHepton rsp. the-neutrinos (in connection with
the NEUTRINO or NUPRIM option). CHARM excludes the TAULEPtam.

COMPACT selects a compacted output format for the particle file (MPATAP) which is
different from the standard output, but better suited fomdations of very large numbers of
low energy showers, which produce mostly no or only very fertiples.

CURVED selects special code to treat showers with large zenitreafigt < 6 < 90°.
EHISTORY selects additional code to bring (in combination with the MXDI or EMADDI
keyword) additional information on the muon and/or electamd photon histories to the parti-
cle output file.

IACT selects code for simulation dimagingAtmosphericCherenkovT elescope arrays. This
option is only available in connection with the CERENKOV ioptand links with (compiled)
iact.c routines of the ‘bernlohr’ package.

IACTEXT selects code for extended interfacing with thet.c routines of the ‘bernlohr’ pack-
age. This option is only available in connection with the TAR€ CERENKQV option.

INTCLONG selects the longitudinal distribution of Cherenkov phatonlongitudinally inte-
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grated form. (The default gives the generation of phote@g/so called differential longitudi-
nal distribution.) INTCLONG excludes the NOCLONG optiorhi3 option is only available in
connection with the CERENKOV or AUGCERLONG option.

INTTEST selects special features for the test of the interactionaisagheeds routines of the
HBOOK and ZEBRA packages [24]). This option is not suiteddatensive air shower simu-
lation.

LPM selects those EGS4 routines which include the LPM-effadtwithout using the THIN
option.

NEUTRINO selects code by which neutrinos emerging from pion, kaoth,;anon decays are
tracked explicitly but without interaction.

NOCLONG deselects the longitudinal Cherenkov photon distributiNCLONG excludes
the INTCLONG option. This option is only available in contiea with the CERENKQV or
AUGCERLONG option.

NUPRIM selects the HERWIG code to treat the first interaction of enpriy neutrino.

PLOTSH selects code which enables plotting the tracks of the ele@gnetic, muonic, and
hadronic particles to demonstrate the development of ashoptically.

PLOTSH2 selects code which enables plotting the tracks of the eleagnetic, muonic, and
hadronic particles to demonstrate the development of ashoptically, avoiding the large out-
put files of PLOTSH.

PRESHOWER selects routines for coupling with@program package to describe the interac-
tion of primary gammas with the Earth’s magnetic field at Ee€rgies and to treat the resulting
swarm of em-particles falling onto the top of atmosphereresshower.

ROOTOUT selects routines for writing the particle output iroat file e.g. for off-line analysis
of the particle output byoot routines (COAST package).

ROOTRACK selects routines for writing the particle output (arrivingin inclined observation
plane) to the fileD ATnnnnnn.inclined.binary by routines of the COASTUSER LIB package.
It is also necessary for simulating radio emission with RE25.

SLANT selects a slant depth scale for the longitudinal distrdngiinstead of the vertical depth
scale used otherwise.

STACEE selectsC-routines to write the Cherenkov output in the format whisln use with
the STACEE experiment [26].
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STACKIN selects code to read in the parameters (type, energy, majrafrgecondary parti-
cles resulting from the interaction of an exotic primary (R) which has been treated off-line
by a separate program.

TAULEP selects code for the explicite treatment of th&epton rsp. ther-neutrinos (in con-
nection with the NEUTRINO or NUPRIM option). TAULEP excluslthe CHARM option.

THIN selects the thinning mechanism to reduce the computingfomfell simulations, espe-
cially for EGS4, and activates the LPM-effect.

UPWARD selects code to treat upward going patrticles. This optieats$r particles in the up-
ward direction (zenith angle 90°).

VIEWCONE selects the primary direction to come from a cone around d foemith and az-
imuth angle.

VOLUMECORR selects the angular dependence of the zenith angle disbrikas it is needed
for a vertical long string detector e.g. AMANDA (see page.4@he default takes the zenith
angle distribution as observed by a horizontal flat detector

VOLUMEDET selects the angular dependence of the zenith angle disbmbas it will be
observed by a volume detector e.g Cherenkov telescope ésge49). (The default takes the
zenith angle distribution as observed by a horizontal fleecter.)

The major part of the program is machine independent duestoettriction to BRTRAN stan-
dards. Nevertheless, there are a few points where compueeifis adaptations were necessary.
There are prepared options for PCs and work stations rururidgr UNIX (also LINUX) and
for Apple Macintosh computers. The versions are automiitiGaactivated for the following
options:

UNIX selects code for calculation on UNIX systems including \gsives like LINUX (e.g.
DEC-station under ULTRIX, ALPHA-station under DEC-UNIX[064])"3.

12Thanks tacon figure, coconutchecks your machine configuration and sets the proper aption

13Some UNIX machines (HP, IBM RS6000, and installations witdlGg77 compiler [e.g. LINUX]) need the
record length parameter RECL (used in the OPEN statemeihéoexternal stack MEXST) in bytes instead of
4-byte words. This holds also for DEC-UNIX running the f77wuiler with the option ‘-assume bytrecl’. For
easy adaptation the additional preprocessor-ofBMNERECL is available to enlarge the RECL-parameter by a
factor 4.

Most UNIX systems offer a system routiate and.time which overcomes the millenary border. In systems
without this internal routine the preprocessor-opt@nDDATE selects an older routine for date and time. The
similar optionOLDDATE?2 selects an alternative needed for PGF77 environment on KIldtforms (IN2P3
Computing Center at Lyon) or HP-UX machines (with the +Eli@pbf the fort77 compiler). This selection is
attainable only by giving 'coconut -e’ (expert mode of coat)n
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MAC selects code for calculation on a former 68k-APPLE Macintos

Within the corsika.F file the optional code for the various versions (to be ukeddyy the
preprocessor) is marked by

#if _ flag__
#else
#endif

blocks. If you are using a sequential computer other thaoties listed here you should try to
adapt the UNIX (or perhaps MAC) version to your machine as ihimost straight forward to
understand.

In the src/ subdirectory, theworsika.F file contains some explanations, the main program
with more than 115 subroutines and functions, the EGS4 nmesithe NKG routines, the
HDPM model routines, the interface routines to FLUKA, GHEIK UrQMD, DPMJET, EPOS
NEXUS, QGSJET, SIBYLL, and VENUS, the special routines for Chkoerlight generation,
the routines for generation of Auger-oriented histograamgl the interaction test routines. It
is about 68600 lines long. Thersika.h file (length about 4400 lines) contains the general
common blocks with their explanations. These common blac&sncluded into the source file
during preprocessing.

TheC-file timerc.c contains a ‘date and time’ routitienercfor those UNIX or LINUX systems
where the more modemhate and.time system routine is not available. The filgseshw.c and
stacee.c contain the PRESHOWER-routines and the STACEE-routines.

The gheisha_2002d.f, qgsjet-11-03.f, qgsjetOlc.f, sibyll2.1.f, andvenus.f routines are about
18200, 12200, 7500, 8100, and 18000 lines, respectively.

Because of its size the DPMJET code has been divided intottbpetipm jet253c.f, dpmjet-
254.f, dpmjet255c.f, anddpmjet256c¢.f with 42400, 2300, 41900, and 30000 lines each in the
dpmjet/ subdirectory.

The 30 UrQMD 1.3cors program files with the 12 include files are collected inithe urgmd-
1.3 cors.tar.g# file in urgmd/ subdirectory.

The 21 EPOS program files with the 6 include files and the 5 datadre collected within the
epos199%cors.tar.g# file in theepos/ subdirectory.

The 21NEXUS 3.97 program files with the 5 include files and the 4 data filescatlected
within the nexus3.9%ors.tar.g# file in thenexus/ subdirectory.

The preprocessor-optidBMRISC selects the routinegite andclock available on IBM RS6000 machines.

If necessary you might select the opticMERC or you should adapt subroutipetime to call the routines
of your system for date and time.

The optionBYTERECL , OLDDATE , OLDDATEZ2, IBMRISC , andTIMERC are only available in connec-
tion with the UNIX option and can not be selected if it's notated to your system.

4 Automatically unpacked if selected.
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The load modules of the FLUKA 2011 library routines and th&JKIA data files may be down-
loaded (after being authorized) from the official FLUKA wedge:

http://www.fluka.org/ and properly installed on your machine by setting the envi-
ronment variable FLUPR®. For further information on the FLUKA package you may cohsul
the FLUKA web page or contact A. Ferréxi

The HERWIG routines needed for the NUPRIM version may be doaded from
http://hepwww.rl.ac.uk/theory/seymour/herwig/ and adapted according to
the README file in theherwig/  subdirectory (see Sect. A.1 page 116).

The PYTHIA 6.412 routines [19] needed in connection with QES® for the treatment of
charmed patrticles or theleptons and--neutrinos may be downloaded from
http://www.thep.lu.se/"torbjorn/Pythia.html

into thepythia/  subdirectory (see Sect. 3.5.6 page 38).

The COAST and COASTUSERLIB routines needed for the ROOTOUT and ROOTRACK
version may be downloaded frohttp://www-ik.fzk.de/ rulrich/coast

2.2.2 Example

As an example, if you have the fitmrsika-699Qar.gz in the current directory, the installation
on a LINUX system will look like (commands you are giving arederlined):

> tar -zxf corsika-6990.tar.gz

> cd corsika-6990/

> ./coconut

Welcome to COCONUT (v2)
-- the CORSIKA CONfiguration UTility --

create an executable of a specific CORSIKA version

Please read the documentation for a detailed description

of the options and how to use it.

Try ’.Jcoconut -h’ to get some help about COCONUT

Use './coconut --expert’ to enable additional configurat ion steps.

(press 'Enter’ to select an option followed by "[DEFAULT]" or "[CACHED]")

15 Assumingesh shell one usessetenv FLUPRO flukadirectory
16 ~alfredo.ferrari@cern.ch or <alfredo.ferrari@mi.infn.it.
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* WARNING:

* Your system does support 64bit binaries.

* Some CORSIKA features are only supported in 32bit mode (beca use of
* incompatible binary data structures)!

* Therefore by default CORSIKA uses the "-m32" flag to force 32 bit mode.
* If you need to overwrite this feature (e.g. to link to a

* 64bit COAST/ROOT) use the expert mode "./coconut --expert"

* INFO:

* You are using the cached configuration from “include/confi g.h".

* To turn off this you may use the --no-cache option.

Which high energy hadronic interaction model do you want to u se ?

1 - DPMJET 2.55

2 - NEXUS 3

3 - QGSJET 01C (enlarged commons) [CACHED]

4 - QGSJET Il

5 - SIBYLL 2.1

6 - VENUS 4.12

7 - EPOS

r - restart make

X - exit make

(only one choice possible)
3

SELECTED: QGSJET

Answer the questions to select the options you want to us®RSIKA (see Sect. 2.2.1 page 7
and Sect. 3 page 24 for details). Press “Enter” to select tpgans marked by “[CACHED]".
After each question, you can choose to restart the instaliat the first question (“r”) or to
stop now (“x”).

If an option needs some other files, the installation progvéhtest if they exist . If a problem
occurs'®, the installation program will suggest the solution. Jusldw what is written.

"The bernlohr, epos, nexus, and urgmd packages will be atitathaunpacked in their subdirectories.
8Trying to use the CERN library when not installed for instanc
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Using the default options on a LINUX system, you will get:

Your final selection to build CORSIKA is:

options: HORIZONTAL QGSJETO01 GHEISHA TIMENEW

Configuration is finished. How do you want to proceed ?
f - Compiling and remove temporary files [DEFAULT]
k - Compile and keep extracted CORSIKA source code

n - Just extract source code. Do not compile!

r - restart

X - exit make

(only one choice possible):

At this point, you should press “Enter” (rsp. “f”). If you wérto see the code used to compile
your CORSIKA program, you can answer “k”, but this is not negthy the automatic compila-
tion. Finally the installation program creates proper Mdikes and then runmake install

to compile your CORSIKA program. Select “n” only if you waatrhodify the source code
before compiling or if you want to use your former instaltettitools, you prepared for an older
version of CORSIKA using a “compilefile.f”. This option walleprocess the source code, save
it in subdirectorysrc/ as “corsika” followed by the version number “6990”, an undeore
with the selected high energy hadronic interaction mé&dahd an underscore with the selected
low energy hadronic interaction modél(and an optional “int” if you select the “INTTEST”
option), and create thé&/ake files. But it will not runmake. See Sect. 11 (page 108) for more
details.

SELECTED . FINISH
checking whether to enable maintainer-specific portions o f Makefiles... no
checking build system type... x86 _64-suse-linux
checking host system type... x86 _64-suse-linux
checking for a BSD-compatible install... /usr/bin/instal | -c

checking whether build environment is sane... yes
checking for gawk... gawk

checking whether make sets $(MAKE)... vyes
checking for pgf77... no

YHDPM, DPMJET, EPOS, NEXUS, QGSJET, QGSII, SIBYLL, or VENUS.
20fluka, gheisha, or urgmd.
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checking for g77... @77

checking for Fortran 77 compiler default output file name.. . a.out
checking whether the Fortran 77 compiler works... yes

checking whether we are cross compiling... no

checking for suffix of executables...

checking for suffix of object files... o

checking whether we are using the GNU Fortran 77 compiler... yes
checking whether g77 accepts -g... yes

checking for cc... cc

checking whether we are using the GNU C compiler... yes

checking whether cc accepts -g... yes

checking for cc option to accept ANSI C... none needed

checking for style of include used by make... GNU

checking dependency style of cc... gcc3

It may take a while ...

checking do not compile binaries, just extract CORSIKA comp ilefile... (cached) no
checking to keep the CORSIKA compilefile... (cached) no
configure: creating ./config.status

config.status: creating Makefile

config.status: creating bernlohr/Makefile

config.status: creating dpmjet/Makefile

config.status: creating epos/Makefile

config.status: creating pythia/Makefile

config.status: creating herwig/Makefile

config.status: creating nexus/Makefile

config.status: creating urgmd/Makefile

config.status: creating src/Makefile

config.status: creating run/Makefile

config.status: creating doc/Makefile

config.status: creating lib/Makefile

config.status: creating include/config.h

config.status: executing depfiles commands

configure: Optional packages not found or deactivated on th is system: FLUKA COAST ROOT PYTHIA
Compile CORSIKA in "./././lib/Linux" and copy executab le in "../.[./run"

Making install in src

make[l]: Entering directory ‘../../../srC’
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cc -E corsika.F -DHAVE _CONFIGH -l../include -traditional-cpp -0 corsikacompilefile.f

g77 -O0 -g -fbounds-check -c -o corsika-corsikacompilefil e.o ‘test -f
‘corsikacompilefile.f || echo './"“corsikacompilefile f

if cc -DHAVE _CONFIGH -I. -I. -l../include -g -MT trapfpe.o -MD -MP -MF ".deps/tr apfpe.Tpo"
-c -0 trapfpe.o trapfpe.c;

then mv -f ".deps/trapfpe.Tpo" ".deps/trapfpe.Po"; else r m -f ".deps/trapfpe.Tpo"; exit 1; fi

g77 -O0 -g -fbounds-check -c -o corsika-qgsjetOlc.o0 ‘test - f 'qgsjetOlc.f’ || echo
".I*qgsjet0lc.f

g77 -O0 -g -fbounds-check -c -o corsika-gheisha 2002d.0 ‘test -f
'gheisha _2002d.f" || echo ’./“gheisha _2002d.f

/bin/sh ../libtool --mode=link g77 -g -fbounds-check -0 co rsika corsika-corsikacompilefile.o
trapfpe.o corsika-qgsjetOlc.o corsika-gheisha 2002d.0 -L/../../lib/Linux

mkdir .libs

g77 -g -fbounds-check -o corsika corsika-corsikacompilef ile.o trapfpe.o corsika-qgsjetOlc.o

corsika-gheisha 2002d.0 -L/../../lib/Linux
g77 -g -fbounds-check -c -o corsikaread.o corsikaread.f
/bin/sh ../libtool --mode=link g77 -g -fbounds-check -o co rsikaread corsikaread.o

g77 -g -fbounds-check -o corsikaread corsikaread.o

g77 -g -fbounds-check -c -o corsikaread _thin.o corsikaread _thin.f
/bin/sh ../libtool --mode=link g77 -g -fbounds-check -0 co rsikaread _thin corsikaread _thin.o
g77 -g -fbounds-check -o corsikaread _thin corsikaread _thin.o

g77 -g -fbounds-check -c -o plottracks3c.o plottracks3c.f

/bin/sh ../libtool --mode=link g77 -g -fbounds-check -o pl ottracks plottracks3c.o
g77 -g -fbounds-check -o plottracks plottracks3c.o

make[2]: Entering directory ‘../../../srC’

test -z "/./[./run" || mkdir -p -- . ".[.[./run"

/bin/sh ../libtool --mode=install /usr/bin/install -c ‘c orsika’ ‘../[..I..Irun/corsika’

/usr/bin/install -c corsika ../../../run/corsika

/bin/sh ../libtool --mode=install /usr/bin/install -c ‘c orsikaread’ ‘../../../run/corsikaread’

lusr/bin/install -c corsikaread ../../../run/corsikare ad

/bin/sh ../libtool --mode=install /usr/bin/install -c ‘c orsikaread  _thin’
“..I..I..Irun/corsikaread _thin’

{usr/bin/install -c corsikaread _thin ../../../run/corsikaread _thin

/bin/sh ../libtool --mode=install /usr/bin/install -c ‘p lottracks’ ‘../../../[run/plottracks’

/usr/bin/install -c plottracks ../../../run/plottracks
make[2]: Nothing to be done for ‘install-data-am’.
make[2]: Leaving directory ‘../.[../src’

make[l]: Leaving directory ‘../.[../src’

Making install in .

make[l]: Entering directory ‘../..[..

make[2]: Entering directory ‘../..[..

make install-exec-hook

make[3]: Entering directory ‘../..[..
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--> "corsika6990Linux _QGSJETgheisha" successfully installed in :

run/

--> You can run CORSIKA in run/ using for instance :

.Jcorsika6990Linux _QGSJETgheisha < all-inputs > output.txt

make[3]: Leaving directory ‘../[.[..
make[2]: Nothing to be done for ‘install-data-am’.
make[2]: Leaving directory ‘../[.[..
make[l]: Leaving directory ‘../[.[..

Now the installation is finished. As written, an executahleby file is copied into theun/
subdirectory where all data files are placed. The name offithiss composed by “corsika”
followed by the version number “6990”, the system name asrghwy theuname UNIX com-
mand, an underscore with the selected high energy hadmeiaction modél and an under-
score with the selected low energy hadronic interactionefiédand an optional ‘int” if you
select the “INTTEST” option). As a consequence, you carcseléferent model combinations
on different systems without any conffitt

2lHDPM, DPMJET, EPOS, NEXUS, QGSJET, QGSII, SIBYLL, or VENUS.

22fluka, gheisha, or urgmd.

23In case of conflict, using different options but with the sammdels for instance, the program will ask you if
you want to rename the binary file.
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2.3 DataFiles
2.3.1 Input Files

To run a simulation one needs to read several input files. Taes

e The Glauber tables to derive nucleon-nucleus and nucleaeus cross-sections from
hadron-nucleon cross-sections are listed in l@CNUCCSwhich is 2873 lines long.
They are read via logical unit NUCNUC (NUCleus-NUCleus matgions, by default
11).

e The cross-sections and branching ratios for the EGS4 resitine contained in the data
filesEGSDATG6x.x with a length of 3021 lines each. These files differ in thedst kinetic
energy to be followed within a range betweeMeV (x.x = 3.) andb0 keV (x.x = .05).
Only one of the sets is selected by the program and connextied logical unit KMPI (by
default 12) in a manner appropriate to the lowest energy eparticles specified by the
user. As the muon nuclear interactions use the routinesab pthotonuclear interactions,
always arEGSDATG6x.x file must be read in.

e The DPMJET routines need the Glauber tables na@GeAUBTARDAT. Additionally
some parameterized data contained within the datadiletab.dat are read in. The latter
will be generated at the first call within that directory fravhere you are calling COR-
SIKA. This calculation needs @0 min on DEC 3000/600 AXP witi75 MHz. Later
calls will read in this data filwomtab.dat. This file is written and read via logical unit
37, andGLAUBTARDAT is read via unit 47. The binary filiUCLEARBIN is read from
unit 14 and fits only for computers which read data in the diaecess mode according
with the IEEE conventions (DEC-UNIX, LINUX). For other manbks (DEC-VAX, HP)
a different binary file is needed, which you may get from CERNrom the author of
DPMJET <johannes.ranft@cern.ch

e The EPOS routines get user-specified parameters from ealsdibg via logical unit
EPOPRM (by default 97) and need some parameterized dataigedtwithin the data
files epos.inics, epos.iniev, epos.inilb, epos.inirj and epos.initl. If the latter files are not
existent or do not fit with the user-specified parameters; #re established in a time
consuming procedure (some0 h on a DEC 3000/600 AXP with75 MHZz).

e The NEXUS routines get user-specified parameters from a scratch fildogical unit
NEXPRM (by default 97) and need some parameterized dataiomat within the data
files nexus.inics, nexus.iniev, nexus.inirj, and nezus.initl. If the latter files are not
existent or do not fit with the user-specified parameters; #re established in a time
consuming procedure (somé0 h on a DEC 3000/600 AXP with75 MHz).

e The more recent QGSJET-1I-03 routines need some paramedetata contained within
the data filegygsdat-11-03and sectnu-1I-03 (The QGSJETOLc routines need some pa-
rameterized data contained within the data ilESSDAT0landSECTNU. They will be
generated at the first call within that directory from wheoiyare calling CORSIKA.
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This generation is time consuming (et dayson a 1GHz Pentium LINUX or DEC-
ALPHA 1000 XP for QGSJET-II-03 rs30 h on DEC 3000/600 AXP with75 MHz for
QGSJETO1c). Later calls will read in these data fdgsdat-II-03andsectnu-11-03(rsp.
QGSDAT0IandSECTNU). These data files are written and read via logical units 12and
Attention: The ggsdat-11-03file will have a size of~ 131 MB.

e The STACKIN option needs the parameters (type, energy, mayhef the secondary
particles coming from the interaction of an exotic primarnaiseparate file. Its file name
is specified by the keyword INFILE (page 56). The first line log ffile contains (for-
mat free after a leading blank) the number of secondarieshangrimary energy (GeV).
The following lines contain the current particle numbee tarticle type, the energy
(GeV), the longitudinal momentum, and the two transversenerda (GeV/c) in the for-
mat (215,4(1X,E15.7)). The momenta are relative to thedtiioa of the (exotic) primary
defined by THETAP (page 53) and PHIP (page 54).

e The VENUS option reads the fikENUSDATwhich contains parameterized structure
function integrals and is 2051 lines long. The file is readl@@cal unit 14.

e The FLUKA option needs various data files from the FLUKA lity;aso you should set
an environment variable pointing to the FLUKA libraty

e The URQMD option looks for the existence of ttablesdat decay width file. If this file
exists, it is read in, otherwise the decay width tables al@itzted and this file is created.

e The ATMEXT option needs tabulated atmosphere input dath@MODTRAN model
contained in theatmprof.dat  files which are read in by thatmac routines of the
‘bernlohr’ package. Details are given in the comments ab#iginning ofatmac and in
the documentation supplied with the ‘bernlohr’ package.

e The CEFFIC option reads the atmospheric absorption @in@bsdat, photomultiplier
guantum efficiency tablguanteffdat and/or mirror reflectivity tableirreff.dat via logical
units MCERABS (by default 20), MCERQEF (by default 21), an@ERMIR (by default
22) respectively.

e Besides these data files CORSIKA needs the input of steeeggdrds to select the
subject and the parameters of the simulation. They have sojmelied by the user. They
are read via logical unit MONIIN (MONItor INput, by defaul)5 The format of the
steering keywords and their effect is described in detelent. 4 (page 51 ff.). Examples
are given on page 85 and in the file ‘inputs’.

All these files are placed in threin/  subdirectory, where the program can be run. Using the
DATDIR keyword (see page 75) the data input files may be plasexh arbitrary directory
(with exception of FLUKA data files and the steering input filgh the keywords).

24 Assumingesh shell one usessetenv FLUPRO flukadirectory
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Unit name default| I/O | File name and file
MONIIN 51 1 input, steering keywords
MONIOU 6 | O | simulation control output on line printer
MDEBUG 6 | O | debug outputif DEBUG it selected
NUCNUC 11| | | NUCNUCCS, nucleus-nucleus cross-sections
MPATAP 90 | O | DATnnnnnn, particle output and simulation results
MEXST 96 | I/O | external particle stack, scratch file
1| /O | epos.inics, various tables for EPOS
1| /O | epos.iniev, various tables for EPOS
1| /O | epos.inilb, various tables for EPOS
1| /O | epos.inirj, various tables for EPOS
1| /O | epos.initl, various tables for EPOS
1 | I/O | nexus.inics, various tables fanexXus
1 | I/O | nexus.iniev, various tables forEXUS
1| /O | nexus.inirj, various tables foNEXUS
1| /O | nexus.initl, various tables foNEXUS
1| /O | qgsdat-11-03(rsp. QGSDATO), various tables for
qgsjet-11-03 (rsp. QGSJETO1c)
2 | /0 | sectnu-11-03rsp. SECTNU, nucleus-nucleus cross-sections
for qgsjet-11-03 (rsp. QGSJETO01c)
LUNOUT 11| O | control output of FLUKA
KMPI 12| | EGSDAT6x.Xx, EGS4 cross-sections
14 | | | VENUSDATstructure function integrals for VENUS
NBERTP 14| | NUCLEARBIN, nuclear data for DPMJET and FLUKA
LUNERR 15| O | erroroutput of FLUKA
MCERABS 20 | | | atmabsdat for atmospheric absorption of Cherenkov
light (CEFFIC option)
MCERQEF 21| | | quanteffdat for photomultiplier quantum efficiency
of Cherenkov light (CEFFIC option)
MCERMIR 22| 1 mirreff.dat for mirror reflectivity of Cherenkov light
(CEFFIC option)
LSTCK 23| | | STACKIN input data file
ifcx & ifch 31| O | EPOS omEeXus check file (not opened)
ifhi 35| O | EPOS omEXuUs histo file (not opened)
IUNIT 37 | I/O | pomtab.dat, various data for DPMJET
MDBASE 45| O | DATnnnnnn.dbase (rspD AT nnnnnn.info), run
summary file for use in an air shower library
MTABOUT 46 | O | DATnnnnnn.tab, table output of, e*, andu*
47 | | | GLAUBTARDAT, Glauber tables for DPMJET
MLONGOUT 48 | O | DATnnnnnn.long, output of longitudinal particle
numbers and energy deposit
ifdt 51| O | EPOS omEXusdata file (not opened)
ifcp 52| O | EPOS omEXus copy file (not opened)
LUNHST 53| O | histogram output file for ANAHIST/AUGERHIST vers.
LUNPLT 54 | O | histogram output file for INTTEST version
55| O | DATnnnnnn.<spec-_<proj>.map, output of PLOTSH2
55| O | DATnnnnnn.trackem, output of PLOTSH (em comp.)
56 | O | DATnnnnnn.trackmu, output of PLOTSH (muon comp.)
57| O | DATnnnnnn.trackhd, output of PLOTSH (hadron comp.
75 | 1/O | (tablesdat) decay widths tables for UrQMD
76 | 1/0 | (UrQMD-(VER-xsdat) total cross-section table for UrQMD
MCETAP 91| O | CERnnnnnn,Cherenkov photon output
NEXPRM 97 | I/O | EPOS omEXUS parameters, scratch file

Table 1: Logical units for in- and output with their defauttives and file names.
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2.3.2 Output Files

There are several streams of CORSIKA output:

One is control information about the simulation run its@is (standard) outptitcomes
via the logical unit MONIOU (MONItor OUtput, by default 6)nicase of a debugging run
very much information is written to the logical unit MDEBU®!0nitor for DEBUGging,
by default 6). Further details on this file are given in Sebt1ipage 92).

The second output stream contains the information abotialparticles that reach the
observation level. It gets the file nam®ATnnnnnn’ and is written onto the output
directory DSN (keyword DIRECT page 74) via output unit MPATAPArticle TAPe, by
default 90) as a 'sequential’ 'unformattedoRTRAN file?S. nnnnnn is the run number
specified in the keyword RUNNR (page 51). This output may h@psessed (see key-
word DIRECT and keyword PAROUT, page 74). Further detailshomfile are given in
Sect. 10.2 (page 94).

For the ROOTOUT version with an inclined observation planarery data output is
written to the file namedD ATnnnnnn.inclined.binary’. The format is identical to the
normal binary output data, besides the fact that all coatém are given within the in-
clined plane, with the origin at the intersection of the shoaxis with the inclined ob-
servation plane. Further details on this file are given in.Sdt4 (page 103).

Optionally a table of the number of the binned, e* andu* particles might be written
out to the file D ATnnnnnn.tab’ onto the output directory DSN (keyword DIRECT page
74) via output unit MTABOUT (TABIe OUTput, by default 46)nnnnnn is the run
number specified in the keyword RUNNR (page 51). To be aed/éty the keyword
PAROUT (page 74). Further details on this file are given intSE:7 (page 104).

The longitudinal distribution of particle numbers and gyedeposits can be written out
to the file ‘D ATnnnnnn.long’ onto the output directory DSN (keyword DIRECT page
74) via the unit MLONGOUT (LONGitudinal OUTput, by defaulB® nnnnnn is the
run number specified in the keyword RUNNR (page 51). This wipactivated by the
FLONGOUT flag (see keyword LONGI page 69). Further detailshosfile are given in
Sect. 10.6 (page 103).

Another (optional) output file contains the compressedmédion of the Cherenkov pho-
tons. It gets the file name&*F Rnnnnnn’ and is written onto the output directory DSN
(keyword DIRECT page 74) via output unit MCETAP (CErenkovP& by default 91).
nnnnnn IS the run number specified in the keyword RUNNR (page 51).

25Renaming this output taD ATnnnnnn.txt’ and redirecting it to the directory specified by the weyd DI-
RECT is convenient as by the shell commands ‘dir’ or ‘Is -I'fdés belonging to one run are displayed consecu-
tively which facilitates book-keeping.

26T0 read this data set theodRTRAN programsorsikaread.fsp. corsikareadthin.fplaced in thesrc/  directory
may be used.
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e To establish a summary file on the contents of an air showsariian optional output
file containing a run summary is written t&‘ATnnnnnn.dbase’ on the directory DSN
(keyword DIRECT page 74) via output unit MDBASE (Data BASk, default 45), ac-
tivated by keyword DATBAS (page 78)nnnnnn is the run number specified in the
keyword RUNNR (page 51). Using the AUGERINFO option the narhéhis file will
be ‘DATnnnnnn.info’ and the formats are adapted to the requirements ofAtiger
experiment. Further details on this file are given in Seci8 {fage 104).

e The PLOTSH files contain all tracking steps for each partidgté start and end point to
produce demonstration plots of the development of showEngy are written onto the
directory DSN via the units 55 (fileD ATnnnnnn.trackem’ for em-particles), 56 (file
‘D ATnnnnnn.trackmu’ for muons), and 57 (fileD AT nnnnnn.trackhd’ for hadrons)
(see Sect. 3.5.14 page 42pnnnn is the run number specified in the keyword RUNNR
(page 51).

e The PLOTSH2 map files are, basically, two-dimensional lgitos containing the num-
ber of tracks in each xy-/xz-lyz-bin. Details are given irctS8.5.15, page 42. The
map files are namedATnnnnnn<spec-_<proj>.map’, where<spec- stands for ‘em’,
‘mu’, or ‘hd’, and <proj> stands for ‘xy’, ‘xz’, or ‘yz’. They are written onto the dice
tory DSN via the unit 55nnnnnn is the run number specified in the keyword RUNNR
(page 51).

e The interaction test option INTTEST generates histograhwesr data are written to the
file with the name defined by keyword HISTDS (page 82) via thipouunit LUNPLT
(Logical UNit for PLoT, by default 52).

e The ANAHIST and the AUGERHIST options generate histograimsiy data are written
to the file nameddatnnnnnn.lhbook’ via the output logical unit 53:nnnnn is the run
number specified in the keyword RUNNR (page 51). Furtherildeata this file are given
in Sect. 10.5 (page 103).

During the calculation the program uses a temporary da{aaetich file) as an external particle
stack if the internal one is over-full. This data set is cartad to unit MEXST (EXternal STack,
by default 96).

The names of EPOS data filegos.inics, epos.iniev, epos.inilb, epos.inirj, and epos.initl may
be changed using the keyword EPOPAR (page 61). The parargitem in the keyword
EPOPAR are written to a scratch file connected to unit NEXPRMdefault 97). This file
is read by the EPOS routines when initializing EPOS.

Similarly, the names afEXus data fileshexus.inics,nexus.iniev, nexus.inirj, andnezus.initl
may be changed using the keyword NEXPAR (page 62). The paeasngiven in the keyword
NEXPAR are written to a scratch file connected to unit NEXPRiMXus PaRaM eters, by
default 97). This file is read by theeXUS routines when initializingiEXUS.

Some values of the in- and output units may be redefined bygihgtheir values in the corre-
sponding BLOCK DATA subprograms. Table 1 lists all unitsetiger with their default values
and the corresponding file names.
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3 Program Options

3.1 High-Energy Hadronic Interaction Models
3.1.1 DPMJET Option

DPMJET [4] (Dual PartonM odel withJETS) is a program developed to describe high-energy
hadronic interactions of hadron-nucleus and nucleusemsatollisions using the two-compon-
ent Dual Parton Model with soft chains and multiple minsjat each elementary interaction.
For CORSIKA the version DPMJET 2.55 is available.

For using DPMJET you first have to select the DPMJET optionrwestracting the BRr-
TRAN code from the source file. Th& akefile will automatically compilé&” dpmjet253c.f,
dpmjet254.f, dpmjet255c.f, dpmjet256c¢.f, together in a libraryibdpm.a and then link it with
the compiledyheisha_2002d.f code (rsp. UrQMD library) and with your CORSIKA program.
In your input file you may supply the keyword (page 60):

DPMJET T 0

Setting DPMJET to .falseF) the simple HDPM routines are used (see also Sect. 3.1.3 page
26).

If in your calling directory the data sebémtab.dat’ is not yet existent it will be calculated at
the first call of subroutingrblm2 (of dpmjet256.f) (which takes c20 min on a DEC 3000/600
AXP with 175 MHz). The DPMJET optioff needs about the same CPU-time as the VENUS
option (NKG enabled, EGS4 disabled) at primary energie$)tfeV. Technically it is possible

to use DPMJET up to the highest energies.

DPMJET activates also the inelastic hadron-nucleus gestens at higher energies which are
calculated by the subroutirkjsig. Nucleus-nucleus cross-sections are derived from the DPM-
JET nucleon-nucleon cross-sections using the Glaubexgatfl CORSIKA [3]. The DPMJET
cross-sections are selected automatically when the DPM@EGN has been used for extracting
the FORTRAN code from the source file. In your input file you may supply tegword (page
60):

DPJSIG T

Setting DPJSIG to .falseF] you will use the default cross-sections of CORSIKA as dbsdr
in Ref. [3].

It should be emphasized, that the DPMJET option cannot bdtwad with the FLUKA option
because of several identical common and subroutine naredsaxithin DPMJET and FLUKA.

2"The FORTRAN compiler options described in Sect. A.1 (page 114) are used.

28Experience shows that because of the complexity and theejsternal documentation of DPMJET not alll
possibilities for error stops or crashes are detected amihglted. These errors are difficult to trace back, and we
are not able to support users in those cases.
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3.1.2 EPOS Option

EPOS[12] (Energy conserving quantum mechanical multi-scattering@ggh, based oRartons,
Off-shell remnants an&plitting parton ladders) liketEXus combines features of the former
VENUS [10] and QGSJETOL1 [6] with extensions enabling a sateapolation up to higher
energies, using the universality hypothesis to treat tgk Bhergy interactions [11]. Compared
to NEXUS, many technical problems have been solved and the screefi@ugs have been sim-
plified using a more phenomenological approach mainly basethe recent RHIC data. In
addition, high density effects have been included. The mctstal version is EPOS 1.99.

For using EPOS you first have to select the EPOS option wheaatixtg the ORTRAN code
from the source file. ThéZake file will compile® epos .f  in thelibepos.a library and then
link it with the compiledgheisha_2002d.f code (rsp. FLUKA library or UrQMD library) and
with your CORSIKA program. In your input file you may supplytkeyword (page 60):

EPOS T O

Setting EPOS to .falseF] the simple HDPM routines are used (see also Sect. 3.1.%/helo
The standard parameters for EPOS are set in subroutisté of the epos-bas-xxx.f file. If in
your calling directory the data setpos.inics, epos.iniev, epos.inilb, epos.inirj, and epos.initl
are not existent or not compatible with the selected pararsethey will be calculated at the
first call of subroutinesaini of epos-sem-xxx.f (which takes som0 h on a DEC 3000/600
AXP with 175 MHz).

Normally all parameters of EPOS are set by subroudmeet(of the epos-bas-xxx.f file) called
from subroutinenexini In special cases it may be necessary to overwrite one or aidhese
parameters or to rename the data files to iderifys.inizx files established for different pa-
rameter sets. This is performed using the keyword

EPOPAR aaaaaaaaaa

in the input file (see footnote to keyword EPOPAR, Sect. 4&Jeg%61).aaaaaaaaaas a com-
mand line as described in the EPOS documentation. Thes@aaaaaadommands are written
onto the file connected with the logical unit NEXPRM (by déf&¥) and read by subroutine
areadof theeposbas-xxx.f file.

The EPOS option needs roughly 7.5 times more CPU-time tharnvE#NUS option (B =

10'° eV, NKG enabled, EGS4 disabled).

EPOS activates also the inelastic hadron-nucleus interactoss-sections at higher energies.
They are calculated by the subroutimexsig The EPOS cross-sections are selected automati-
cally when the EPOS option has been used for extracting dtrerRAN code from the source
file. In your input file you may supply the keyword (page 61):

EPOSIG T
Setting EPOSIG to .falseF] you will use the default cross-sections of CORSIKA as dbsdr
in Ref. [3].

Theepos-inputsn run/ subdirectory is an example input file to run CORSIKA with EROS

29The FORTRAN compiler options described in Sect. A.1 (page 114) are used.
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3.1.3 HDPM Routines

HDPM is a set of routines to simulate high-energy hadronic itezas. These routines are fast
and adjusted to experimental data where available. Pratoton interactions simulated with
HDPM and other models agree fairly well with each other (sek R1]). Experimental data are
however rare for high energy nucleon-nucleus or nuclewusens collisions and here the results
start to disagree due to the simpler modeling in HDPM. If anenterested in differences of
air showers induced by different nuclei one probably getsemealistic results by the detailed
simulation with other models (DPMJET, EPO$XUs, QGSJET, SIBYLL, VENUS) than
with the HDPM routines.

As the HDPM routines are default you have nothing to speciigmvextracting the BRTRAN
code from the source file. But the compileflcisha_2002d.f code (rsp. FLUKA library or
UrQMD library) will be linked with your CORSIKA program.

3.1.4 NEXUS Option

neXus[11] (NEXt generation otnified Scattering approach) combines features of the former
VENUS [10] and QGSJET [6] with extensions enabling a safeagxtlation up to higher en-
ergies, using the universality hypothesis to treat the leiglrgy interactions [11]. It handles
nucleus-nucleus collisions with an up to date theoretippt@ach. The most actual version is
NEXUS 3.97.

For usingNEXUs you first have to select the NEXUS option when extracting the fRAN code
from the source file. ThéZakefile will compile*® nexusxxx.f  in the libnexus.a library
and then link it with the compiledheisha_2002d.f code (rsp. FLUKA library or UrQMD
library) and with your CORSIKA program. In your input file yonay supply the keyword
(page 62):

NEXUS T O

Setting NEXUS to .false K) the simple HDPM routines are used (see also Sect. 3.1.3abov
The standard parameters fReXUS are set in subroutineaset of the nexus-bas.f file. If
in your calling directory the data setgzus.inics, nexus.inicsei, nexus.inidi, nexus.iniev,
nexus.inigrv, nexus.inirj, nexus.inirjei, andnexus.initl are not existent or not compatible with
the selected parameters, they will be calculated at thectutsbf subroutinensaini of nexus-
sem.f (which takes somi) h on a DEC 3000/600 AXP with75 MHz).

Normally all parameters aEXUS are set by subroutin@aset(of the nezus-bas.f file) called
from subroutinenexini In special cases it may be necessary to overwrite one or aidhese
parameters or to rename the data files to identifyus.inizx files established for different pa-
rameter sets. This is performed using the keyword

NEXPAR aaaaaaaaaa

in the input file (see footnote to keyword NEXPAR, Sect. 4.80¢62).aaaaaaaaaas a com-
mand line as described in theX us documentation. Thesmaaaaaaa@aommands are written

30The FORTRAN compiler options described in Sect. A.1 (page 115) are used.
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onto the file connected with the logical unit NEXPRM (by déf&¥) and read by subroutine
areadof thenexusbas.f  file.

The NEXUS option needs roughly 7.5 times more CPU-time than the VENptD (& =
105 eV, NKG enabled, EGS4 disabled).

NEXUS activates also the inelastic hadron-nucleus intenacross-sections at higher energies.
They are calculated by the subroutimexsig TheNEXUS cross-sections are selected automati-
cally when the NEXUS option has been used for extracting theTRAN code from the source
file. In your input file you may supply the keyword (page 62):

NEXSIG T

Setting NEXSIG to .false ) you will use the default cross-sections of CORSIKA as descr
in Ref. [3].
Thenexus-inputén run/  subdirectory is an example input file to run CORSIKA withX Us.

3.1.5 QGSJET Option

QGSJET [6, 7] (Quark Gluon String model withJETS) is a program developed to describe
high-energy hadronic interactions using the quasi-eik&®wmneron parameterization for the
elastic hadron-nucleon scattering amplitude. The hadadioin process is treated in the quark
gluon string model. The most actual version is QGSJET-11-03

For using QGSJET you first have to select the QGSJET or QG3brmpwhen extracting the
FORTRAN code from the source file. Without QGSII you will extract tieklroutines for the
older QGSJETO1c program.

The Makefile will link the compiled qgsjet-11-03.f (rsp. qgsjet0lc.f) andgheisha-
_2002d.f codes (rsp. FLUKA library or UrQMD library) with your CORKA program. The
qgsjet-11-03.f package will behave differently compared with the olgesjetO1c.f.

In your input file you may supply the keyword (page 63):

QGSJET T O

Setting QGSJET to .falseF) the simple HDPM routines are used (see also Sect. 3.1.3 page
26).

If in your calling directory the data setgsdat-11-03! andsectnu-11-03(rsp. QGSDAT01 and
SECTNU) are not yet existent they will be calculated at the first obubroutineggaini

(rsp. psaini ) (which takes c4 dayson a 1 GHz Pentium LINUX rsp.30 h for QGSDATO01

on a DEC 3000/600 AXP with75 MHz). The resultingygsdat-11-03file will have asize of~x

131 MB. The QGSJET option needs about 3 times more (ggsjet-11€gB)the same (qgsjet01c)
CPU-time than/as the HDPM option (NKG enabled, EGS4 dishble

QGSJET activates also the inelastic hadron-nucleus ttierecross-sections at higher energies
which are supplied in thggsdat-11-03file read in by the qgsjet-11-03 [7] (rsp. tH@GSDATO01
file read in by the qgsjetOl1c [6]) program package. The nuclestens cross-sections are con-
tained in the filesectnu-11-03rsp. SECTNU. The qgsjet-11-03 cross-sections (rsp. QGSJETO1c

31Binary type file available for LINUX system on the CORSIKA #grver for downloading
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cross-sections) are selected automatically when the QGSJET option hasussehfor extract-
ing the FORTRAN code from the source file. In your input file you may supply tlegword
(page 63):

QGSSIG T

Setting QGSSIG to .false. you will use the default crossiges of CORSIKA as described in
Ref. [3].

3.1.6 SIBYLL Option

SIBYLL [8]is a program developed to simulate hadronic interast@rextreme high energies
based on the QCD mini-jet model. The actual [9] version is\aIB2.1.

For using SIBYLL you first have to select the SIBYLL option whextracting the BRTRAN
code from the source file. Th& akefile will link the (compiled) sibyli2.1.f and gheisha_
2002d.f codes (rsp. FLUKA library or UrQMD library) with your CORKA program. In your
input file you may supply the keyword (page 63):

SIBYLL T O

Setting SIBYLL to .false.f) the simple HDPM routines are used (see also Sect. 3.1.33t9ge
The SIBYLL option needs about the same CPU-time as the HDRM(NKG enabled, EGS4
disabled).

SIBYLL activates also the inelastic hadronic interactiooss-sections at higher energies which
are supplied with the SIBYLL [8] program package. They arsdaaon QCD calculations,
details are given in [8]. SIBYLL also delivers nucleus-rewd cross-sections. The SIBYLL
cross-sections are selected automatically when the SIBdfitlon has been used for extracting
the FORTRAN code from the source file. In your input file you may supply tegword (page
64):

SIBSIG T

Setting SIBSIG to .falseH) you will use the default cross-sections of CORSIKA as dbsdr
in Ref. [3].

3.1.7 VENUS Option

VENUS [10] (Very EnergeticNUclear Scattering) is a program developed to simulate ultra-
relativistic heavy ion collisions. The actual version isNES 4.12.

For using VENUS you first have to select the VENUS option whetnaeting the ©RTRAN
code from the source file. The ake file will link the compiledvenus.f andgheisha_2002d.f
codes (rsp. FLUKA library or UrQMD library) with your CORSK program. In your input
file you may supply the keyword (page 64):

320mitting the default QGSJETOLD selection uses hadron{@isssections increased by 3 % to take into
account the individual nuclear radii 8N and'®0O as stated in Ref. [27].
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VENUS T O

Setting VENUS to .false K) the simple HDPM routines are used (see also Sect. 3.1.33f9ge
Normally all parameters for VENUS are supplied by the roaitianini . In special cases it
may be necessary to overwrite one or more of these paransgieesied by its name PARCHA
and its new value PARVAL. This is performed using the keywgrage 64)

VENPAR PARCHA  PARVAL

in the input file (page 64).

The VENUS option needs roughly 15 times more CPU-time thanHBDPM option (NKG
enabled, EGS4 disabled).

VENUS activates also the inelastic hadron-nucleus intemacross-sections at higher energies
which are calculated by the subroutimensig . Nucleus-nucleus cross-sections are derived
from the VENUS nucleon-nucleon cross-sections using treaikgdr tables of CORSIKA [3].
The VENUS cross-sections are selected automatically wieeWENUS option has been used
for extracting the BRTRAN code from the source file. In your input file you may supply the
keyword (page 64):

VENSIG T

Setting VENSIG to .false. you will use the default crosstieers of CORSIKA as described in
Ref. [3].

3.2 Low-Energy Hadronic Interaction Models
3.2.1 FLUKA Option

FLUKA (FLUctuatingKA scade) [13] is a package of routines to follow energeticiglag

through matter by the Monte Carlo method. In combinatiorhV@ORSIKA only that part is

used which describes the low-energy hadronic interactidndetailed description of the pro-

cesses simulated by FLUKA 2011 may be found on the FLUKA weiepa
http://www.fluka.org/

FLUKA is used within CORSIKA to calculate the inelastic hadicross-sections with the com-

ponents of air and to perform their interaction and secongarticle production, including

many details of the de-excitation of the target nucleus.

If you have selected the FLUKA optiéh the M ake file will link the FLUKA library with your

CORSIKA program (pages 115 and 117).

To run the FLUKA version, an environment variabli¢éells the system where to find the binary

data files (page 20) needed by the FLUKA routines.

It should be emphasized, that the FLUKA option cannot be ¢oatbwith the DPMJET option

because of several identical subroutine names used withiKR and DPMJET.

33See footnote page 8 for the usage of the preprocessor-aphidnX .
34 Assumingesh shell one usessetenv FLUPRO flukadirectory
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3.2.2 GHEISHA Option

GHEISHA (GammaHadron Electron I nteractionSHower code) is an interaction package
widely used in the detector Monte Carlo program GEANT [2&tthas proven its qualities
in describing hadronic collisions up to sort# GeV in many experiments. A detailed descrip-
tion of the physics processes covered by GHEISHA may be fouRef. [14]. The GHEISHA
version is taken as distributed in October 17, 1994 with th6AST package [28] version
3.21/03 by CERN. Recently some errors were eliminated usieg obtained from SLAC [29]
and now all variables are used in double precision. To disoate against the uncorrected
single-precision GHEISHA version it is renamedghbeisha_2002d.f. GHEISHA is used in
CORSIKA to calculate the elastic and inelastic cross-sastof hadrons below0 GeV in air
and their interaction and particle production.

The Make file will link the compiledgheisha_2002d.f code with your CORSIKA program, if
you have selected the GHEISHA option.

3.2.3 URQMD Option

UrQMD (Ultra-relativisticQuantumM olecularDynamics) is an interaction package designed
to treat low energy hadron-nucleus interactions. A dafailescription of this model may be
found in Ref. [15]. UrQMD 1.3cors is used in CORSIKA to perform the elastic and inelastic
interactions of hadrons belo¥® GeV in air. The actual linking routines operate with the sglec
UrQMD 1.3 cors version adapted to CORSIKA.

For using UrQMD vyou first have to select the URQMD option whgtracting the ©RTRAN
code from the source file. For compilation of tbempilefilef the UrQMD 1.3cors include
files boxinc.f, colltab.f, comres.f, coms.f, inputs.f, newpart.f, andoptions.f must be avail-
able. So thecoconutscript will install this files if needed before doingMakefile to make

a UrQMD library liburgmd.a from the UrQMD 1.3cors FORTRAN files and then link it with
your CORSIKA program (pages 115 and 117). In your input fila yray supply the keyword
(page 80):

URQMD T 0

Setting the first parameter FURQMD to .falsE) the program will stop.

3.3 Electromagnetic Interactions (NKG/EGS4 Option)

The NKG and EGS4 options are selected by flags of the input &levierd ELMFLG only.
A detailed description of the EGS4 program can be found in Réf, and the modifications
applied to it are published in Ref. [3].

For using NKG and/or EGS4 you have to activate the flags of éyavkrd (page 66)

ELMFLG T T

in the input file.
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It must be emphasized that at the highest electromaerdergies above0!” eV the NKG op-
tion does not contain the Landau-Pomeranchuk-Migdal effecich is added to EGS4) which
may alter the shower development by the decrease of the gramation and bremsstrahlung
cross-sections with increasing energy. Therefore theyical NKG treatment deviates more
and more from results gained by the EGS4 option. For examg@e-induced showerl('® eV
energy, inclined witl¥ = 60°, without PRESHOWER option) the maximum of the electron lon-
gitudinal development simulated by EGS4 is reached deepbeiatmosphere by 100 g/cn?
slant depth than predicted by NKG.

3.3.1 NKG Treatment

The first flag activates the analytic NKG treatment of the tetenagnetic component. The
longitudinal electron numbers and pseudo-age paranietars calculated every00 g/cny
above the lowest observation level and the lateral eleatansities are calculated for a radial
grid of 80 points at the two lowest observation levels. Theeirgrid radius is fixed at00 cm,
while the outer radius RADNKG (in cm) is selected by the keyavfpage 67):

RADNKG 200.E2

Also lateral pseudo-age parametémre calculated.

As the NKG formulas do not take into account the curvaturehef Earth’s surface, for the
CURVED option the NKG option is suppressed. As with the COMFAoption the NKG
parameters cannot be written out onto the particle file, tk&Nlag must be disabled in this
case.

3.3.2 EGS4 Treatment

The second flag of the keyword ELMFLG activates the full MoGtglo treatment of the elec-
tromagnetic component by the EGS4 package. Both flags magtivataed or deactivated inde-
pendently. No special option for extracting theETRAN code from the source file is required.
By selecting the CERENKQV option the EGS4 routines are atgiy automatically.

In most applications (especially Cherenkov radiation frslmwers induced by primaries with
energies in the GeV range) an abbreviated treatment of tHapheuscattering of electrons
within the EGS4 code is hot recommended. If you can afforshv@tauality of your simulations
but no long computing times, you may specify an enlarged Istegth factor STEPFC by the
keyword (page 66):

STEPFC 1.0

(See also the comments in Sect. 4.42 page 66.) A detailedsdi®n on the use of this step
length is given in [30].

In the standard version treating pair production and bréatsising, the EGS4 routines do not
regard the Landau-Pomeranchuk-Migdal (LPM) effect whibbwd be applied at energies

35These pseudo-age parameters should only be used qualifafor scientific applications you extract better
age parameters from a fit to the lateral distribution of tleetebns as simulated by the EGS4 option.
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above E,;, > 10! eV. The LPM-effect is switched on automatically using thelNHbption
(see Sect. 4.44 page 67) or the LPM option (see Sect. 3.5¢El41].

The files namedEGSDATEx.x replace the filesEGSDATSx.X, EGSDAT4x.x, EGSDAT3X.X,
EGSDAT2x.x, or EGSDATAused in older CORSIKA versions. For the extrapolation to the
highest energies the photo-nuclear cross-section ispottiied according to Cudell et al. [31]
published by the Particle Data Group. The low energy thresbhbthese files ranges from
0.05 MeV to 3 MeV. They differ from the older data sets by the arrangemehtise tables con-
taining the &-branching ratios ang-branching ratios, thus giving a more smooth branching
ratio for the rare processes of electro-nuclear and phottear interactions rsp. @f .~ pair
formation [32]. A data set with an energy threshold far beEEMCUT(4) implies the explicit,
but unnecessary production of many bremsstrahlung phatooge threshold but below EL-
CUT(4), resulting in a considerable prolongation of wast#lJ-time. Therefore CORSIKA
automatically selects thEGSDAT6x.x set best suited for the user’s specification of the EL-
CUT(3) and ELCUT(4), thus saving CPU-time.

3.4 Cherenkov Options
3.4.1 Cherenkov Standard Option

The routines treating the Cherenkov radiation have beepligapby the HEGRA Collabora-
tion [33] and considerably improved by K. Bernlohr [34]. &&herenkov light production
by electrons, positrons, muons, and charged hadrons isdeved in the subroutineerenk .
The Cherenkov photons are considered within a wavelengit fadoich may be specified by
the lower and upper limits WAVLGL and WAVLGU. Atmosphericsdrption of the Cheren-
kov photons is not taken into account by default, but mighadded by the CEFFIC option
(see Sect. 3.4.5 page 35). Only Cherenkov photons arritittgedowest observation level are
recorded.

Charged particles create Cherenkov photons at each tastép when the conditiof > 1/n

(8 = v/c andn = refractive index) is fulfilled. The step is subdivided intoaler sub-steps
such that the number of Cherenkov photons per sub-stesithas the fixed number CERSIZ,
predefined by an input keyword. In such a sub-step all thegpisodre sent in a compact bunch
along a straight line, defined by the emission arigleelative to the electron or hadron direction
and a random value for the angtearound this direction.

As the major part of the Cherenkov light is produced by etatwdrit makes no sense to sim-
ulate showers with Cherenkov light production unless usitigEGS4 option. Therefore the
CERENKOV option automatically activates the EGS4 optiam.t The CERENKOV option
reduces the step length factor STEPFC to 1 by default (page 66

For higher primary energies it is impossible to write all ffteoton bunches of one shower to
the output file. Therefore, only those bunches are recordechwit an array at the lowest ob-
servation level consisting of NCERX NCERY photon detectors arranged with a grid spacing
of DCERX and DCERY cm in x and y direction respectively andhWMCERX x ACERY cnt
area each. Each bunch is represented by 7 words which arenfigen of Cherenkov photons,
thex andy position coordinates at the observation level, directiosimes: andv, arrival time,
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and height of production above sea level.
To obtain this program version the CERENKOV option has todlected when extracting the
FORTRAN code from the source file. Via the keyword (page 75)

CERARY 27 27 1500. 1500. 100. 100.

the geometry of your Cherenkov array may be defined. A ratatiehe Cherenkov array x-axis
relative to North may be respected by the keyword (page 73):

ARRANG 0.
The bunch size may be selected by the keyword (page 76):
CERSIZ 0.

The optimal choice of the bunch size depends on the employohdre atmospheric absorption,
mirror reflectivity, and photomultiplier quantum efficign¢CEFFIC option, see Sect. 3.4.5
below). Without the CEFFIC option a CERSIZ =5 is reasonadeabout one photon of such
a bunch survives in an off-line treatment of these effects.

By the keyword (page 76)

CERFIL T

the Cherenkov output is directed to the separate Cherenkipubfile MCETAP or to the par-
ticle output file MPATAP. In case of a separate output file thei@nkov output is structured
as the particle output file. It contains the event header a@vent end block and in between
the data blocks. The data structure of the Cherenkov outgatset is given in Table 11 (page
99). In the case the Cherenkov bunches are stored togettietheiother shower particles on
the same particle output file, a Cherenkov bunch is treakediliparticle.

The definition of an array of Cherenkov detectors servesdaae the required disk space for
Cherenkov shower. On the other hand one loses the possitfilitsing an air shower several
times during the analysis with different core locationshwigspect to the detector. Keeping in
mind the excessive computation time for Cherenkov showeissaibility is introduced to use
Cherenkov showers multiple times with only a tolerable éase of storage space. Therefore,
already during the simulation it is defined how often a sirgflewer should be used and where
in the array the core locations should be. The core locatmmsach event are chosen with the
Sobol quasi-random number generator [35] and are storée ieMent header. Correspondingly,
the array of Cherenkov detectors is placed several timdsembservation plane and store all
Cherenkov bunches that hit one of the detectors. This piigsib selected by the keyword
(page 77):

CSCAT ICERML  XSCATT  YSCATT

An event is used ICERML times and the core is scattered indhge -XSCATT< .. <
XSCATT and -YSCATT< yeore < YSCATT. For the analysis of such CORSIKA events the
user has to use the same core locations in the analysis tatblegn determined during the
simulation. The output will basically scale with the numbétimes each event is used, but it
is still considerably smaller than the output of the comgpléherenkov component would be.
To obtain this program version the CERENKOV option has todlected when extracting the
FORTRAN code from the source file.
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3.4.2 Cherenkov Wavelength Option

In the CERWLEN option the index of refraction is made wavglbndependent. As a con-
sequence, photon bunches will carry a specific wavelenghiotoRs of shorter wavelengths
(with larger index of refraction) will result in larger Chezrkov cone opening angles and larger
bunch sizes. For very fast particles this will generallyénawsmall effect (less than03° in the
opening angle, for example) but near the Cherenkov thrdgheleffect can be larger.

This option may also require to use a smaller maximum bureeh(see keyword CERSIZ page
76) since all photons in a bunch are of the same wavelengththacefore, the peak quan-
tum efficiency rather than the average quantum efficienogradehes the maximum acceptable
bunch size. (In combination with the CEFFIC option (see Sdt5 page 35) you should use a
maximum bunch size of 1, as usual.)

To obtain this program version the CERWLEN option has to becsed in combination with
the CERENKOQV option when extracting th@RTRAN code from the source file.

3.4.3 Imaging Atmospheric Cherenkov Telescope Option

The routines treating the Cherenkov radiationlfmagingAtmosphericCherenkovT elescopes
(IACT option) have been supplied by K. Bernlohr [34]. The Cheosnkght production by
electrons, positrons, muons, and charged hadrons is @edith the subroutineerenk. The
positions of the telescopes are defined by the keyword (papge 7

TELESCOPE 0. O. 0. 0.

giving the coordinates relative to the center of the lowéskeovation level (see Sect. 4.71 page
77). The data set name for the telescope-specific data astpgefined by the keyword (page
78):

TELFIL filename

For further details of the IACT option see Ref. [34], the coemts at the beginning of thact.c
routines, and the documentation supplied with the ‘bemiodckage.

With the IACT option by default the TMARGIN flag (keyword TSHY) is set to .true. (see
Sect. 4.12 page 55), but it may be overridden. This affeasxtland y coordinates of the
Cherenkov photons arriving at the observation level if thieuae of the first interaction is fixed
by the keyword FIXHEI (see Sect. 4.13 page 55).

To obtain this program version the IACT option has to be setbtogether with the CERENK-
OV option when extracting thedRTRAN code from the source file. Th& ake file will com-
pile the needed files of the ‘bernlohr’ package in thiébbern.a library and then link it with
your CORSIKA program.

3.4.4 Imaging Atmospheric Cherenkov Telescope Extensiongfion

With the IACTEXT option the interface to theeloutfunction (act.c routines) is extended by
parameters describing the emitting particle. This extdnai®rmation is stored as an additional
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photon bunch (after the normal one) with mass, charge, gnargl emission time replacing
the cx, cy, photons , andzem fields, respectively, and are identified by a wavelength of
9999. The compact output format is disabled for making tleasfble. In addition, all particles
arriving at the observation level are included in theentio  format output file, in a photon-
bunch like block identified by array and detector numbers 999

Thex, y, cx, cy, andctime fields keep the normal sense, with coordinates, directiods a
time counted in the detection level reference frame. Thag@momentum is filled into the
zemfield (negative for upward-moving particles) and the p#&tiD is filled into thelambda
field. If thinning is used, the particle weight is in thhotons field.

When compilingact.c manually (instead of taking advantage of teeonutscript or the GNU-
makefile supplied with the ‘bernlohr’ package), an addilooption-DIACTEXT is required
to have a consistent interface on both sides.

To obtain this program version the IACTEXT option has to bieeced together with the
CERENKOV and IACT options when extracting the RTRAN code from the source file.

3.4.5 Cherenkov Light Reduction Option

The standard simulation of Cherenkov photons does notddggrt absorption within the at-
mosphere, telescope mirror reflectivity, or quantum efficieof the detecting photomultiplier
tubes. In the CEFFIC option these effects are taken intouat@d an early stage of the Cheren-
kov photon simulation, thus the computing time is shortesmtsiderably and the requirements
for storage of Cherenkov output are reduced additionally.

Data tables containing information on these three effesfsiiaction of photon wavelength are
needed in this option depending on the status of the flagsfigukloy the keyword (page 76):

CERQEF F F F

Standard tables for atmospheric absorptimm@bsdat), mirror reflectivity (nirreff.dat) (mea-
sured for the re-coated mirrors of the Whipple telescoppt.SE993), and quantum efficiency
(quanteffdat) (measured for Hamatsu R1398HA photo-multiplierswit-window and 1.125”
tube) are supplied with CORSIKA. For other installations tiser should establish correspond-
ing tables®.

By early eliminating those Cherenkov photons which are diebwithin the atmosphere, not
reflected by the mirror, or not producing photo electron$imithe photomultiplier, those sup-
pressed photons are also not counted in the various forneddhgitudinal distributions (see
Sect. 3.4.6 below).

As in the CEFFIC option the atmospheric absorption is tceately in a manner suited for
planar atmospheres, you should not combine the CEFFICropiithn CURVED.

36The atmabsdat table is composed of 105 wavelength values betweenri@00a nm in steps ofy nm; one
line for each wavelength, beginning with the wavelengtluggdhm] as integer, followed by 51 extinction values,
starting at sea level up &) km height in steps of km. The data format is (105(14,5(10F10.3),F10.3)).

For the same 105 wavelengths thereff.dat andquanteffdat tables contain reflectivity rsp. quantum efficiency
values written in the format (8F6.3). Further details mayaken from the comments in the employed subroutine
tpdini
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To obtain this program version the CEFFIC option has to becsetl together with the CEREN-
KOV option when extracting thedRTRAN code from the source file.

3.4.6 INTCLONG and NOCLONG Options

In the Cherenkov version the longitudinal distribution dipons is given in differential mode
(i.e. the number of photons generated within each step) fautteBy the preprocessor option
INTCLONG the integral mode is selected (i.e. accumulateahlmer of generated Cherenkov
photons for each step) which needs additional computing.tithboth kinds of longitudinal
distribution are of no interest, you may deselect the ChHerephoton distribution completely
by the preprocessor option NOCLONG thus saving computme ti

The option INTCLONG is effective also with the AUGCERLONGtmm (see Sect. 3.5.3 page
37).

To obtain these program versions the INTCLONG rsp. NOCLON@om has to be selected
together with the CERENKQOV rsp. AUGCERLONG option when agtng the ©RTRAN
code from the source file.

3.4.7 STACEE Option

In the STACEE option the output of the Cherenkov file is geteggtan a format as used for
the STACEE experiment [26]. Details on the output data stinecmay be obtained from the
members of the STACEE Collaboration. The appropriateutines are available in therc/
subdirectory, linked after compilation by tliéake file.

To obtain this program version the STACEE option has to becsetl when extracting the
FORTRAN code from the source file.

3.5 Other Non-standard Options
3.5.1 ANAHIST Option

The ANAHIST option produces a series of histograms genénaith HBOOK routines [24].
The histograms are written into the file namédtnnnnnn.lhbook’ (page 103) onto the output
directory DSN specified by the keyword DIRECT (page 74). Tpmsass the ordinary particle
output file the keyword PAROUT (page 74) might be used. Thidyais gives a short overview
on various shower properties of the particles arriving atdhservation level. The histograms
are only established for the lowest observation level. &aitiinning is not applied to the
particles sorted into the histograms.

Because of its permanent modifications a comprehensiveiptso of the ANAHIST option
is not available.

To obtain this program version the ANAHIST option has to blected when extracting the
FORTRAN code from the source file. The HBOOK routines require linkaighe CERN li-
braries with the program; they are not supplied with the ClBRSpackage.
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3.5.2 ATMEXT Option with External Atmospheres

The ATMEXT option allows to use external tabulated atmoseb®f the MODTRAN model
documented in Ref. [36]. They are provided together with'lleenlohr’ package as fileatm-
profidat  and read in with special routines written @ Further details may be found in
Ref. [34], at the beginning of thatmac routines and in the documentation supplied with the
‘bernlohr’ package.

The CURVED option needs the atmospheres in the 5-layer nmattedr than interpolated from
ATMEXT tables. Therefore in the CURVED option AATM, BATM, A values are fitted to
the tabulated atmospheres and the table interpolatiosabtid.

To obtain this program version the ATMEXT option has to bees&d when extracting the
FORTRAN code from the source file. A linking with the (compiled)mac routines of the
‘bernlohr’ package is done by the ake file.

3.5.3 AUGCERLONG Option

With the AUGCERLONG option it is possible to fill the Cherenkoolumn in the table of the
longitudinal particle distribution without full simulath of the Cherenkov radiation. Because
of an elongation of the CPU time the AUGCERLONG option shauitly be used if the lon-
gitudinal Cherenkov distribution is really needed. By thNTCLONG option (page 36) the
integrated instead of the differential longitudinal Chéd@v intensity may be selected. The
keywords CERSIZ (page 76) and CWAVLG (page 76) are activaitidthe AUGCERLONG
option.

To obtain this program version the AUGCERLONG option hasdsélected when extracting
the FORTRAN code from the source file.

3.5.4 AUGERHIST Option

The AUGERHIST option produces a series of histograms géeeenaith HBOOK routines
[24]. The histograms are written into the file namédtnnnnnn.lhbook’ (page 103) onto the
output directory DSN specified by the keyword DIRECT (page Ak the HBOOK routines
use only lower case characters, the DSN directory name ghmail contain capitals. These
histograms show properties of different particle typegeiou20 horizontal levels (to be defined
by keyword OBSLEV, page 71). They enable to study the lonlyital development of various
shower parameters. At each defined level a series of histegim generated e.g. for radial
distances of different particle species, for the energyodifoy different particle species as
function of distance from the shower axis, for energy spe@s function of distance) and much
more. Examples are given in Ref. [37]. For histograms mafato the emission of Cherenkov
radiation the bunch size and wavelength band has to be sukosing the keywords CERSIZ
(page 76) and CWAVLG (page 76).

Only patrticles arriving at the lowest observation level dieected to the particle output file
(page 94) antbr the table output file (keyword PAROUT page 74) amdbinned into the
ANAHIST histograms.
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Because of its permanent modifications a comprehensiveigiso of the AUGERHIST op-
tion is not available.

The AUGERHIST option works only in combination with the THIdption. To obtain this
program version the AUGERHIST option has to be selected véheracting the BRTRAN
code from the source file. The HBOOK routines require linkifighe CERN libraries with the
program; they are not supplied with the CORSIKA package.

3.5.5 AUGERINFO Option

The AUGERINFO option produces an output file namétATnnnnnn.info’ replacing the
‘DATnnnnnn.dbase’ file, when activated by the DATBAS keyword (page 78he output
format of the .info file differs from that of the .dbase file toable the automatic production of
a data base for the Auger experiment showing the contenteo€@RSIKA shower library at
the IN2P3 computing center Lyon.

To obtain this program version the AUGERINFO option has teélected when extracting th
FORTRAN code from the source file.

3.5.6 CHARM Option

In the standard CORSIKA program the charmed particles aeged implicitly in the hadronic
interaction codes. But several codes (at present DPMJET@&BUIETO01c) produce them in a
manner that they can be treated explicitely respecting thesport during their lifetime. Be-
cause of the short lifetimes and the unknown cross-secttan$ate of the charmed particles
always is determined by their decay. These decays aredrbgitthe PYTHIA package [19].
Therefore in combination with QGSJETO1c the PYTHIA 6.41Zkzaye has to be installed in
thepythia/  subdirectory for automatic compilation and linking. In deimation with DPM-
JET the implicit PYTHIA 6.1 package (= dpmjet253c.f) is usedl needs no extra linking.
The CHARM option [38] also enables the treatment of tHeptons. All possible interactions
(bremsstrahlung, pair production, nuclear interactiafishe 7-leptons are respected in a man-
ner analogously to the-leptons. For the treatment of primary andz; neutrinos the CHARM
option has to be combined with the NUPRIM option (see page Bdy tracing back PYTHIA
problems in combination with QGSJETO1c the PYTHIA keywmsdvailable, see Sect. 4.81
(page 80).

To obtain this program version the CHARM option has to be etk when extracting the
FORTRAN code from the source file. Please verify that in combinatitth @GSJETOL1c you
have downloaded the PYTHIA 6.412 package from the PYTHIA \wabe to theythia/
subdirectory.

3.5.7 COMPACT Output Option

The standard output of CORSIKA is not adequate when sinmgatilarge number of showers
initiated by primaries of so low energies, that only a smatigentage of them produces particles
arriving at the detector level. As most Data blocks of the NURR file would be filled up with
zeros, a large amount of useless information for the Dateklsland the unnecessary overhead
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of the Event Header and Event End blocks would be written i ¢ase. This is avoided in
the COMPACT option, which writes out only the Run Header drafull Event Header for the
first event. For subsequent events only shortened Eventdideéithe first 12 parameters) are
written. Event End blocks are omitted completely, the Rud Block is written as usual. The
Data blocks have a maximal length of 39 particles, trailiagpz are suppressed. Further details
are given in Sect. 10.3 (page 102).

As the NKG parameters are not written out in the COMPACT warsihe NKG flag (keyword
ELMFLG page 66) should be disabled. The COMPACT option catmeccombined with the
ROOTOUT and ROOTRACK option.

To obtain this program version the COMPACT option has to bbecsed when extracting the
FORTRAN code from the source file.

3.5.8 CURVED Atmosphere Option

The standard CORSIKA program models the Earth’s atmosaseadlat disc where the density
of the air decreases with the height. The shower calculatonl tracking are using Cartesian
coordinates. In a flat atmosphere the thickness increagbsiwiosd. This is a good ap-
proximation for inclined showers if their zenith angles badow~ 70°. Above this value the
differences between a flat and a curved atmosphere becongeandmmore important. Ai0°
eventually the thickness of the flat atmosphere becomestefiinereas the correct thickness
is ~ 37000 g/cnt.

Within the CURVED atmosphere option for large zenith anglesve~ 70° the Earth’s atmo-
sphere is no longer assumed to be completely flat (as in thdate version for smaller zenith
angles). Rather the atmosphere is replaced by a ‘slidingepd@mosphere’. Each times the
horizontal displacement of a particle exceeds a limi6é &6 20 km (dependent on altitude), a
transition to a new, locally plane atmosphere is perfornBytthese means the advantages of the
simpler transport formulas within a planar atmosphere amlined with the faster simulation
speed by avoiding the lengthy and more complicated tredtimensing a true spherical sys-
tem. Because of technical reasons only one observatiohnesebe specified in the CURVED
option.

In the CURVED option the ionization energy loss, deflectiathim the Earth’s magnetic field,
and the generation of Cherenkov photons is enabled for eddngdronic primaries on their
path between entering the atmosphere and the first inteng@thich is disabled in the standard
version without using keyword TSTART, page 55). The arrivale refers to the start at the
margin of the atmosphere, which is indicated by a negatiheevaf element 7 of the event
header block (page 97).

The NKG formulas do not take into account the curvature oglaeh’s surface. Therefore the
NKG output is suppressed in the CURVED option.

The combination of the CURVED option with the UPWARD optiardiescribed in Sect. 3.5.23
(page 48).

As in the CEFFIC option the atmospheric absorption is tceately in a manner suited for
planar atmospheres, you should not combine the CURVED wptith CEFFIC.

The CURVED option needs the atmospheres in the 5-layer nmattedr than interpolated from
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ATMEXT tables. Therefore in the CURVED option AATM, BATM, A values are fitted to
the tabulated atmospheres and the table interpolatiosabtiid.

To obtain this program version the CURVED option has to bedetl when extracting the
FORTRAN code from the source file.

3.5.9 EHISTORY Option

With this option additional information on the prehistorfyrouons and electromagnetic (EM)
particles is given out to the particle output file. This exted additional information is activated
for the muons by the keyword MUADDI (see page 71). For EM et it is activated with
the keyword EMADDI (see page 70). The precursor hadronsaiyreother’ and 'mother’ of
the particles at ground are specified with the penetratetemagtween start and end of grand-
mother’s track, the position of mother’s birth, and the mataeof grandmother and mother at
that point. The generation counter of the mother particl@ss given, which might be com-
pared to the generation counter of the muon thus indicatidgianal decays between mother
particle and the muon, which otherwise are not given. Fudeé&ils are described in [39].

3.5.10 INTTEST Interaction Test Option

With this option the interaction model routines can be wsthich are used to describe the
hadronic collisions. Only the first interactions are sinkedband no air showers are developed.
Various projectiles (keyword PRMPAR) and targets (keywidN@TST) may be selected. The
result of the test is a series of histograms generated watiHBIOOK routines [24] and written
to the unit HISTDS. The histograms show properties of the@séary particles produced in
the first interaction e.g. distributions of transverse motagof squared transverse momenta,
of longitudinal momenta, of Feynman x-distributions, gbichty and pseudo-rapidity distribu-
tions, and various particle multiplicity distributions.

To obtain this program version the INTTEST option has to Hected when extracting the
FORTRAN code from the source file. The HBOOK routines require linkaighe CERN li-
braries with the program; they are not supplied with the ClBRSpackage. Via the keywords
with their parameters (page 81 - 82)

INTTST ITTAR MCM

INTDEC LPIO LETA  LHYP LKOS
INTSPC LSPEC

DIFOFF NDIF

TRIGGER NTRIG

HISTDS HISTDS
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the conditions of the interaction test run have to be spekifie

Because of its permanent modification a comprehensiveigésarof the INTTEST option is
not available. It should be noted that the combinationslofad parameters for the INTTEST
option differ from the standard version without explicitigting this or checking this during the
program run.

To obtain this program version the INTTEST option has to Hected when extracting the
FORTRAN code from the source file.

3.5.11 LPM Option

The LPM option switches on the Landau-Pomeranchuk-Migifiete(which is added to EGS4)
causing an effective reduction of the pair production arehsstrahlung cross-sections [40] at
the highest energies. With this option it is possible toudel the LPM-effect without selecting
the THIN option (see Sect. 3.5.22 46).

3.5.12 NEUTRINO Option

Muonic and electronic neutrinos and anti-neutrinos odtgnfrom the decays of*, the lep-
tonic decays ofk* and K¢, and the decays ¢f*. The neutrino formation is simulated with
exact kinematics of all two and three body decays taking atwount the polarization of the
muons. The neutrino trajectories are followed down throtighatmosphere disregarding any
interaction with the target nuclei of the air. The neutriaos written to the particle output file
using the particle type numbers 66 to 69, if their energy edsdhe cutoff energy ELCUT(1).
To obtain this program version the NEUTRINO option has to édleced when extracting the
FORTRAN code from the source file.

3.5.13 NUPRIM Option for Primary Neutrinos

With this program version showers induced by primary naosican be simulated. Possible
primary particles are (up to now), 7, v, andr,. If combining the NUPRIM option with the
CHARM or TAULEP option also the, and ther; neutrinos can be handled.

Because of the low cross-sections of neutrino-inducedant®ns it is recommended to fix the
height of the primary interaction using the keyword FIXHRB&{e 55). As the first (neutrino-
induced) interaction is handled by the HERWIG code [18]n& [20] with the HERWIG rou-
tines is necessary. HERWIG produces - besides others - dagoparticles (with charm).
Those particles can be treated by CORSIKA only if you comitheeNUPRIM option with
the CHARM option (see page 38). Without specifying the CHABMion those charmed sec-
ondaries decay at the vertex and are not explicitely tramsgon CORSIKA. Specifying the
TAULEP option the tau leptons emerging from CC-interactiofi, or 77 neutrinos are treated
explicitely in CORSIKA. The interactions of secondary paes coming from the primary neu-
trino reaction are treated by the selected high-energyaspenergy hadronic interaction model
or by NKG/EGS4. Secondary neutrinos are explicitly geregtainly, if the NEUTRINO option
(page 41) is selected, but they are not treated by HERWIGatimg a shower with non-neutrino
primary particles will not call the HERWIG routines.

41



Sequence 5 of the CORSIKA random generator is foreseen fRVME, therefore you should
initialize it (see Sect. 4.3 page 52).

For using the NUPRIM version you first have to select the NUWRption when extracting
the FORTRAN code from the source file. ThHdakefilewill compile the HERWIG FORTRAN
routines and link them with your CORSIKA program.

A combination of the NUPRIM option with the INTTEST optionnst possible.

3.5.14 PLOTSH Shower Plot Production Option

In the PLOTSH option the start and end points of each partialek are written to extra files
(see Table 1 page 21); separate files are used for the elegratic, muonic, and hadronic
component. Each track is written unformatted as one blodisisting of 10 real*4 numbers:
Particle identification, Energy (in GeV), Xstart, Ystarstdrt (all in cm), Tstart (in sec), Xend,
Yend, Zend (all in cm), and Tend (in sec). In case of THINning particle Weight is added at
the end of each block.

Plots may be constructed from the content of these files ygubieplottracksprogram. The
programplottracks3cf (available insrc/ ) converts the particle track maps generated by the
PLOTSH option into PPM image files (readablexyy. plottracksis automatically compiled
when the PLOTSH option is selected.

The program plottracks reads in the DATnnnnnrirackem’, 'DATnnnnnrirack mu’, and
'DATnnnnnitrack hd’ files specified on the command line by the parameter munznn
(integer between 0 and 999999). Then it converts and comslilmem into 4 PPM images
"tracknnnnnem.ppm’, tracknnnnnmu.ppm’, tracknnnnnrhad.ppm’, andtracknnnnnrall-
.ppm’ of the same resolution as the maps. By default, thérel@agnetic, muonic, and hadronic
maps are taken as the red, green, and blue channels of therR&gf® i respectively.

As with increasing shower energy and decreasing threst@cumber of tracks increases
drastically you should simulate not more than 1 shower aha to keep the output on the units
55, 56, and 57 at a tolerable size.

Via the keyword (page 83)

PLOTSH T

the PLOTSH option is enabled or disabled.

This option is not recommended for ordinary shower proauchbecause of the large output
files to be produced.

To obtain this program version the PLOTSH option has to becsetl when extracting the
FORTRAN code from the source file.

3.5.15 PLOTSH2 Shower Plot Production Option

In the PLOTSH2 option air showers are visualized in a sim@g,without having to deal with
a (very large) track file. With the PLOTSH2 option map files gemerated separately for the
electromagnetic particles, muons, and hadrons. For eatihlp&pecies maps are generated in

37977 plottracks3c.f -0 plottracks

42



all three projections (x-y, x-z, and y-z). The map files arétem onto the directory DSN via
the unit 55 and are nameDBATnnnnnspec-_<proj>.map’, where<spec- stands for ‘em’,
‘mu’, or ‘hd’, and <proj> stands for ‘xy’, ‘Xz, or ‘'yz’. nnnnnn is the run number specified in
the keyword RUNNR (see page 51). These map files are, basiwad-dimensional histograms
containing the number of tracks in each xy-/xz-/yz-bin. Tasolution of the maps is set via
the three integer parameters IXRES, IYRES, and IZRES in t&&®8ON /CRPLOTSH2/.
The unformatted map files consist of a two-word header comtgithe horizontal and vertical
resolution of the respective map file, followed by the rowsnaip value®. These files are then
easily processed further, for examplermgp2pngsee below).

To control the plotting, the keyword PLAXES followed by 6 pareters (see page 83) might be
used in the input file:

PLAXES -5.E5 5E5 -5.E5 5E5 0. 3.E6
The keyword
PLCUTS 03 0.3 0.003 0.003 1E5 T

(see page 83) serves to define energy cuts in the same ordersasfor the keyword ECUTS
(hadrons, muons, electrons, photons) (see page 68). Atiaddiparameter defines an upper
bound on the time (in ns) passed since the first interactidnlewhe final logical determines
whether only track segments inside the three-dimensiamabiven by the axis ranges should
be plotted.

Via the keyword

PLOTSH T

the PLOTSH2 option is enabled or disabled (see page 83).

This option is not recommended for ordinary shower proauncti

To obtain this program version the PLOTSH2 option has to bected when extracting the
FORTRAN code from the source file.

TheC-programmap2pngdavailable insrc/ ) converts the particle track maps generated by the
PLOTSH2 option into PNG image files. The only prerequisitedesl by the program lgopng,
which is included in virtually all recent LINUX distributits. If this library is not available for
your system, please use PLOTSH option insteadp2pngs automatically compiletl when
the PLOTSH2 option is selected.

The programmap2pngeads in the map files specified on the command line (via the tpat
DATnnnnni and combines them into a single PNG image of the same rezolas the maps.
By default, the electromagnetic, muonic, and hadronic napdaken as the red, green, and
blue channels of the RGB image, respectively. However possible to specify other colors to
be used for the different particle types. The projectiondaubed as well as whether to use a
linear or logarithmic color scale can be specified on the camdiine. To see a list of options,
simply runmap2pngvithout arguments.

38Note that on LINUX systems, the header and each row are peelcantl followed by an additional word.
39gcc [-Lpath  _to _libpng] -lpng -Im map2png.c -0 map2png
The bracketed option is only needed if the path to ‘libpngssoot included in the LDLIBRARY _PATH variable.
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3.5.16 PRESHOWER Option

The PRESHOWER option selects code &doutines [41] to describe the pair production of
ultra-high energetic (£> 10 eV) primary photons and bremsstrahlung interactions of the
secondary em-particles within the Earth’s magnetic fiefdtgereaching the top of atmosphere.
Within the atmosphere the resulting swarm of em-particddsaated as one shower. To model
correctly the field components of the Earth’s magnetic dip@ld in the outer space additional
input is required to specify the location and the time of tkegegiment. The keyword (page 59)

GCOORD -69.585 -35.463  2003. 1 O

gives the longitudinal and lateral position of the expenitnan the Earth’s globe, the year (the
Earth’s magnetic field is time dependent), a print indicaaad a stop indicator (for the case no
pre-showering occurred). Details of this input are giveBatt. 4.23. With the stop indicator it
is possible to skip those events where no pre-showeringmtuNevertheless the event header
and event end sub-blocks are written to MPATAP.

The appropriat€-routines belonging to the PRESHOWER option are availabldaé src/
subdirectory, compiled and linked by tiéake file.

To obtain this program version the PRESHOWER option has &elexted when extracting the
FORTRAN code from the source file.

3.5.17 ROOTOUT Option

The ROOTOUT option selects code which directly transmiesghrticle output (normally di-
rected to MPATAP) taC++-routines® to write an output D ATnnnnnn.root’ file in root for-
mat, e.g. foroot off-line analysis of the particle output data without stgrithe huge particle
output data file MPATAP. The Cherenkov output file MCETAP is abected by the ROOTOUT
selection.

The ROOTOUT optiort! cannot be combined with the COMPACT option.

The appropriat€++-routines used in the ROOTOUT option are available from tkeé wage
http://www-ik.fzk.de/"rulrich/coast and must be installed in a subdirectory
defined by the environment variall€ OASTDIR/ . Before the CORSIKA installation, COAST
must have been compiled and installed first.

The default COAST ROOTOUT data format is thought for fast aady off-line analysis of
CORSIKA data and is NOT a general replacement for CORSIKAtyimata files. Due to the
chosen data structure one shower including all particldsairCherenkov photons is stored in
the computer’'s memory entirely before it is written to di$kis needs a lot of memory for high
energy and/or high quality showers.

To obtain this program version the ROOTOUT option has to tecssd when extracting the
FORTRAN code from the source file amdot and COAST must be installed on your system.

4OThrough the COAST package which should be installed in thdisactory defined in the environment variable
$COASTDIR/ .
41This option compiles only on LINUX and Mac-OSX machines.
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3.5.18 ROOTRACK Option

Similar to the ROOTOUT option (Sect. 3.5.17) the ROOTRACHKi@pselect +-+-routines?
which directly transmit the path elements of all trackedipbes to ROOT. With the routines of
the COASTUSER LIB package the crossing of a particle track through thamecl observation
plane specified by the keyword INCLIN (see Sect. 4.54 pages/@lculated and the particle
coordinates in the observation plane are written out to tae Bl AT nnnnnn.inclined.binary’
(see Sect 10.4 page 103).

The ROOTRACK option is also necessary for the simulationaafie emission with REAS
(Radio Emission fromAir Showers) [25]. Further details you find in the REAS manual an th
web page of REAS [42].

The ROOTRACK optioft cannot be combined with the COMPACT option.

The appropriateC++-routines used in the ROOTRACK option are available from \tred
pagehttp://www-ik.fzk.de/ rulrich/coast and must be installed in a subdirec-
tory defined by the environment varia€OASTDIR/ . Before the CORSIKA installation,
COAST must have been compiled and installed first.

To obtain this program version the ROOTRACK option has todlected when extracting the
FORTRAN code from the source file amdot and COAST must be installed on your system.

3.5.19 SLANT Option

With the SLANT option the longitudinal distributions (pag® and Sect. 10.6 page 103) are
given in slant depth bins along the shower axis instead ¢icadepth bins used in the standard
case. This slant depth scale is more appropriate to inagtigs of very inclined showers.

In the SLANT option [43, 44] the ionization energy loss, defilen within the Earth’s magnetic
field, and the generation of Cherenkov photons is enabledhfarged hadronic primaries on
their path between entering the atmosphere and the firgaatien (which is disabled in the
standard version without using keyword TSTART, page 55).e @lrival time refers to the
margin of the atmosphere, which is indicated by a negatiheevaf element 7 of the event
header block (page 97).

To obtain this program version the SLANT option has to bedetbwhen extracting thedr-
TRAN code from the source file.

3.5.20 STACKIN Option

With the STACKIN option the parameters of secondary patielill be read into the CORSIKA
stack. Thus interactions of very exotic primaries may batee off-line in a suitable interaction
program avoiding a direct coupling of such programs with GDEA. The air shower gener-
ated by these resulting secondary patrticles is simulat€@ORSIKA, and all options may be
combined with STACKIN. To characterize the altitude of thstfinteraction the keyword FIX-
HEI must be used, the shower axis is defined by the angles TIREaIA PHIP (pages 53 and

42Through the COAST and COASUSERLIB packages which should be installed in the subdirectefjne:d
in the environment variabl@COASTDIR/ .
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54). This externally treated first interaction starts theeklby default (the keyword TSTART is
disabled).

The file containing the parameters of the particles has t@beifsed by the keyword INFILE
(page 56) and is read in via the logical unit LSTCK (by defa@ltpage 20). The firstline is read
with free format (with a leading blank character) and cargahe number of secondaries and
the primary energy. The following lines are read with thexfat (215,4(1X,E15.7)) containing
current particle number, particle type (see Table 4 paget8&)I energy (GeV), longitudinal
momentum (GeV/c), and transverse momenta (GeV/c). The manaee taken relative to the
direction of the shower axis (direction of the exotic pd€efjc

To obtain this program version the STACKIN option has to biected when extracting the
FORTRAN code from the source file.

3.5.21 TAULEP Option

In the standard CORSIKA program thedeptons cannot be treated. The TAULEP option [38]
(as well as the CHARM option) enables the treatment ofrtheptons, their decays are treated
by the PYTHIA package [19]. Therefore (except in combinatioth the DPMJET high-energy
interaction code) the PYTHIA 6.421 package has to be irestail thepythia/  subdirectory
for automatic compilation and linking. In combination wilPMJET the implicit PYTHIA
6.115 package is used and needs no extra linking. The TAUldEBromay be combined with
all high-energy interaction models.

All possible interactions (bremsstrahlung, pair produttnuclear interactions) of theleptons
are respected in a manner analogously taiteptons. For the treatment of primary andz;
neutrinos the TAULEP (or CHARM) option has to be combinedwtite NUPRIM option (see
page 41). For tracing back PYTHIA problems the PYTHIA keyd/sravailable, see Sect. 4.81
(page 80).

To obtain this program version the TAULEP option has to bedeld when extracting the
FORTRAN code from the source file. Please verify that you have dovdddahe PYTHIA
6.412 package from the PYTHIA web page to gythia/  subdirectory.

3.5.22 Option for Thinning

For primary energied’, > 10'°® eV the computing times become excessively long (they
scale roughly with the primary energy). To reduce the tinodslerable durations the so-called
‘thin sampling’ mechanism (also named ‘variance reductj6]) is introduced [40]. When
thinning is active all particles below the adjustable fiactof the primary energy (thinning
level ¢,, = E/E,) which emerge from an interaction are exposed to the thghalgorithm.
Only one of these particles is followed and an appropriatghies given to it, while the other
particles below the thinning level are dropped. Details lnis formalism may be found in
Refs. [16, 40, 45].

A further improvement [46] to reduce undesired statistiltadtuations of particle densities far
from the shower core uses a limitation of the weights. Pagiemerging from an interaction
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Eth none 107 10 10°* 1073
Time (min)| 98 51 7.2 1.2 0.16
particles | 413078 58313 11466 2211 419

Table 2: Computing times and number of particles for various thigrigvels, without application of
weight limits and radial thinning.

which would exceed a specified weight limit are excluded fittwn thinning algorithm. Us-
ing different weight limits for em-particles and hadronicoluding muonic) particles enables
a drastic reduction of computing time, if the user’s intelissfocused onto a precise lateral
distribution of muons on the expenses of larger fluctuatairiee em-part.

A third algorithm to save space on disks reduces the numbpanticles close to the shower
core where anyway the detectors will saturate. Particlegirg at the detector level within
a selected core distancenaxr are selected at random with a probabilityob oc (r/rmaz)?
and, when survivintj, their weight factor is multiplied with the inverse of thisopability,
irrespective of exceeding the weight limit. This radialnthing is not effective for the table
output ‘DATnnnnnn.tab’ (see keyword PAROUT page 74 and Sect. 10.7 page 104jpno
the ‘datnnnnnn.lhbook file generated in the ANAHIST and/or AUGERHIST verss.

Via the keyword (page 67)

THIN EFRCTHN WMAX RMAX

you may specify the energy fraction EFRCTHN of the primargregg, below which the thinning
process becomes active. Above this energy no thinning aki tplace. WMAX gives the
maximum weight factdf, which should not be exceeded. The core distance up to whieh t
radial thinning at detector level takes place is specifieRMAX.

Via the keyword (page 67)

THINH THINRAT  WEITRAT
or the keyword (page 68)
THINEM THINRAT  WEITRAT

differing thin levels and weight limits can be specified fadhonic or electromagnetic particles
overwriting the ratios

THINRAT = ey, letn,,,, and  WEITRAT = WMAX.,,/WMAX },.4,
which are set to 1 by default.

The effect of various thinning levels;, = E/E, on the computing time and the number of
particles on MPATAP may be seen from Table 2 which is estabtiswith default CORSIKA

43To ensure the surviving of enough particles close to the shewis RMAX should be chosen not too large.
4n case of a primary energy spectrum (ULIME LLIMIT) the value of WMAX is used for the low energy
end of the energy interval and slides to higher values adogwaith the sliding primary energy.
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parameters (QGSJET option, EGS4 activated) for vertiaatigorinduced showers dab'® eV
primary energy (DEC 3000/600 AXP with75 MHz), with ... /e,.,. = 1, with infinite
weight limit, and without radial thinning. As to each paléi@n appropriate weight must be
attributed, the output format described in Sect. 10.2 (k) has to be changed to incorpo-
rate this additional parameter of each particle. ConseubPATAP and MCETAPoutput
data generated with the THIN option differ from those generated in simulations without this
option (see also Sect. 10.2.2 page 102).

An optimum choice of the various thinning parameters depem the information which
should be drawn from the simulations. To minimize the addgi fluctuations (caused by
the thin sampling algorithm) for muonic particle densi@$arge distances 300 m from the
shower core - which is one of the problems of the Auger expemirma suitable setting [46] of
WEITRAT would be

WEITRAT ~ 100

while the choice of WMAX is optimized for the primary enerdgy (given in GeV) and the
selected thinning level EFRCTHN for em-particles to

WMAX = EFRCTHN - Ej.

To obtain this program version the THIN option has to be detbevhen extracting thedr-
TRAN code from the source file.

3.5.23 UPWARD Option

The UPWARD option selects code which treats the upward liray@articles. For primary
particles the zenith angle is restricted)to< 6 < 70° and110° < 6 < 180° .

No additional keyword has to be specified.

The UPWARD option might be combined with the CURVED optioagp 39). This enables to
start showers with arbitrary zenith angl&s< 6 < 180° and secondary particles with arbitrary
zenith angles are followed. [44].

For showers with skimming incidence:(ith angle = 90°) the minimum altitude of the shower
axis above sea level is specified by HIMPA@)T(keyword IMPACT, page 56) and defines the
geometry completely. The zenith angle at the entrance @tmosphere is calculated with it.
The angles THETPR) (see keyword THETAP page 53) have no meaning and are oderrid
The keyword IMPACT may be combined with the keywords FIXHRage 55) or FIXCHI
(page 55) to start the shower before reaching the minimuindt of the shower axis.

For showers with zenith angles 90° (e.g. initiated by neutrinos, page 41) the starting point
of the shower rsp. the first interaction must be defined by #dysvkrds FIXHEI (page 55) or
FIXCHI (page 55); in this case the observation level (pagentdst be chosen preferentially at
the top of the atmosphere, but at minimum above the starting pf the shower. (The shower
axis must cross the observation level.)

To obtain the UPWARD program version the UPWARD option hdsd@elected when extract-
ing the FORTRAN code from the source file.

48



3.5.24 Viewing Cone Option

The VIEWCONE option enables the generation of showers withe viewing cone of e.g. a
Cherenkov telescope. Around the fixed incidence angle debgerlHETPR(1) and PHIPR(1)

(page 53) a (hollow) cone is defined with its tip pointing toslsathe detector. The inner and
outer limiting angles of this cone are defined by the keywdEWCONE (page 54). The zenith
angular dependence of the chosen detector geometry (se€3e25 below) is maintained for
flat horizontal rsp. spherical detectors, while the VOLUMERR option is not supported.

Showers originating from those portions of the cone whiateexl the allowed range of COR-
SIKA are not simulated, rather they are skipped and a neweasgelected at random out of
the range of the cone.

To obtain this program version the VIEWCONE option has todlected when extracting the
FORTRAN code from the source file.

3.5.25 Volume Detector and Vertical String Geometry Optiois

With this options it is possible to select at random the feaiigle in a manner which respects
the geometrical acceptance of the detector.
Thedefault primary intensity distributiord goes with the zenith anglelike

I o< sinf - cost

Thesin term respects the solid angle element of the sky, whiledkeéerm takes the geometri-
cal efficiency of a flat horizontal detector into accd@nf his allows to use each shower several
times with the shower axis intersecting the detector arrily @qual distribution inc andy at
random. The area to be covered by randomly scattering thveestaxis is independent from the
zenith angle and extends horizontally.
Using the VOLUMEDET option, the primary intensity distriftan / goes with the zenith angle
like

I < sind

respecting only the solid angle elements of the sky. Thipsapriate for detectors of approx-
imated spherical geometry, e.g. atmospheric Cherenkegdepes. To use a shower several
times you might scatter it on an area, which has fixed extessioa plane perpendicular to the
shower axis.

Using the VOLUMECORR option, the primary intensity distriton is a more complicated
function of the zenith angle, which respects the geometgylohg vertical string detector (e.qg.
AMANDA experiment [47] and other neutrino telescopes) véttatio of/ /d =length/diameter

of the sensitive volume. The functional form of the zenitlglardistribution becomes

I o< (d/2)? - m-sinf - (cosh +4/7 - 1/d - sind)

45Selecting in the CURVED version the zenith anglat random one should keep in mind that for the default
version the probability vanishes ét= 90°. If the zenith angle range is specifiedéas< 6 < 65 with §; < 90°
and90° < 6, the zenith angle is selected at random from NAN 180° — 65) < 8 < MAX (67, 180° — 65).
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The I/d ratio (defining the DETector ConFiGuration) has to be readismg the keyword
DETCFG (page 73).

The VOLUMECORR option cannot be combined with the VIEWCON#Hion.

To obtain these program versions the VOLUMEDET rsp. VOLUMERR option has to be
selected when extracting th@RTRAN code from the source file.

3.6 Combination of Options

In principle most options may be combined. Do not combine KAWvith the present version
DPMJET 2.55 because of severe clashes caused by duplicatsd COMMONS and sub-
routines. DPMJET, EPOSJEXUS, QGSJET, and SIBYLL are tested only with UNIX work
stations. You can not select more than one high-energy amtbanenergy hadronic interaction
model at a time. In principle a combination of NUPRIM with a#idronic interaction models is
possible (page 116).

The CHARM option makes sense only with the interaction me@#*MJIET or QGSJETO01c
(with EPOS in preparation), as only these interaction moded producing charmed particles
explicitely.

The combination of PRESHOWER with NUPRIM makes no sense as gomary may be
either a high-energy gamma ray or a neutrino. Neither PRBSHR nor NUPRIM may be
combined with STACKIN.

The ROOTOUT and ROOTRACK options cannot be combined wittG&@&PACT option.
The combination of INTTEST with PLOTSH or PLOTSH2 is not reaable as inthe INTTEST
option the development of showers is suppressed. Also a ioatidn of INTTEST with
ANAHIST, AUGERHIST, CURVED, EHISTORY, PRESHOWER, STACK]Nr THIN gives
no sense, as you are simulating just the first interactiohowmit development of a complete
shower. A combination with UPWARD makes no sense as in INTTE8yway all upward
going particles are respected. The combination of NUPRIEBMWITTEST is not supported.
The combination of FLUKA with INTTEST is not foreseen.

IACT is only possible with CERENKQV; IACT and ATMEXT have bedested only with
UNIX computers.

VOLUMEDET and VOLUMECORR exclude each other, as you may uslg one detector
geometry at a time. Similarly INTCLONG and NOCLONG are extthg each other.

As in the CEFFIC option the atmospheric absorption is taeately in a manner suited for
planar atmospheres, you should not combine the CURVED roptith CEFFIC.

The combination of VOLUMECORR with VIEWCONE is not suppaite

The AUGERHIST option cannot be combined with the IACT, CURYENTTEST, PLOTSH,
or PLOTSH2 options.

Using thecoconutscript file (see Sect. 2.2.2 page 13) conflicting optionsradecated and will
be avoided automatically.
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4 Steering of the Simulation

The simulation of air showers is steered by commands (keysyahat have to be given on
unit MONIIN (MONItor INput) in the card image format. A commd consists of a keyword
usually up to 6 characters long (left shifted, upper or loease characters) and one or more
arguments in the form:

KEYWRD argl arg2 arg3 ... arg$n$ comments

The keyword and the arguments must be separated at minimwnéyplank. The last argu-
ment may be followed by comments up to column 140. Additimeahments may be given on
separate lines with the first 6 characters (the keyword) ligptk, with the first character@aor

a Cfollowed by a blank, or with the first charactekaln the IACT option (page 34) the lines
starting with ‘IACT ’ are treated additionally as commemids. Internally all characters includ-
ing the keywords are converted to upper case characterspiettee characters following the
keywords EPOPAR, DATDIR, DIRECT, HISTDS, HOST, IACT, INFH. NEXPAR, TELFIL,
and USER. If you want to specify one of these character argtsrgy a blank, you should
include the blank within apostrophes or quotation markse $équence of steering keywords
is arbitrary. The valid keywords, the internal argument aantheir nature (A = character, F =
floating, | = integer, or L = logical), their default settingbeir descriptions, and their limita-
tions are listed in the following.

As CORSIKA is primarily designed to simulate EAS in the eryergngel0!! eV to some
10%° eV the code contains parameterizations and approximatibich are valid only for a
limited range of some arguments. Leaving the recommendwgnaight cause incorrect results
or even end the execution of the program with an error message

4.1 Run Number

RUNNR NRRUN

Format = (A5, I), Default = 1

NRRUN : Run number of this simulation. This number is usedtofpart of the name of the
various output files.

Limitis: 0 < NRRUN < 999999

4.2 First Event Number
EVTNR SHOWNO

Format = (A5, I), Default = 1

SHOWNO : Event number of first shower. The second shower wilhgimber
SHOWNO-+1 and so on.

Limitis: 1 < SHOWNO< 999999
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4.3 Random Number Generator Initialization
SEED ISEED(i,k),i=1... 3

Format = (A4, 3I), Defaults %, 0, 0

ISEED(l, k) : Contains the seed of the random number sequiénce

ISEEDQ..3, k) : Contain the number of call§;,, to the generator that are performed for initial-
ization such thatV;, =ISEEDQ, k) + 10°-ISEED@, k).

At present at mosk = 5 sequences are used: Sequence 1 for the hadron shower, 2for th
EGS4 part, 3 for the simulation of Cherenkov photons (ony@dERENKQOV option), 4 for the
random offset of Cherenkov telescope systems with resgpéaeio nominal positions (only for
IACT option), and 5 for the HERWIG routines in the NUPRIM apti Their activation follows
the sequence of occurrence of the keyword lines.

At minimum 2 seeds must be activated.

The use of ISEEDY; k) > 0 and especially of ISEED( %) > 0 should be avoided as presetting
the random number generator by billions of calls needs denable computing time. To get
different random sequences it is sufficient to modify ISEER].

When theeventio and other separate functions are enabled in the IACT opgiomexternal
random generator may be used.

Limit (to get independent sequences of random numbers)<SISEED(1, £) < 900 000 000

4.4 Number of Showers
NSHOW NSHOW

Format = (A5, I), Default = 10
NSHOW : Number of showers to be generated in a run.
Limitis: NSHOW > 1

4.5 Primary Particle Definition
PRMPAR PRMPAR(1)

Format = (A6, I), Default = 14

PRMPAR(1) : Particle type of the primary particle. See Tab{page 88) for the particle codes.
Limits are: 1< PRMPAR(1)< 5699 . Vector mesons, resonances, and charmed patrticles are
excluded because of their short life time. Primary neusican only be used in the NUPRIM
option (page 41). Instable nuclei with mass number 5 or 8 neayded only with SIBYLL or
QGSJET, for other models the cross-sections are not defined.

This keyword is not available in the STACKIN option.
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4.6 Energy Range
ERANGE LLIMIT  ULIMIT

Format = (A6, 2F), Defaults = 1.E4, 1.E4

LLIMIT : Lower limit and

ULIMIT : Upper limit of the primary particle energy range (&eV). The primary energy is
selected at random out of this interval. If LLIMIT = ULIMIThe primary energy is fixed at this
value.

The energies are total energies and include the partiderass.

Limits are: LLIMIT > HILOW (by default 80 GeV/nucleon for nuclei, see page 65)phe
this limit a simple superposition model is used. ULIM 1.E11 GeV for primary photons
and electrons (but keep in mind that no LPM-effect is inctigdleNKG!); for primary hadrons
and nuclei no upper limit is recommended, b user should take care not to over-stretch
the selected hadronic interaction model See also Ref. [21]. It is recommended for HDPM:
ULIMIT < 1-10' eV and for VENUS: ULIMIT< 2-10'6 eV.

This keyword is not available in the STACKIN option.

4.7 Slope of Spectrum
ESLOPE PSLOPE

Format = (A6, F), Default = 0.

PSLOPE : Exponent of differential primary energy spectrum. The primary elyagjtaken at
random from an exponential energy spectrum of the faffidE, o« Ej. PSLOPE has no
meaning in case of fixed primary energy. The energies arkegioéagies and include the particle
rest mass.

This keyword is not available in the STACKIN option.

4.8 Zenith Angle Definition
THETAP THETPR(1) THETPR(2)

Format = (A6, 2F), Defaults = 0., O.

THETPR(1) : Low edge of zenith angle range of primary pagti@h °).

THETPR(2) : High edge of zenith angle range of primary p&t{m °).

The zenith angle is selected at random out of this interva manner which respects equal
particle fluxes from all solid angle elements of the sky anégistration by a horizontal flat
detector arrangemefit THETPR is the angle of incidence at a horizontal detectBlETPR()

46]n the case you use a volume detector (sphere) or a vertingldming detector instead of a flat horizontal de-
tector, you should respect this by selecting the preproceggion VOLUMEDET (for sphere) or VOLUMECORR
(for vertical long string) to get the angular dependencéefshower intensity as observed with such detectors (see
Sect. 3.5.25 page 49).
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= 0. is vertical. If THETPR(1) = THETPR(2), the zenith angddiked at this value.
Limits*” are: 0< THETPR() < 70.

4.9 Azimuth Angle Definition
PHIP PHIPR(1)  PHIPR(2)

Format = (A4, 2F), Defaults = 0., O.

PHIPR(1) : Low edge of azimuth angle range of primary paet{ah °).

PHIPR(2) : High edge of azimuth angle range of primary phtjin °).

The azimuth angle is selected at random out of this interval.

If PHIPR(1) = PHIPR(2), the azimuth angle is fixed at this eal&or¢ = 0° the shower axis
points to magnetic North, fas = 90° it points to West, see Fig. 1 (page 86).

Limits are: -360.< PHIPR() < 360.

4.10 Viewing Cone Specifications
VIEWCONE VUECON(1) VUECON(2)

Format = (A8, 2F), Defaults = 0., 0.

VUECON(1) : Inner limiting angle of viewing cone (it).

VUECON(2) : Outer limiting angle of viewing cone ().

The VIEWCONE option (see Sect. 3.5.24 page 49) selects thetwtin of primaries in a circu-
lar cone around the fixed primary direction THETPR(1) andfR{ll) (page 53) with the inner
opening VUECON(1) and the outer opening VUECON(2). The threangular dependence of
the selected detector geometry is maintained for flat hote@dasp. spherical detectors (see
Sect. 3.5.25 page 49).

Limits: 0. < VUECON(1) < VUECON(2) < 90. The generation of showers with angles be-
yond the range of the program validity is skipped.

This keyword is only available in the VIEWCONE option.

47The zenith angle limitation is recommended for the stan@®RSIKA version because of some approxima-
tions made in subroutineKG. At 8 > 70° also the curvature of the Earth’s surface must be taken itdouant.
For large zenith angles you should use the CURVED optiond 3.
For the CURVED option the limit is & THETPR¢) < 90.; for the CURVED option combined with the
CERENKOV option the limit is 0< THETPR¢)< 88.
For the UPWARD option with upward going primary the limitedr10.< THETPR(¢) < 180.
For the CURVED option combined with the UPWARD option THETPRas to be chosen in a manner excluding
the range 90< THETPR¢) < 90. +4. The angle) <90° is spanned between the upward going shower axis and
the horizontal detector plane above the shower startingtpBurther details are given in [44, 48]. The keyword
IMPACT (page 56) for skimming horizontal showers overridétETPR().

48|n the output file the correspondigof each shower is given in the range#, =] radian.
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4.11 Starting Altitude
FIXCHI THICKO

Format = (A6, F), Default = 0.

THICKO : The starting altitude (in g/chmass overburden) of the primary particle is set for
all showers. This choice is not effective if the height of thst interaction is set by FIXHEI

> 0. (see Sect. 4.13 below). With this keyword the developroéatib-showers starting at the
chosen altitude within the atmosphere may be followed. Téisg altitude must be above the
lowest observation level.

In the UPWARD option with an upward primary particle the stay altitude must be below the
observation level (page 48).

Limitis: 0. < THICKO.

4.12 Starting Point of Arrival Timing
TSTART TMARGIN

Format = (A6, L), Default = F

TMARGIN : Flag indicating the starting point of the arrivaite scale. If TMARGIN = .false.,
the first interaction starts the clock. If TMARGIN = .truehetentrance into the atmosphere
(rsp. THICKO, see above) is taken for starting the interhatlc. Additionally, the ionization
energy loss, deflection within the Earth’s magnetic fieldl tie generation of Cherenkov pho-
tons is enabled for charged hadronic or muonic primariesheir path between entering the
atmosphere and the first interaction, which otherwise slded in the standard version (for the
CURVED and SLANT options see page 39 rsp. 45). For TMARGINrgetthe height of the
first interaction is written negative to element 7 of the evezader block.

This keyword is not available in the CURVED, SLANT, or STAGKDbptions. TMARGIN is
set .true. by default in the CURVED, SLANT, and IACT optiobsit it may be overridden in
the IACT option.

4.13 First Interaction Definition
FIXHEI FIXHEI  N1STTR

Format = (A6, F, I), Defaults = 0., 0

FIXHEI : Fixes the height (in cm) of the first interaction ofdranic primaries (rsp. the start-
ing altitude for em-particles) for all showers in a run. IKHEI = 0., the height of the first
interaction is varied at random according to the approprmatan free path. In case of unstable
hadronic primaries and fixed height the first interaction wilt be a decay. The fixed height
must be above the lowest observation level. If FIXHED. is set, the starting altitude of the
primary is not effective (see Sect. 4.11 above).
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In the CURVED option the keyword FIXHEI cannot be used for primaary particles.

In the UPWARD option with an upward primary particle the stay altitude must be below the
observation level (page 48).

In the STACKIN option FIXHEI is needed to specify the altiaudf the first, externally treated
interaction.

N1STTR : Fixes the target of the first interaction: 1 = Nitrog2 = Oxygen, 3 = Argorglse =
random selection according to the atmospheric abundaftes.option is only applicable for
high-energy hadronic primaries, i.e. primaries with anrgn@er nucleon of;,, > HILOW
(see page 65). Also in the NUPRIM option it may be used. In cdsestable hadronic pri-
maries and predetermined target the first interaction willoe a decay.

Limits are: 0.< FIXHEI < border of atmosphere at 112.8E5 cm for atmospheric models 1
MODATM < 9 or MODATM > 17 .

4.14 Skimming Incidence
IMPACT HIMPACT(1) HIMPACT(2)

Format = (A6, 2F), Default = 0., 0.

HIMPACT(1) : Lower value (in cm) for minimum altitude of haental shower axis.
HIMPACT(2) : Upper value (in cm) for minimum altitude of hadntal shower axis. The actual
minimum altitude is selected at random out of this intervahwniform distribution. Zenith
angles given by the keyword THETAP (page 53) are overridgesndalculation from the actual
minimum altitude. See UPWARD option page 48.

Limits are: OBSLEV(1)< HIMPACT(7) < min( FIXHEI, FIXCHI, border of atmosphere [at
112.8E5 cm for atmospheric modelsxiIMODATM < 9 or MODATM > 17]).

This keyword is only available in the combination of the CURY option with the UPWARD
option.

4.15 Stack Input File Name
INFILE FILINP

Format = (A6, A64), Defaults =*’

FILINP : File name to define the name and directory of the ifp@itontaining the parameters
of secondary particles (see Sect. 3.5.20 page 45). Lower dzaracters of FILINP are not
converted to capitals. Please keep in mind thatd®RFRAN an automatic expansion of UNIX
names like home’ is not possible, rather you should give the full expandeshe@af the direc-
tory ending with a ‘/’ character.

Limitis: FILINP must not begin with a (tilde) character.

This keyword is only available in the STACKIN option.
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4.16 Atmospheric Model Selection
ATMOD MODATM

Format = (A5, I), Default = 1
MODATM : Gives the number of the atmospheric parameterizati

MODATM = 0: Atmosphere as read in by keywords ATMA, ATMB, ATM@nd ATMLAY
(uppermost layer unchanged).

MODATM = 1: U.S. standard atmosphere as parameterized bsléyn

MODATM = 2: AT115 Central European atmosphere for Jan. 19319

MODATM = 3: AT223 Central European atmosphere for Feb. 23319

MODATM = 4: AT511 Central European atmosphere for May 11,399

MODATM = 5: AT616 Central European atmosphere for June 16319

MODATM = 6: AT822 Central European atmosphere for Aug. 2293.9

MODATM = 7: AT1014 Central European atmosphere for Oct. 993

MODATM = 8: AT1224 Central European atmosphere for Dec. 293l

MODATM = 9: Atmosphere as read in by keywords ATMA, ATMB, ATMCayers as in MO-
DATM=1...8.

MODATM = 10: Atmosphere as read in by keywords ATMA, ATMB, AT®J and ATMLAY
(uppermost layer also read in).

MODATM = 11:
MODATM = 12:
MODATM = 13:
MODATM = 14:
MODATM = 15:
MODATM = 16:
MODATM = 17:
MODATM = 18:
MODATM = 19:
MODATM = 20:
MODATM = 21:

South pole atmosphere for March 31, 1997 (MS(BE.
South pole atmosphere for July 01, 1997 (MSISED0
South pole atmosphere for Oct. 01, 1997 (MSISED0
South pole atmosphere for Dec. 31, 1997 (MSISEH0
South pole atmosphere for January after Lipari.
South pole atmosphere for August after Lipari.
Malargiie winter atmosphere | after Keilhauer.
Malarguie winter atmosphere Il after Keilhauer
Malargiie spring atmosphere after Keilhauer.
Malargiie summer atmosphere after Keilhauer.
Malargiie autumn atmosphere after Keilhauer.

MODATM = 22: U.S. standard atmosphere as parameterized biiddesr.
The various atmospheric models are described in AppendpaDd 120 ff.).
Limits are:0 <MODATM < 22

4.17 Atmospheric Parameters A(i)

ATMA AATM1  AATM2  AATM3  AATM4 (AATM5)

Format = (A4, 4F), Defaults = 0., 0., 0., 0. (for ATMOD 0)

Format = (A4, 5F), Defaults = 0., 0., 0., 0., 0. (for ATMOD 10)

AATMi : A-parameters for 4 layers of atmospheric model # Of@r5 layers of atmospheric
model # 10). For thé'" layer a linear decrease is assumed, which in case of ATMODse6 u
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the same parameters as the U.S. standard atmosphere. TedogitisATMOD =0 or 10.
Limitis: 0. < AATM5

4.18 Atmospheric Parameters B(i)
ATMB BATM1 BATM2 BATM3  BATM4

Format = (A4, 4F), Defaults = 0., 0., 0., 0.

BATMi : B-parameters for 4 layers of atmospheric model # Or fhe 5" layer a linear de-
crease is assumed with the same parameters as for the ULh@arstaatmosphere. To be used
with ATMOD =0 or 10.

Limits are: BATMi # 0.

4.19 Atmospheric Parameters C(i)
ATMC CATM1 CATM2 CATM3 CATM4  (CATM5)

Format = (A4, 4F), Defaults = 0., 0., 0., 0. (for ATMOD 0)

Format = (A4, 5F), Defaults = 0., 0., 0., 0., 0. (for ATMOD 10)

CATMi : C-parameters for 4 layers of atmospheric model # Of¢or5 layers of atmospheric
model # 10). For thé'" layer a linear decrease is assumed, which in case of ATMODse6 u
the same parameters as the U.S. standard atmosphere. TedogitisATMOD = 0 or 10.
Limits are: CATM > 0.

4.20 Atmospheric Layer Boundaries

ATMLAY HLAY2  HLAY3 HLAY4  HLAY5
Format = (A6, 4F), Defaults = 4.D5, 10.D5, 40.D5, 100.D5
HLAYi : Layer lower boundaries (in cm) for the layers of atmpbgric model # 0 and # 10. A
value of 0. is adopted for the HLAY 1. If not specified, the ddfaalues of MODATM =1 are
used for MODATM = 0 and 10. For other models (MODAT¥O0 and+# 10), the default values

correspond with the selected model MODATM. Should only bedusith ATMOD =0 or 10.
Limits are:0. < HLAYi.

4.21 External Tabulated Atmosphere
ATMOSPHERE IATMOX  FREFRX
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Format = (A10, |, L), Defaults =0, F

IATMOX : Use MODTRAN [36] atmospheric modéATMOX = i (in terms of density and
refractive index) instead of CORSIKA built-in model. Theqquires a file nameatmprof .dat.
MODTRAN model atmospheres supplied with the ‘bernlohr’kege include tropicali (= 1),
mid-latitude summer (2), mid-latitude winter (3), subtarcsummer (4), sub-arctic winter (5),
and U.S. standard atmosphere 1976 (6). Additionally folMi#&S1C Cherenkov telescope on
La Palma the summer (7) and winter (8) atmospheres[51] aplied. The atmosphere (9)
gives the winter atmosphere at the South pole. User supmleztels are possible & 9).
FREFRX : If .true., the atmospheric refraction for Cheranghotons is taken into account (for
plane-parallel atmosphere); if .false., refraction isoiggd. The value of this second argument
is ignored if the CERENKQV option is not selected.

This keyword is only available in the ATMEXT option and nedii&ing with the (compiled)
atmac routines of the ‘bernlohr’ package.

4.22 Earth’s Magnetic Field
MAGNET BX Bz

Format = (A6, 2F), Defaults = 20.40, 43.23

BX : Is the horizontal component of the Earth’'s magnetic fi@d.T) to the x-direction of the
detector (North) and

BZ : Is the vertical component of the Earth’s magnetic field (1) downwards.

The default values represent the magnetic field for the Karkslocation. The values of other
locations may be obtained from the progréfromag which is available on-line in the world
wide web [52]. The value H ofreomag corresponds with our BX, the value Z with our BZ.
For orientation see also Fig. 1 (page 86).

Limits are: BX, BZ# 0..

4.23 Experiment Coordinates for Pre-showering
GCOORD GLONG GLATI GRFYEAR IPREPR IPRSTP

Format = (A6, 3F, 2l1), Defaults = -69.585, -35.463, 20030 1,

GLONG : Gives the geographical longitude {inWest length is negative) of the experiment.
GLATI : Gives the geographical latitude (fn South latitude is negative) of the experiment.
GRFYEAR : Gives the year of the experiment (the magnetic felgarying with time). These
coordinates are used to calculate the magnetic dipole ffeltedEarth’s globe above the atmo-
sphere of the experiment’s position in the case of a pre-showluced by ultra-high energetic
primary photons. The default values give the position coates of the southern Pierre Auger
Observatory at Malarguie (Argentina) for the year 2003.
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IPREPR : Print indicatdf: IPREPR< 0 disables pre-shower printing; IPREPR = 1 prints de-
tails of pre-shower in case of MAXPRT (page 73) or DEBUG (p@8g IPREPR> 2 always
prints details of pre-shower.

IPRSTP : If IPRSTRZ 0 events without pre-showering are skipped.

Limits are: -180.< GLONG < 180.; -90.< GLATI < 90.; 1965.< GRFYEAR < 2015.

This keyword is only available in the PRESHOWER option.

4.24 DPMJET Selection Flag
DPMJET FDPMJT  LEVLDB

Format = (A6, L, I), Defaults =T, O

FDPMJT : If .true., the DPMJET routines are used to treat figa-Jenergy hadronic interac-
tions. If .false., the HDPM routines are used to treat thétg@gergy hadronic interactions.
LEVLDB : Gives amount of debug output for the DPMJET code isecaf DEBUG. With in-
creasing value up to 8 the debug output becomes more and retaiéed. This output cannot
be redirected and always appears on unit 6.

Limits are: O< LEVLDB < 8.

This keyword is only available in the DPMJET option.

4.25 DPJSIG Selection Flag
DPJSIG FDPJSG

Format = (A6, L), Default =T

FDPJSG : If .true, the DPMJET high-energy hadronic crostiaes are used. If .false., the
default cross-sections as described in Ref. [3] are used.

This keyword is only available in the DPMJET option.

4.26 EPOS Selection Flag
EPOS FNEXUS  ISHON

Format = (A5, L, I), Defaults =T, 0

FNEXUS : If .true., the EPOS routines are used to treat thk-bigergy hadronic interactions.
If .false., the HDPM routines are used to treat the high-gybadronic interactions.

ISHON : Determines amount of debug output for the EPOS restiWith increasing number

49The print statements within the PRESHOWER C-routines vanitly to the standard output. A redirecting of
the standard output to a logical unit differing from 6 (segwerd OUTPUT page 75) usually will not affect the
output of the PRESHOWER C-routines.
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ISHON > 0 the output becomes more and more detailed. This outputeppa the unit MDE-
BUG.

For more information look into the EPOS documentation. Aiddal debugging is effective by
setting print parameters using EPOPARNt . ... This debug output is written to thieh  file
(see Table 1 page 21).

Limits are:0 < ISHON < 9.

This keyword is only available in the EPOS option.

4.27 EPOS Parameters
EPOPAR parcha

Format = (A6, A74), Defaults =* ’

parcha: Command line to be read by subroutimeead of program block eposbas-xxx.f.

The possible command lines are described in the EPOS docatioen Use lower case charac-
ters. Lower case characterspErchaare not converted to capitals. Do not use the commands
application .., set nevent ..run, or stopwithin your input parameters, these will cause unpre-
dictable results or crashes. Onlyos.inizz names might be changed by standard (8ers

This keyword is only available in the EPOS option.

4.28 EPOSIG Selection Flag
EPOSIG FNEXSG

Format = (A6, L), Default =T

FNEXSG : If .true., the EPOS high-energy hadronic crossiwes are used. If .false., the de-
fault cross-sections as described in Ref. [3] are used.

This keyword is only available in the EPOS option.

50A typical EPOPAR input looks like:
EPOPAR fname inics “corsika-6990/epos/epos.inics
EPOPAR fname iniev “corsika-6990/epos/epos.iniev
EPOPAR fname inihy “corsika-6990/epos/epos.inilb
EPOPAR fname inirj “corsika-6990/epos/epos.inir]
EPOPAR fname initl “corsika-6990/epos/epos.initl
EPOPAR fname check “corsika-6990/epos/epos.check
EPOPAR fname histo “corsika-6990/epos/epos.histo ! teraction test only
EPOPAR fname data “corsika-6990/epos/epos.data ! forgdgtg only
EPOPAR fname copy “corsika-6990/epos/epos.copy ! forgiging only
EPOPAR fname log “corsika-6990/epos/epos.log ! for deimggonly
EPOPAR printcheck screen ! for debugging only.
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4.29 NEXUS Selection Flag
NEXUS FNEXUS  ISHON

Format = (A5, L, I), Defaults =T, 0

FNEXUS : If .true., theNeXUS routines are used to treat the high-energy hadronic irtierec

If .false., the HDPM routines are used to treat the high-ggyhnbadronic interactions.

ISHON : Determines amount of debug output for X Us routines. With increasing number
ISHON > 0 the output becomes more and more detailed. This outputeppa the unit MDE-
BUG.

For more information look into th&EXus documentation. Additional debugging is effec-
tive by setting print parameters using NEXPARNt .... This debug output is written to the
ifch  file (see Table 1 page 21).

Limits are:0 < ISHON < 9.

This keyword is only available in the NEXUS option.

4.30 NEXUS Parameters
NEXPAR parcha

Format = (A6, A74), Defaults =* ’

parcha: Command line to be read by subrouteareadof program blocknexusbas.f. The
possible command lines are described inNEX Us documentation. Use lower case characters.
Lower case characters parchaare not converted to capitals. Do not use the commapgi-
cation .., set nevent ..run, or stopwithin your input parameters, these will cause unpredletab
results or crashes. Onhezus.inizz names might be changed by standard @ers

This keyword is only available in the NEXUS option.

4.31 NEXSIG Selection Flag
NEXSIG FNEXSG

LA typical NEXPAR input looks like:
NEXPAR fname inics “corsika-6990/nexus/nexus.inics
NEXPAR fname iniev “corsika-6990/nexus/nexus.iniev
NEXPAR fname inirj “corsika-6990/nexus/nexus.inirj
NEXPAR fname initl "corsika-6990/nexus/nexus.initl
NEXPAR fname check “corsika-6990/nexus/nexus.check
NEXPAR fname histo “corsika-6990/nexus/nexus.histo lritaraction test only
NEXPAR fname data “corsika-6990/nexus/nexus.data ! foudging only
NEXPAR fname copy “corsika-6990/nexus/nexus.copy ! fdoudgying only
NEXPAR fname log “corsika-6990/nexus/nexus.log ! for dghing only
NEXPAR printcheck screen ! for debugging only.
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Format = (A6, L), Default =T

FNEXSG : If .true., thenEXUs high-energy hadronic cross-sections are used. If .fallse.,
default cross-sections as described in Ref. [3] are used.

This keyword is only available in the NEXUS option.

4.32 QGSJET Selection Flag
QGSJET FQGS LEVLDQ

Format = (A6, L, I), Defaults =T, 0

FQGS : If .true., the qgsjet-1I-03 (rsp. QGSJETO01c) rowinee used to treat the high-energy
hadronic interactions. If .false., the HDPM routines aredu treat the high-energy hadronic
interactions.

LEVLDQ : Gives amount of debug output for the ggsjet-11-08ar QGSJETO01c) code in case
of DEBUG. With increasing value up to 4 the debug output bee®more and more detailed.
This output cannot be redirected and always appears on .unit 6

Limits are: 0< LEVLDQ < 4.

This keyword is only available in the QGSJET option.

4.33 QGSSIG Selection Flag
QGSSIG FQGSSG

Format = (A6, L), Default =T

FQGSSG : If .true., the qgsjet-11-03 (rsp. QGSJETO01c) heglergy hadronic cross-sections are
used. If .false., the default cross-sections as describBef. [3] are used.

This keyword is only available in the QGSJET option.

4.34 SIBYLL Selection Flag
SIBYLL FSIBYL ISDEBUG

Format = (A6, L), Default=T, O

FSIBYL : If .true., the SIBYLL routines are used to treat thghtenergy hadronic interactions.
If .false., the HDPM routines are used to treat the high-ggynbadronic interactions.
ISDEBUG : Debug level; with increasing level the SIBYLL 2.ghlig output becomes more
and more detailed. This output cannot be redirected andyaleyapears on unit 6.

This keyword is only available in the SIBYLL option.
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4.35 SIBSIG Selection Flag

SIBSIG FSIBSG

Format = (A6, L), Default =T

FSIBSG : If .true., the SIBYLL high-energy hadronic crogsf$ons are used. If .false., the
default cross-sections as described in Ref. [3] are used.

This keyword is only available in the SIBYLL option.

4.36 VENUS Selection Flag

VENUS FVENUS ISHOO

Format = (A5, L, I), Defaults =T, 0

FVENUS : If .true., the VENUS routines are used to treat tiglnkenergy hadronic interactions.
If .false., the HDPM routines are used to treat the high-gybadronic interactions.

ISHOO : Determines the amount of debug output for VENUS rmsgi With increasing num-
ber ISHOO> 90 the output becomes more and more detailed. This outpeappn the unit

MDEBUG. For more information look into the listing of subtoe venini

Limits are:0 < ISHOO < 98.

This keyword is only available in the VENUS option.

4.37 VENUS Parameters
VENPAR PARCHA() PARVAL()

Format = (A6, A6, F), Defaults = ", 0.

PARCHA() : Name of VENUS parameter to be changed.

PARVAL(:) : New value of VENUS parameter to be changed.

A maximum ofi = 100 VENUS parameters may be set by the user in arbitrary sequéinee
available names and their meaning may be taken from thedisti subroutineenin;.

The VENUS parameters should not be changed by standard users

This keyword is only available in the VENUS option.

4.38 VENSIG Selection Flag

VENSIG FVENSG

Format = (A6, L), Default =T

FVENSG : If .true., the VENUS high-energy hadronic crosstisas are used. If .false., the
default cross-sections as described in Ref. [3] are used.

This keyword is only available in the VENUS option.
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4.39 HDPM Interaction Parameters & Fragmentation

HADFLG NFLAIN NFLDIF NFLPIO NFLPIF NFLCHE NFRAGM

Format = (A6, 6l), Defaults =0,0,0,0,0, 2
Steering flags of the high-energy hadronic interaction rhbl@PM and of the projectile nu-
cleus fragmentation of all hadronic interaction models.

NFLAIN : The number of interactions of a projectile in a targacleus may fluctuate (NFLAIN

= 0) oris calculated as an average value (NFLA4ND).

NFLDIF : No diffractive interactions are allowed in case abmathan 1 interaction in the target
(NFLDIF = 0) or diffractive interactions are possible (NFLED#£ 0).

NFLPIO : The rapidity distribution of° is taken different from that of charged pions as indi-
cated by collider data (NFLPIO = 0) or is taken as for charged$(NFLPI10+£ 0).

NFLPIF : The number of° fluctuates in the same way as the number of charged pions (IRFLP
= 0) or fluctuates independently as parameterized fromdmoliilata (NFLPIFEZ 0).

NFLCHE : Charge exchange reactions for the proj. and targeigtes are allowed (NFLCHE
= 0) or inhibited (NFLCHE# 0).

NFRAGM : A primary nucleus fragments at the first interacteampletely into free nucleons
(NFRAGM = 0) or successively by assuming that the non-irttimg nucleons proceed as one
new nucleus (NFRAGM = 1). This new nucleus may evaporateaaund or alpha-particles with
a transverse momentum distribution according to experiat@ata [49] (NFRAGM = 2, de-
fault) or with a transverse momentum distribution accagdim Goldhaber’s theory [50] using
0.090 GeV/nucleon as the average transverse momentum (NFRAGMNFRAGM = 4 gives
identical fragments as NFRAGM = 2 or 3, but without transeersomenta.

The NFRAGM flag is used also to steer the fragmentation in Hréeous interaction models
as described for the HDPM routines. EPQ&XUs and VENUS use the same evaporation
model as HDPM with the same meaning of NFRAGM, while SIBYLLda&QGSJET deliver
themselves realistic nuclear fragments with accordingstrarse momenta; they are selected
by NFRAGM > 2. In principle DPMJET offers a very detailed nuclear fragia¢gion model
with evaporation. But there is no allowance to distribut€eTiberefore the nuclear evaporation
as used for HDPM, EPOSIEXUS, and VENUS is coupled with DPMJET and the meaning of
NFRAGM follows HDPM. Additionally NFRAGM = 5 is used to actite the DPMJET evapo-
ration module if it exists.

Limits are: 0< all flags < 100

4.40 Transition Energy between Models
HILOW HILOELB
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Format = (A5, F), Default = 80.

HILOELB : Allows to define the transition energiy(£,,, in GeV) between high and low-energy
hadronic interaction model.

Limits depend on the used interaction model, for most higérgy hadronic interaction models
the low-energy limitis in the range ef 80 GeV, for SIBYLL ~ 60 GeV, while most low energy
models enable a limit as high as several 100 GeV.

4.41 Electromagnetic Interaction Steering Flags
ELMFLG FNKG FEGS

Format = (A6, 2L), Defaults =T, F

FNKG : If .true., the NKG option is switched on for calculajinhe electromagnetic sub-
cascades analytically. For the electron kinetic energgstinold the value of ELCUT(3) is taken
(keyword ECUTS page 68). If .false., the NKG option is digabi.

FEGS : If .true., the EGS4 option is selected to calculatatdtactions o™, ¢~, and photons
in the atmosphere explicitly. (The second random numbenesazge should be initialized for
use in the EGS4 part. Otherwise the default initializat®taken.) If .false., the EGS4 option
is disabled.

In the CERENKOV option this flag is obsolete as EGS4 is seteateomatically.

The two options may be selected or disabled independentiyeatame time.

4.42 Electron Multiple Scattering Length Factor
STEPFC STEPFC

Format = (A6, F), Default = 1.

STEPFC : Factor by which the multiple scattering length feceons and positrons in EGS4
simulations is elongated relative to the value given in [18]detailed discussion on the use
of the step length is given in [30]. An enlargement of thistéaenay be tolerated to reduce
computing time, but simultaneously the electron latersiridiution on ground becomes slightly
narrower. With STEPFC = 10. the CPU-time is reduced by a fawte= 1.7 (relative to the
default value). A reduction of STEPFC will increase the cotimgy time considerably, e.g with
STEPFC = 0.1 by a factor ot 5.

Limits are: 0.< STEPFC< 10.0

52With the INTTEST option the default value of this border istatGeV rsp.101 GeV, depending whether a
high- or low-energy hadronic interaction model should Is¢d. For testing of DPMJET, EPOS:XUs, QGSJET,
and VENUS the default value is set to 49 GeV, for SIBYLL to 60MGE none of those models is selected, the
default value is set to 101 GeV to test the models FLUKA, GHIEASor UrQMD.

53In the CURVED option the NKG formulas are no longer valid,réfere the NKG flag is disabled automati-
cally in this option. The NKG flag should be disabled in the CEALT option, as the resulting NKG parameters
cannot be written out onto the particle output file.
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4.43 Radius of NKG Lateral Range
RADNKG RADNKG

Format = (A6, F), Default = 200.E2

RADNKG : Gives the outer range radius (in cm) within which flageral NKG distribution
is calculated for 10 radii equidistant in logarithmic scalkhe inner radius is always kept at
100 cm.

Limitis: RADNKG > 100.

4.44  Thinning Definition
THIN EFRCTHN  WMAX  RMAX

Format = (A4, 3F), Defaults = 1.E-4, 1.E30, 0.EO

EFRCTHN : Factor,, which defines the energy fraction of the primary energy belvich
the thinning algorithm becomes active. If the fraction iested in a manner that this energy is
below the lowest energy threshold of ELCU)[¢ = 1...4 (keyword ECUTS page 68), thinning
will not become active but the particle output data struetuill contain the weight (= 1.) for
each patrticle.

WMAX : Weight limit for thinning. If the weight of a particle>@xeeds WMAX, no further
thinning is performett.

RMAX : Maximum radius (in cm) at observation level within vehi all particles are subject to
inner radius thinning. Particles are selected with prditgbir /rmaz)*. The weight of sur-
viving particles is multiplied by the appropriate factonerse of probability). This thinning
neither affects the shower development nor the table outputhe histogram output of the
ANAHIST or AUGERHIST option, rather only the particle outgile written onto MPATAP
(and the Cherenkov output file written onto MCETAB). For RMAXO0. no radial thinning is
applied.

Limits are: ULIMIT-EFRCTHN< 1 - 10! eV (for ULIMIT see keyword ERANGE page 53);
0.1 <WMAX <1-10%.

This keyword is only available in the THIN option.

4.45 Hadronic Thinning Definition
THINH THINRAT  WEITRAT

Format = (A5, 2F), Defaults = 1., 1.
THINRAT : Defines hadronic thinning limit differing from erttinning limit EFRCTHN by the
ratio of ey, /e, ,, Which gives the ratio between the energy of the em-partislescified by

54See footnote page 47.
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keyword THIN, see above) and the energy of the hadronicgestibelow which the thinning
algorithm becomes active for these particle species (seeSact. 4.44 above).

WEITRAT : Defines hadronic weight limit differing from em-wght limit WMAX by the
ratio®® of weight limit of em-particles to weight limit of hadronicapticles in case of thin-
ning (see also Sect. 4.44 above).

A simultaneous use of the keyword THINH together with THINES/Mnot tolerated and will
lead to an error stop.

Limits are: ULIMIT-EFRCTHN/THINRAT < 1-10% eV (for ULIMIT see keyword ERANGE
page 53)1 - 10~* < WEITRAT < 1-10°.

This keyword is only available in the THIN option.

4.46 Electromagnetic Thinning Definition
THINEM THINRAT  WEITRAT

Format = (A6, 2F), Defaults = 1., 1.

THINRAT : Defines em-thinning limit differing from hadrontbinning limit EFRCTHN by the
ratio ofeyy,,,, /e, ,, Which gives the ratio between the energy of the em-partatesthe energy
of the hadronic particles (specified by keyword THIN, seevabelow which the thinning al-
gorithm becomes active for these particle species (seesaisio 4.44 above).

WEITRAT : Defines em-weight limit differing from hadronic wght limit WMAX by the
ratio®® of weight limit of em-particles to weight limit of hadronicapticles in case of thin-
ning (see also Sect. 4.44 above).

A simultaneous use of the keyword THINEM together with THINdHnot tolerated and will
lead to an error stop.

Limits are: ULIMIT-EFRCTHNTHINRAT < 1-10% eV (for ULIMIT see keyword ERANGE
page 53)1 - 10~* < WEITRAT < 1-10°.

This keyword is only available in the THIN option.

4.47 Energy Cut-Offs
ECUTS ELCUT(), i=1... 4

Format = (A5, 4F), Default§ = 0.3, 0.3, 0.003, 0.003

ELCUT() : The low energy cut-off (in GeV) of the particle kinetic &gg may be chosen
differently for hadrons (without’s) (i = 1), muons { = 2), electrons { = 3), and photons
(including7's) (: = 4). For nuclei ELCUT(1) is applied to the energy per nucleon.

It is in the responsibility of the user to choose the cut-afues in a reasonable way not to

5%In the Slowenian thinning [46] aais defined which gives the inverse of WEITRAT. There the welighit
wWmae 1S defined for em-particles and from this the weight limit f@drons and muons is derived byw;,, 4
56For the INTTEST option: Defaults = 0., 0., 0., 0. and all lisntre ELCUT(i)> 0.
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eliminate those parent particles which might decay to sganes which you are looking for in
the investigated problem (e.g. decay of muons to electrons)

Limits are: ELCUT(1}” > 0.05 ; ELCUT(2j® > 0.01; ELCUT(3), ELCUT(4)> 0.00005

The value of ELCUT(3) is also taken as threshold value forlNK& calculation. In this case
an upper limit of ELCUT(3x 0.08 is recommended.

4.48 Time Cut-Off
TIMLIM DSTLIM

Format = (A6, F), Default = 1.D8

DSTLIM : Gives the distance (in cm) a particle would travettwwelocity of light downstream
the detector before cut away by the time limit. An additiosaturity time of 2Qusec (corre-
sponding withr: 6 km) is taken into account.

Limitis: DSTLIM > 0.

This keyword is only available in the CURVED option.

4.49 Longitudinal Shower Development
LONGI LLONGI  THSTEP  FLGFIT  FLONGOUT

Format = (A5, L, F, 2L), Defaults = F, 20.0, F, F

LLONGI : If .true., the longitudinal development of pargechumbers for gammas (EGS4),
positrons (EGS4), electrons (EGS4), positive and negativens, hadrons, all charged, nuclei,
and Cherenkov photons (CERENKOQV) is sampled. Moreoverdhgitudinal development of
the energy content in the various particle species (saner asdbefore, but without Cherenkov
photons) is sampled. Additionally the longitudinal deyeteent of energy deposit by ionization
energy loss and by angular or energy cuts is sampled. SeSet$010.1 page 92. To get the
sampling in slant depth instead of the (default) verticgitderou should use the SLANT option
(page 45). If .false., the longitudinal development is rashpled.

THSTEP : Vertical step width (rsp. slant step width in the $IJAoption) for sampling of the
longitudinal development (in g/cth The sampling is done in vertical (rsp. slant) depth. The
altitudes are not depending on the zenith angle of the pyirparticle (except the preprocessor
option SLANT has been selected). In the CURVED option theimmim step size has to be
selected in a manner that no more than 1875 steps are neegadsdhrough the complete
atmosphere.

FLGFIT : If .true. and LLONGI also .true., the longitudinadvklopment of all charged particles
number is fitted. If .false., the fit is suppressed.

STELCUT(1) is used also for neutrinos in the NEUTRINO optiomtlie URQMD option ELCUT(1) should be
>0.3GeV.
S8ELCUT(2) is used also for-leptons in the CHARM or TAULEP option.

69



FLONGOUT : If .true. and LLONGI also .true., the longitudimistributions of particle num-
bers and energy deposit for the various particle groups ateewto the D ATnnnnnn.long’
file (see Sect. 10.6 page 103).

If .false. and LLONGI .true., the longitudinal distributis only of the particle numbers for
the various particle species are written out to the partcigput file ‘D ATnnnnnn’ in extra
‘LONG’ sub-blocks (see Sect. 10.2, Table 6 page 94 and Tableatje 100).

Limits are: 1.< THSTEP< 1875.

20. < THSTEP< 1875 for the SLANT option and horizontal incidence.

Normally only to the number distribution of all charged peés a function of the Gaisser-Hillas
type [53]

tmaz—tQ

t— to a+bttct? tmam —t
MO = N (-0 ) ™ eon(( )
*) PR P\ ot + 2

is fitted to describe the dependence on the atmospheric deypith the resulting 6 parameters
Naz, to, tmaz, @, b, andc and thex? /dof are stored in the event end block. The longitudinal
development of the electromagnetic particles is only sathgfl EGS4 is selected (see ELM-
FLG). If only NKG is activated the fit is applied to the NKG lahgdinal distribution which
consists of particle numbers from ony 10 levels. If neither EGS4 nor NKG is selected the
charged particle distribution contains only muons and gé@mhadrons. In the AUGERHIST
option also a Gaisser-Hillas type function is fitted to thegibudinal energy deposit, if EGS4 is
selected.

In the Cherenkov versions the longitudinal distributiophbtons is given in differential mode
(i.e. the number of photons generated within each step)fasiitieBy the preprocessor option
INTCLONG the integral mode is selected (i.e. accumulatethimer of generated Cherenkov
photons for each step) which needs additional computing.tifrboth kinds of the distribution
are of no interest, you may deselect the Cherenkov photanbdison completely by the pre-
processor option NOCLONG thus saving computing time.

4.50 Muon Multiple Scattering Treatment
MUMULT FMOLI

Format = (A6, L), Default =T

FMOLI : If .false., the muon multiple scattering angle isesgbd by Gauss approximation. If
.true., the muon multiple scattering angle is selecteddiayd steps by Moliere’s theory and for
small steps by adding many single Coulomb scattering events

4.51 Additional Electromagnetic Particle Information
EMADDI FEMADD
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Format = (A6, L), Default = F

FEMADD : If .false., no additional information on electrogreetic (EM) particles is written
to particle output file. If .true., additional informatiom another and grandmother hadrons of
EM particles at the origin of the EM subshower is written te garticle output file. Details are
similar to those given in Ref. [39] for muons.

This keyword is only available in the EHISTORY option.

452 Additional Muon Information
MUADDI FMUADD

Format = (A6, L), Default = F

FMUADD : If .false., no additional muon information is wieth to particle output file. If .true.,
additional information on muons at their origin is writtenthe particle output file. This addi-
tional muon information consists of 7 data words accordingable 10 (page 99) and precedes
the corresponding muon particle on particle output file. fits¢ data word contains the particle
identification 75 (1) or 76 (»~) combined with generation, which in this case may diffeetnt
between muons originating from K-decay (normal generatimmter) andr*-decay (genera-
tion counter incremented by 50). Th# data word contains the altitude (in cm) of the muon
birth instead of time (see also Table 10 page 99).

In combination with the EHISTORY option an extended addiéilomuon information is written
to the particle output file. Details are given in Ref. [39].

This keyword is not available in the INTTEST option.

453 Observation Level Definition
OBSLEV OBSLEV(j)

Format = (A6, F), Default = 110.E2

OBSLEV() : Observation level above sea level (in cm). This keyword has to appear once
for each level to be defined. At maximum up to 10 observatiorléeare possibfé. Their
sequence is arbitrary.

In the UPWARD option (page 48) for upward going primaries dhservation level should be
chosen preferentially at the top of atmosphere, but at mimmabove the starting point of the
shower. The value of OBSLEV has to be selected in a mannetttbahower axis crosses the
observation level.

Limits are’: 0 < OBSLEV(;) < top of atmosphere

590nly one observation level is possible in the CURVED optidip to 20 levels might be specified for the
production of histograms in the AUGERHIST option, the lotvaisservation level must be at minimum 1 g/em
above sea level.

60For atmospheric modelsd MODATM < 9 limits are:—1.E5< OBSLEV(i) < 112.8E5
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4.54 Inclined Observation Plane
INCLIN XPINCL  YPINCL ZPINCL THINCL PHINCL

Format = (A6, 5F), Defaults = 0., 0QBSLEV (1), 0., O.

XPINCL : X-coordinate (in cm) of reference point in inclinetdservation plane.

YPINCL : Y-coordinate (in cm) of reference point in inclinedservation plane.

ZPINCL : Z-coordinate (in cm) of reference point in inclinebdservation plane.

THINCL : #-angle (in deg) of normal vector of inclined observatiom@ad = 0. points to the
zenith (opposite to Fig. 1 page 86) and defines a horizoraalepl

PHINCL : ¢-angle (in deg) of normal vector of inclined observatiomga

All coordinates are defined in the standard CORSIKA outpuotdimate system (see Fig. 1 page
86) with its origin at the point where the shower axis hitsgba level.

ATTENTION: CORSIKA discards all particles below the height of the loinstandard obser-
vation level (see Sect. 4.53 for definition of OBSLEV), so asrsas the inclined observation
plane drops below the lowest standard (horizontal) observéevel, there will be no particles
recorded any more.

Particles on the inclined plane will be stored in a coordirgtstem within the inclined plane,
with the origin at the core (point where the shower axis sgets the observation level).

This keyword is only available in the ROOTRACK option.

455 Observation Level Curvature
CURVOUT FCURVOUT

Format = (A7, L), Default=T

FCURVOUT : If .true. the observation level is a sphere follogvthe Earth curvature at an
altitude H = OBSLEV (1) and (X, Y) in the output file are replaced by(, Y’) which can be
used to calculate the angles necessary to obfaiy’(7) in a Cartesian frame: definirfgand
¢ the spherical coordinates of the particle as

NoCEnT:

g = YL T 1
REarth"'H ( )

¢ = atan2(Y’', X") (2)

with Rgq, = 637131500 cm. At the observation level{ = OBSLEV (1)) the Cartesian
coordinates can be obtained usifg= (Rgy, + H) -sinf as

X = D-cos¢ 3
Y = D-sing (4)
Z = (REarth + H) -cosf — REarth (5)

If 6 is small (close to shower core) thek'(Y') = (X,Y).
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If .false. the observation level is considered as flat antighampositions X, YY) are defined
in a Cartesian frame with the origin (0, 0) at the core positidParticles are tracked only
until Z = OBSLEV (1) in this Cartesian frame (apparent height). As a consequéacizom
the core, some particles can be discarded before reachingrdund making a bias in the
longitudinal profile. To avoid such a problem, FCURVOUT dsta is forbidden by default if
the zenith angle is between8and 95.

The keyword FLATOUT = .not.FCURVOUT can still be used for kaard compatibility.
These keywords are only available in the CURVED option.

4.56 Array Rotation
ARRANG ARRANG

Format = (A6, F), Default = 0.

ARRANG : Defines a rotation angle (it) between the detector array x-direction and magnetic
north direction; positive if detector array x-directionipis to the West.

Limits are: -180.< ARRANG < 180.

This keyword is not available in the EHISTORY option.

4.57 String Detector Configuration
DETCFG DETCFG

Format = (A6, F), Default = 0.

DETCFG : Gives the geometry configuration of a long vertidaihg detector as the ratio
height/diameter

Limitis: DETCFG > 0.

This keyword is only available in the VOLUMECORR option.

458 Event Printout
MAXPRT MAXPRT

Format = (A6, I), Default = 10

MAXPRT : Is the maximum number of events that produce a dsdgirintout during the sim-
ulation run.

Limitis: MAXPRT >0

73



459 Particle Printout
ECTMAP ECTMAP

Format = (A6, F), Default = 1.E4

ECTMAP : Defines a cut in the partictefactor (or energy in GeV for em-particles and neutri-
nos) above which they are printed out on the logical unit MONIwhen passing an observation
level.

4.60 Output Directory
DIRECT DSN

Format = (A6, A64), Defaults = ‘anynameupto64characters’

DSN : May be used to define a name of an output directory. Loase characters of DSN are
not converted to capitals. Do not use capitals with the ANBHIAUGERHIST, or INTTEST
options as the HBOOK routines use only lower case charactigrsuppress the output you
might give/dev/null %! or use the keyword PAROUT.

If you want to write into the directory from where you are sitay your CORSIKA run, you
should give: DIRECT * * or DIRECT " " (ablank enclosed in apostrophes or quota-
tion marks). Please keep in mind that io®RTRAN an automatic expansion of UNIX names like
“home’ is not possible, rather you should give the full expandech@af the directory ending
with a */’ character.

Limitis: DSN must not begin with & (tilde) character.

4.61 Table Output

PAROUT FPAROUT  FTABOUT
Format = (A6, 2L) Defaults =T, F
FPAROUT : If .false., the particle output onto MPATAP is soggsed. This might be of advan-
tage with the CERENKOV option to suppress the particle oufifpibut keeping the Cherenkov
output file (see Sect. 4.68).

FTABOUT : If .true., the tabular output of the charged paetidevelopment is written out to
the file ‘D ATnnnnnn.tab’ onto the output directory DSN (see Sect. 4.60 above).

4.62 Compact Output
COMOUT COMOUT

61 A dummy directory namedev/null must be mounted in the system.
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Format = (A6, F), Default =T

COMOUT : If .true., the particle output is written in COMPAGGrm (see page 38). If .false.,
the standard CORSIKA particle output is written.

This keyword is only available in the COMPACT option.

4.63 Printer Output Unit
OUTPUT MONNEW

Format = (A6, I), Default = 6
MONNEW : Logical unit of simulation control output on lineipter. Make sure that your se-
lection of MONNEW is not conflicting with existing definitien(see Table 1 page 21).

4.64 Data Table Directory
DATDIR DATDIR

Format = (A6, A132), Default ="./’

DATDIR : Can be used to specify a common directory, where CIBRSwill try to find all
required input data tables (except those belonging to FLUKAwer case characters of DAT-
DIR are not converted to capitals.

Limit is: DATDIR must not begin with a- (tilde) character.

4.65 Cherenkov Detector Array Definition
CERARY NCERX NCERY DCERX DCERY ACERX ACERY

Format = (A6, 21, 4F), Defaults = 27, 27, 1500., 1500., 100Q.1

NCERX : Number of Cherenkov detectors in X-direction.

NCERY : Number of Cherenkov detectors in Y-direction.

DCERX : Grid spacing (in cm) of Cherenkov detectors in X-diren. The DCERX value has
no relevance in case of NCERX = 1.

DCERY : Grid spacing (in cm) of Cherenkov detectors in Y-diren. The DCERY value has
no relevance in case of NCERY = 1.

ACERX : Length (in cm) of each Cherenkov detector in X-direat

ACERY : Length (in cm) of each Cherenkov detector in Y-direct

The altitude of this array is at the lowest observation levébr the definition of the X and
Y-directions see Fig. 1 (page 86) and keyword ARRANG (page 73

Limits are: NCERX, NCERY> 1 ; DCERX, DCERY, ACERX, ACERY> 1.

This keyword is only available in the CERENKOV option, but imothe IACT option for Cher-

enkov telescopes.
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4.66 Cherenkov Wavelength Band
CWAVLG WAVLGL  WAVLGU

Format = (A6, 2F), Defaults = 300., 450.

WAVLGL : Lower limit (in nm) of the wavelength band for Cherewv radiation production.
WAVLGU : Upper limit (in nm) of the wavelength band for Chekav radiation production.
Limits are: 100.< WAVLGL < WAVLGU < 700.

This keyword is only available in the CERENKOV, AUGCERLON#&5d AUGERHIST option.

4.67 Cherenkov Bunch Size Definition
CERSIZ CERSIZ

Format = (A6, F), Default = 0.

CERSIZ : Defines the maximal bunch size of Cherenkov photoatsdre treated together. If
set to 0., by the subrouting=tbus the program calculates a bunch size which is found to be
appropriate for the HEGRA-array.

Limitis: CERSIZ> 0.

This keyword is only available in the CERENKOV, AUGCERLON#&d AUGERHIST option.

4.68 Cherenkov Output Steering
CERFIL LCERFI

Format = (A6, L), Default =T

LCERFI : If .true., Cherenkov output is written to the Chéeenoutput file MCETAP. If .false.,
Cherenkov output is written to the particle output file MPATA

In the IACT option (Cherenkov telescopes) with LCERFI .trtlee output file name DSN (spec-
ified by keyword DIRECT) should be settdev/null %2 to suppress the normal Cherenkov
output file, as the Cherenkov telescope output will be writtetheeventio  output fil€?.
LCERFI automatically will be set .true. in the COMPACT optito prevent a writing of Cher-
enkov photons to the COMPACT output.

This keyword is only available in the CERENKQV option.

4.69 Cherenkov Quantum Efficiency
CERQEF CERQEF CERATA CERMIR

62The existence afdev/null is assumed, see footnote of Sect. 4.60.
63Details on theeventio  format may be found in the documentation supplied with tregnibohr’ package.
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Format = (A6, 3L), Defaults=F, F, F

CERQEF : If .true., quantum efficiency of detector photoiplitr is taken into account. It
needs reading in thguanteffdat file.

CERATA : If .true., the atmospheric absorption of Cherengbwtons is taken into account. It
needs reading in the&mabsdat file.

CERMIR : If .true., the mirror reflectivity of Cherenkov teleopes is taken into account. It
needs reading in thairreff.dat file.

Respecting these effects at an early stage of the Chereriaoermp simulation drastically re-
duces computing time and storage requirements for Chevgstkaton output. For the influence
onto the longitudinal distribution of Cherenkov photons §ct. 3.4.5 page 35 and keyword
LONGI page 70.

This keyword is only available in the CEFFIC option togetivith the CERENKQV option.

4.70 Multiple Use of Cherenkov Events
CSCAT ICERML  XSCATT  YSCATT

Format = (A5, I, 2F), Defaults =1, 0., 0.

ICERML : Number of uses of each event.

XSCATT : Maximum scattering of core location X direction (in cm). See Sect. 3.4.1
page 32 ff.

YSCATT : Maximum scattering of core location Y direction (in cm). See Sect. 3.4.1
page 32 ff.

Limits are: O< ICERML < 20 ; XSCATT, YSCATT> 0.

In case of IACT option (Cherenkov telescopes) ICERML tebpscarrays are simulated ran-
domly (see keyword SEED page 52) in the specified area whialticle of radius XSCATT,
if YSCATT = 0., or within a rectangle of area 2 XSCATR YSCATT.

This keyword is only available in the CERENKQV option.

4.71 Cherenkov Telescope Dimensions
TELESCOPE X Y Z R

Format = (A9, 4F)

X, Y, Z : Coordinates of Cherenkov telescope (in cm) relatvéhe center of the observation
level. This keyword adds a new telescope at posifigrt’, Z with radiusR, within which the
telescope is fully contained. At least one telescope has &pRkcified. For the definition of the
X and Y-directions see Fig. 1 (page 86) and keyword ARRANGA3).

Limits are:0 < R; 1 < number of telescopes 1000.

This keyword is only available in the CERENKOV option togathwith the IACT option for
Cherenkov telescopes.
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4.72 Cherenkov Telescope Data File Name

TELFIL TELFNM

Format = (A6, A100)

TELFNM : The telescope-specific data are to be written to anfiled TELFNM ineventio
format. Lower case characters of TELFNM are not converted to ciapitiethis file exists and
is write-enabled, new data are appended. After ending théheifile will be set read-only to
avoid accidental overwriting. The file nanaev/null % suppresses the output file.

If you want to write into the directory from where you are sitay your CORSIKA run, you
should give: TELFIL ’ ’ or TELFIL " " (ablank enclosed in apostrophes or quota-
tion marks). Please keep in mind that io®RTRAN an automatic expansion of UNIX names like
“home’ is not possible, rather you should give the full expandech@af the directory ending
with a /' character.

This keyword is only available in the CERENKOV option togathwith the IACT option for
Cherenkov telescopes.

4.73 Write Data Base File
DATBAS FDBASE

Format = (A6, L), Default = F

FDBASE : If .true., all essential run parameters are writtethe file DATnnnnndbase’ (rsp.
‘D ATnnnnnn.info’ in the AUGERINFO option) onto the output directory Ngkeyword DI-
RECT page 74). This file may be used to build a data base foriekagthe content of an air
shower library (page 104).

This keyword is only available in the UNIX options.

4.74 User Name
USER USER
Format = (A4, A20), Defaults =*’

USER : A user name is read in to be written to tie4ATnnnnnn.dbase’ file. Lower case
characters of USER are not converted to capitals.

64Details on theeventio  format may be found in the documentation supplied with thregnibohr’ package.
55The existence afdev/null is assumed, see footnote of Sect. 4.60.
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4.75 Host Name
HOST HOST

Format = (A4, A20), Defaults ="’
HOST : A host name is read in to be written to theATnnnnnn.dbase’ file. Lower case
characters of HOST are not converted to capitals.

4.76 Debugging
DEBUG DEBUG MDEBUG DEBDEL NDEBDL

Format = (A5, L, |, L, I), Defaults = F, MONIOU, F, 100000

DEBUG : If .false., debugging is disabled. If .true., adati@l output for debugging purposes is
given on logical unit MDEBUG.

MDEBUG : Logical unit where to write debugging informatiokake sure that your selection

of MDEBUG is not conflicting with existing definitions (seeblla 1 page 21).

DEBDEL : If .true., the debugging printouts are activatetteNDEBDL particles above the

ECTMAP energy have been printed. If .false., delayed deimggs disabled. This feature

helps to trace run time errors that have occurred in long lsitiom runs.

NDEBDL : See DEBDEL

4.77 Debugging EGS
EGSDEB JCLOCK

Format = (A6, I), Default = 2147483647

JCLOCK : Counter for delayed start of EGS4 debugging. Aftgivation of debug by DEBUG
or by NDEBDL (see Sect. 4.76 above) each pass of subroutiaer or photon is counted.
If the counter exceeds JCLOCK, the debug statements witieifEtGS4 portion are activated.
This output appears on the unit MDEBUG.

4.78 FLUKA Printing
FLUDBG FFLUDB

Format = (A6, L), Default = F

FFLUDB : If .true. the two files D AT nnnnnn.flout’ for additional information on the param-
eters used by FLUKA and) ATnnnnnn.flerr’ on possible FLUKA error messages are written
onto the output directory DSN (keyword DIRECT page 74). Ifthg keyword DIRECT the
directory/dev/null has been specified, the two files are opened within the diye@tom
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where the job has been started.

If .false. in the LINUX option the two files are written fort .11 rsp.fort.15  and may
be redirected at runtime ta@ev/null using shell commands like setenv FORT.11
/dev/null rsp. setenv FORT.15 /dev/null . Without the LINUX option the files
are opened directly to the directoigev/null 96,

This keyword is only available in the FLUKA option.

4.79 GHEISHA Debugging

GHEIDB GHEISDB

Format = (A6, L), Default = F

GHEISDB : If .true., in the DEBUG case also the GHEISHA roasmroduce debug output.
This output appears on the unit MDEBUG.

This keyword is only available in the GHEISHA option.

4.80 URQMD Debugging

URQMD FURQMD IUDEBUG

Format = (A5, L, I), Default =T, O

FURQMD : If .true., the UrQMD routines are used for the loneegy hadronic interactions. If
false., the program will stop.

IUDEBUG : If > 0, in the DEBUG case also the routines of UrQMD produce sontpubu
With increasing value of IUDEBUG this printout becomes mamnel more detailed. This output
appears on the unit MDEBUG.

Limitis: 0 < IUDEBUG < 3.

This keyword is only available in the URQMD option.

4.81 PYTHIA Printing

PYTHIA IFLGPYW IFLGPYE

Format = (A6, 2I), Default =0, 0

IFLGPYW : If set > 0 the printing of PYTHIA warnings is enabled. IFLGPYW givdst
number of warnings after which PYTHIA becomes silent (seeTM&6) of Pythia manual
[19]).

IFLGPYE : If set> 0 the printing of PYTHIA errors is enabled. IFLGPYE gives thember
of warnings after which PYTHIA becomes silent (see MSTU(@RPythia manual [19]).
Limits are:0 < IFLGPYW; 0 < IFLGPYE.

This keyword is only available in the DPMJET, CHARM, and TABIR options.

56The existence afdev/null is assumed, see footnote of Sect. 4.60.
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4.82 Cherenkov Debugging
CDEBUG LCERDB

Format = (L), Default = F

LCERDB : If .false., Cherenkov debug output is disabledtrife., the Cherenkov routines pro-
duce debug output. This output appears on the unit MDEBUG.

This keyword is only available in the CERENKQV option.

4.83 Interaction Test Target Definition
INTTST ITTAR  MCM

Format = (A6, 2I), Defaults =0, O

ITTAR : Defines the target for the interaction test opfiorl = proton; 2 = neutron; 9 = Beryl-
lium; 12 = Carbon; 14 = Nitrogen; 16 = Oxygen; 40 = Argon; 99 k ai

MCM : Defines the reference system for which the interactioodpcts are plotted. 1 = rest
system of 1 target nucleon and 1 projectile nucfép® = laboratory system; 3 = rest system of
all secondary particles (but not the spectators).

This keyword is only available in the INTTEST option.

4.84 Interaction Test Decay
INTDEC LPI0 LETA LHYP LKOS

Format = (A6, 4L), Defaults =T, T, T, T

LPIO : If .true. ther® particles decay before gathering them in the interactist te
LETA : If .true. then particles decay before gathering them in the interactien te
LHYP : If .true. all hyperons decay before gathering themhiminteraction test.
LKOS : If .true. theK? particles decay before gathering them in the interactiet te
This keyword is only available in the INTTEST option.

4.85 Interaction Test Spectator Definition
INTSPC LSPEC

67For the DPMJET high-energy model and ITTARL4 the Glauber data fil@aubint.glb has to be used instead
of the glaubtar.glb file.
58In photo-nuclear interactions the cm-system of the photitim @ne nucleon.
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Format = (A6, L), Default = F

LSPEC : If .true. spectators are plotted, if .false. specsaare not plotted in the interaction
test.

This keyword is only available in the INTTEST option.

4.86 Interaction Test Diffraction Flag
DIFOFF NDIF

Format = (A6, I), Default =0

NDIF : Allows to select diffractive or non-diffractive intactions only®. 0 = diffractive and
non-diffractive interactions mixed; 1 = non-diffractivetéractions only; 2 = diffractive inter-
actions only. With the QGSJETO1c interaction model NDIF =afrmot be selected. With the
EPOSNEXUS and QGSJET-Il models only NDIF = 0 is possible.

This keyword is only available in the INTTEST option.

4.87 Interaction Test Trigger Condition
TRIGGER NTRIG

Format = (A7, 1), Default =0

NTRIG : Allows to select various trigger conditions for coangon with experimental data:
0 = accepts all events;

1 = accepts only events according to the UA5-experimenttigder;

2 = accepts only events according to the CDF-experimenttfigger.

3 = accepts only events according to the P238-experimehtrigger.

NTRIG # 0 may be combined only with NDIF =0 .

This keyword is only available in the INTTEST option.

4.88 Interaction Test Histogram Output
HISTDS HISTDS

Format = (A6, A120), Defaults = ‘HISTO.CORSIKA.INTTEST

HISTDS : May be used to specify a name of the histogram outipetiry and data file. Lower
case characters of HISTDS are not converted to capitals. ddase capitals as the HBOOK
routines use only lower case characters. The data file namedaded by a string containing

59For photo-nuclear interactions the meaning is: 0 = multi¥ba production and vector meson production
mixed; 1 = no vector meson production, only multi-hadronduetion; 2 = only vector meson production, no
multi-hadron production.
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information about projectile, target, energy, and the tyfiateraction which has been selected.
At the end of the data file name .hbook is appended such thdothledata file name would
look like

HISTO.CORSIKA.INTTEST.p0014t14e100e3.diffractivedalt for a proton projectile on ni-
trogen target with a lab energy dd0E3 GeV including diffractive events.

If you want to write into the directory from where you are sitay your CORSIKA run, you
should give: HISTDS * ° or HISTDS " " (ablank enclosed in apostrophes or quota-
tion marks). Please keep in mind that ioRTRAN an automatic expansion of UNIX names like
“home’ is not possible, rather you should give the full expandech@af the directory ending
with a ‘/’ character.

Limitis: HISTDS must not begin with & (tilde) character.

This keyword is only available in the INTTEST option.

4.89 Plot Output
PLOTSH PLOTSH

Format = (A6, L), Default = F

PLOTSH : If .true., the track start- and endpoints of the tetenagnetic, muonic, and hadronic
component of the shower are given out separately and maydoktoplot the shower develop-
ment.

This keyword is only available in the PLOTSH and PLOTSH2 opti

490 Plot Axes Definition
PLAXES X1 X2 Y1 Y2 71 Z2

Format=(A6,6F), Defaults = -500000., 500000., -5000000a®0., 0., 3000000.

X1, X2 : They denote the X-axis range (in cm) to be plotted mtiap.

Y1, Y2 : They denote the Y-axis range (in cm) to be plotted mtiap.

Z1, Z2 : They denote the Z-axis range (in cm) to be plotted énrtiap.

The point of first interaction determines the zero point efXhand Y axes (see Fig. 1 page 86).
Depending on the choice of these parameters, the whole smoayebe visualized, or one can
‘zoom in’ on interesting regions of the shower.

Limits are: X1< X2,Y1<Y2,Z1<Z2.

This keyword is only available in the PLOTSH2 option.

4.91 Plot Energy Cut Definition
PLCUTS ELCUTS(1..4) TCUT  FBOXCUT
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Format=(A6,5F,L), Defaults 0.3, 0.3, 0.003, 0.003, 100050

ELCUTS(1...4) : ELCUTS denote the energy cuts in the sameras those for the keyword
ECUTS (hadrons, muons, electrons, photons) (see page 68).

TCUT : This is an upper bound on the time (in ns) passed siredrt interaction. If, at the
end point of a track, the time is above TCUT, the trackas plotted. This cut allows a visual-
ization of the shower development.

FBOXCUT : This flag determines whether only track segmengglathe three-dimensional
box given by the axis ranges should be plotted. If .true.tratk segments whose endpoints
both fall outside this box are not plotted.

This keyword is only available in the PLOTSH2 option.

4.92 End of Steering
EXIT

Format = (A4)
This keyword ends the keyword input.
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5 Input Example

The keyword input file for a CORSIKA run including QGSJET andRENKOV options may
look like the following list.

RUNNR 1 number of run

EVTNR 100400 no of first shower event

SEED 100401 0 O seed for hadronic part

SEED 100402 0 O seed for EGS4 part

SEED 100403 0 O seed for Cherenkov part

NSHOW 10 no of showers to simulate

PRMPAR 5626 primary particle code (iron)

ERANGE 2.00E4 4.00E4 energy range of primary (GeV)

ESLOPE -2.7 slope of energy spectrum

THETAP 0. 10. range zenith angle (deg)

PHIP  -180. 180. range azimuth angle (deg)

QGSJET T O QGSJET for high energy & debug level
QGSSIG T QGSJET cross-sections enabled
HADFLG 0O 0 0 0 0 2 HDPM interact.flags & fragmentation flag
ELMFLG T T elmag. interaction flags NKG, EGS4
STEPFC 1. multiple scattering step length factor
RADNKG 200.E2 outer radius (cm) of NKG elect. distrib.
MAGNET 20.4 43.23 magnetic field central Europe (/uT)
ECUTS .3 .3 .015 .015 energy cuts: hadr. muon elec. phot. (GeV )
LONGI T 20. T T longitud, stepsize(g/cm™2), fit, out
MUMULT T muon multiple scattering by Moliere
MUADDI T additional muon information

OBSLEV 110.E2 observation level (cm)

ARRANG 18.25 angle between north to array-grid (deg)
MAXPRT 10 max. no of printed events

ECTMAP 1.E2 printout gamma factor cut

DIRECT /homel/user/corsika/run/ directory of particle out put
CERARY 10 8 1200. 1500. 80. 50. Cherenkov detector grid (cm)

CWAVLG 300. 450. Cherenkov wavelength band (nm)
CERSIZ 5. bunch size Cherenkov photons

CERFIL F Cherenkov output file

CSCAT 5 1000. 1000. scatter Cherenkov events (cm)

DATBAS T write data base file

USER  you user name for data base file

HOST  your_host host name for data base file

DEBUG F 6 F 999999999 debug flag, log. unit, delayed debug

EXIT

6 Coordinate System

The coordinates in CORSIKA are defined with respect to a G@recoordinate system with
the positiveX-axis pointing to the magnetic North, the positiVeaxis to the West, and the
Z-axis upwards. The origin is located at sea level. This d&imiis necessary, because the
Earth’s magnetic field is taken into account. By default tregnetic field is implemented for
the location of Karlsruhe40° N, 8° E) as described at the keyword MAGNET (page 59). The
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Figure 1: Coordinate system in CORSIKA.

zenith angle of a patrticle trajectory is measured between the particlenemdum vector and
the negativeZ-axis, and the azimuthal angfebetween the positiv( -axis and the horizontal
component of the particle momentum vector (i.e. with respe®orth) proceeding counter-
clockwise. This is shown in Fig. 1.

Attention: This definition disagrees from definitions of other air-skowimulation programs
and from the conventions of the Auger experiment!
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7 Units in CORSIKA

Within CORSIKA uniform units for the various dimensions areed as far as possible. But
there are deviations at that program parts which are coupl€DRSIKA. Table 3 gives an
overview on the used units.

FLUKA DPMJET

CORSIKA | EGS4 | GHEISHA | SIBYLL | EPOS

UrQMD NEXUS

QGSJET

Quantity VENUS

length cm cm

energy| GeV MeV GeV GeV?) GeV

mass| GeV MeV GeV GeV GeV

time | sec!) sec

magn. field uT
density| g/cm?® | g/lcm?

mass overburden g/cn?
angle| rad?) rad
wavelength nm

1) For output files also nsec is used.
2) For in- and output files alsdis used.
3) In some subroutines also TeV is used.

Table 3: Units used in CORSIKA and the coupled programs.

8 Particles in CORSIKA

CORSIKA is able to treat the particles that are listed in @ahl The particle codes have in
general been chosen according to the convention in the GEddtdctor simulation code [28].
Exceptions are vector mesons éndp) and resonanced(* andA), then particles which are
splitin 4 types according to their decays in the HDPM rouwjribe different types of neutrinos
(to be generated in the NEUTRINO option), the nuclei, and@herenkov photons. The codes
of the charmed particles correspond with those of DPMJEE. Jdrticles with codes between
116 and 173 are only available in the CHARM or TAULEP optiome@nkov photons can not
be a primary particle for an air shower simulation.
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Particle identifications
Identification| Particle|| Identification|  Particle

1 v 51 p°

2 et 52 pt

3 e 53 p-

54 AT

5| ut 55 A*

6| u 56 A°

7 w° 57 A~

8| =t 58 A

9 T 59 A
10| K¢ 60 A°
11| K+ 61 N
12| K~ 62 K>°
13 n 63 K**
14| p 64 K*
15| P 65 K*°
16| Kg 66 Ve
17| ¢ 67 7,
18| A 68 "
19| x+ 69 7,
20 >°
21 > 71 n— Yy
22| =° 72| 15— 3n°
23| =- 73| n— ata x°
24| Q° 74| n— atay
25 i 75| T add. info.
26 A 76 | u~ add. info.
27 by
28| X°
29| ©F
30, =
31| =
32| O
50 w

Table 4. Particle identifications as used in CORSIKA (to betcwed).

88



Particle identifications (continued)
Identification| Particle|| Identification|  Particle
116 D° 149 Ao
117| DT 150 =
118| D 151 =
119| D° 152 b
120| Df 153 3.
121| D, 154 5.0
122 Ne 155 =
123| D*° 156 =
124| D** 157 Q.
125| D*
126| D*° 161 Yt
127| Dzt 162 yrt
128| Dr 163 xe
130 J/v 171 D
131 7* 172 ¥E
132 71~ 173 o
133 v,
134 U,
137 Af
138 =
139| =2
140 Xit
141| X7
142 ¢
143| =Zf
144| =P
145| Q2
A x 100 + Z | nucleus ofZ protons and\ — Z neutrons
(2 < A <59)
9900 | Cherenkov photons on particle output fjle

Table 4: (continued) Particle identifications as used in SOA.
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9 Running the CORSIKA Program

Depending on the program options CORSIKA needs at minimumB7nvmory. Especially
DPMJET, EPOS, andeXUs need a huge amount of internal memory. Empirical values of
required memory for DEC AXP computers are given in Table 5ing&JrQMD instead of
GHEISHA needs 8.6 Mbyte additionally. Using FLUKA instead@HEISHA needs about

Option | HDPM SIBYLL2.1 QGSJETOlc VENUS DPMJET2.55NEXUS3.97 EPOS

Memory
Mbyte 7.6 12 10 21 52 >100 >300

Table 5: Required memory for various CORSIKA/GHEISHA op8dDEC-ALPHA).

100 Mbyte additionally. To be able to simulate central sidihs of primary’® F'e nuclei with
atmospherié¢® Ar at higher energies some program parts need large arrayshe.mtermedi-
ate stack STACKINT needs 30 MB, in EPO&Xus and VENUS the arrays dimensioned by
MXPTL need about 10 MB). If the energy range is limiteckto 100 TeV, some of those large
arrays may be dimensioned smaller thus saving memory. Ohimewith little memory the
permanent swapping might significantly contribute to therait computing time.

A simplified flow diagram of CORSIKA is given in Appendix B (pad 18).
The sequence of the initializing procedures is given in AqpeC (page 119).

CORSIKA runs fastest (full simulation adopted without THhiNg) when using no EGS4, no
DPMJET, no EPOS, naeXuUs, no VENUS, no NEUTRINO, no Cherenkov light generation.
For this program version the computing time on a Intel 6600e€Duo with2.4 GHz) is~

7.3 sec per shower for primary protons of enet@y® eV, vertical incidence, NKG enabled, with
one observation level a0 m a.s.l. and with the hadron and muon energy cOtaGeV. Under
the same conditions an iron induced shower consum&8.6 sec. The computing time scales
roughly with the primary energy. The full EGS4 option witmptudinal profile is roughly
200x slower than the fastest version mentioned above (with EL@U) at3 MeV). There is
not much experience what the time consumption is for the QERBV option, but the time
consumption will be much higher. The use of SIBYLL or QGSJESults in similar computing
times as HDPM. The use of VENUS needs 8 times more CPU-tinte tha fastest version
(HDPM) and a combined EGS4-VENUS option is about 200+8 = 208g slower since the
times do not multiply but add. The use of DPMJET gives timethefsame order of magnitude
as the VENUS option. EPOS aiEXUS (NKG, no EGS) needs 7.5 times the computing time
of VENUS, i.e. about 60 times the computing time of HDPM (NK®, EGS). FLUKA needs
~ 7 times computing time of GHEISHA, UrQMB: 40 times that of GHEISHA.

In case of THINning (Sect. 3.5.22 page 46) the computing 8tmengly depends on the energy
fraction below which thinning becomes active. The intesd<EtORSIKA user may find CPU-
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times for various interaction models and options in Ref.[22

The particle output format is described in Sect. 10.2 (pag#.R For each particle that pen-
etrates an observation level 7 words with 4 bytes each aredstin the particle output file.
Proton showers at0'® eV deliver at sea level roughly 0.8 MB particle output wheltgkated
with the NKG option ¢, £, > 0.3 GeV). With EGS4 about 30 MB output are written due to
the huge amount of photons and electrons that are explatithed ., £, > 0.003 GeV)*.
The particle output in the CERENKQV option is additionalhcreased as the Cherenkov pho-
tons are stored, either separately on the Cherenkov oulpubffitogether with the particles on
the particle output file.

While running, the interactions produce plenty of secopgaarticles which are stored in an
intermediate stack which is foreseen for 200000 partichdter completing an interaction all
particles (in case of THINning only a fraction of them) areved to the internal stack. The
size of this internal stack is large enough to keep 680 (ie c@shinning 624) particles. If the
size of the internal stack is full, 680 (624) particles amaperarily added to the external stack.
If the internal stack is empty 340 (312) particles are ratfeam the external stack. Only half
of the internal stack is read back to avoid a permanent spifif data from and to the internal
stack if it is just full and the number of secondaries os@awith a small amplitude around
680 (624).

59These energy cuts correspond with the sensitivities of tNe®ADE array detectors.

91



10 Outputs

There are two major output files produced by a simulation rdie control printout (txt
file) allows to survey the simulation run. The particle outfile is written to the data file
‘DATnnnnnn’ with nnnnnn being the run number specified in the keyword RUNNR (page
51). This file becomes very large when simulating showerseatgdetail (EGS4, low thresh-
olds, ...). In the CERENKOQV version an additional file E Rnnnnnn’ might be written. Op-
tionally a tabular outputy, e*, andu* particles at ground and longitudinal development of
charged particles) is written out to the filB ATnnnnnn.tab’. Further on the longitudinal dis-
tributions of particle numbers and energy deposits may ligenrto file ‘D ATnnnnnn.long’.
The output file D ATnnnnnn.dbase’ (rsp. DATnnnnnn.info’) is destinated to be used in
a data base for examining the content of an air shower libranythe ROOTRACK ver-
sion (Sect. 3.5.17 page 44) with the keyword INCLIN (Secbk44page 72) an output file
‘D ATnnnnnn.inclined.binary’ is written which is structured as thergtard particle output
file *DATnnnnnn’.

10.1 Control Printout (.txt File)

The simulation run produces a printout (txt file, unit MONIOhY default standard outpiit)
that allows to control the simulation and informs about teaeral run, the program version
with interaction model, the selected options, steeringnaeys, physical constants, the used
atmospheric model, and the primary particle (about 20G)in€or each shower it prints roughly
400 lines containing the random number generator statug, &t beginning of a shower, the
primary particle at the place of the first interaction, thentwer of secondaries reaching the
observation levels with energies above ECTMAP (page 74) sthck statistics, internal and
external stack usage, energy-multiplicity and energgtaliy relations, interaction statistics
for nucleons, pions, kaons, and strange baryons per kiee¢igy interval, an interaction length
statistics for the above particles and a decay statistiasitmns, summaries of secondaries for
each observation level, NKG electromagnetic shower in&tiom, and the longitudinal shower
development.

The NKG output (keyword ELMFLG, page 66) comprises a tabl¢henlongitudinal develop-
ment of the electromagnetic shower component giving evedyg/cny the number of electrons
and the longitudinal pseudo-age paramétefFor the lateral electron distribution the densities
(in electronslcm?) are calculated on a grid of 80 points (8 directions sepdrayet5° with 10
distances betweehm and RADNKG (page 67) for each direction) and the lateraldeeages
for those various distances are determined. The lateraallaision is calculated only for the
lowest two observation levels.

For the longitudinal development (keyword LONGI page 69¢é&htables are generated:

""Renaming the standard (log) output 0 ATnnnnnn.txt’ and redirecting it to the directory specified by the
keyword DIRECT (page 74) is convenient (page 93) as by thi etvamands ‘dir’ or ‘Is -I' all files belonging to
one run are displayed consecutively which facilitates bhegping.

"ISee footnote page 31.
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e The first one gives the particle numbersyot™, e, 4+, =, hadrons, all charged, nuclei,
and Cherenkov photons as function of atmospheric depth.

e The second one reflects the energy content within the vapatticle species, e, e,
w, u~, hadrons, charged particles, and the energy sum as furaftaimospheric depth.
For all particle species the particle rest mass is includigaimthe energy.

e The third table gives the energy dissipated within the apheese specified for various
processes: Energy contained withis falling below (energy or angular) cut, ionization
energy loss of*, energy contained withia* falling below (energy or angular) cuts, ion-
ization energy loss of*, energy contained withip® falling below (energy or angular)
cuts, ionization energy loss of hadrons, energy containidsirmhadrons falling below
(energy or angular) cuts, energy taken away sy and the energy sum for each depth
bin. Forr* and K* falling below the energy or angular cuts 1/4 of the energytisbaited
to the hadronic energy, while 3/4 is attributed to neutririm the neutral K 4 this ratios
are 1/2.

The last bin of the cut energies reflects the energy contgdrticles arriving at detector
level. In this table the rest mass of nucleons and electonsticounted, while the rest
mass of the corresponding anti-particles (which might agae@nnihilation) is counted
twice. Energies of unstable hadrons and muons are added up ingltitgir rest mass.
This counting is necessary to respect the target nucleoeteotrons involved into the
shower development, thus enabling a correct energy balgnci

For writing out the longitudinal tables to th&'ATnnnnnn.long’ file or as ‘LONG’ blocks to
the particle output file D ATnnnnnn’ see the FLONGOUT flag (page 69).

The control printout contains as well all kinds of warningsl @&rror messages. System errors
may be redirected in UNIX systerftsto the standard outpfit (txt file) by the & character
following immediately the> character as given in the example:

Jcorsika <inputs >& /home/user/corsika/run/DATnNNNNN. txt

assuming that all output should go to the directory /homes/asrsika/run/ as given in the ex-
ample on page 85. Users are advised to check this printoatutigrfor any indications of
problems during the run time and keeping it together withgaeicle output for later consulta-
tion.

When errors occur the DEBUG option may help in localizinglihg. This option entails a very
detailed printout of the simulation process that easilg fdlrge disks when enabled for many
showers.

All these informations are printed per event. For low engrggnaries and high statistics this
printout per event may not be necessary and can be suppigsselkcting a maximum number
of showers to be printed (keyword MAXPRT page 73). At the eh@axch run a short run
summary is printed with similar tables as for single showmrsaveraged over all showers of
the actual run.

"2The usage of the korne-shell is assumed.
"3For the naming of standard output see the footnotes paged®22an
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10.2 Normal Particle Output

The particle and Cherenkov photon output files contain tfemmation about the simulation run
and about all particles reaching observation levels. ®wghat has to be analyzed for detailed
energy spectra and distributions. These files are writtahealirectory DSN (as defined by
keyword DIRECT, page 74) as 'sequential’ 'unformattedHTRAN files. They may be read by
the programsorsikareadf rsp. corsikareadthin.f . The particle output file and the Cherenkov
photon output file are structured as shown in Table 6, wittstlieblocks as given in Tables 7
to 14. All quantities are written as single precision reahters.

| Block structure |

RUN HEADER nrun
EVENT HEADER 1
DATABLOCK
DATABLOCK

(LONG 1:1)

(LONG 1:n)
EVENT END 1
EVENT HEADER 2

DATABLOCK

DATABLOCK

(LONG 2:1)
(LONG 2:n)

EVENT END 2

EVENT HEADER nevt
DATABLOCK
DATABLOCK

(LONG nevt:1)

(LONG nevt:n)
EVENT END nevt
RUN END nrun

Table 6: Block structure of the particle and Cherenkov phatotput files. (The LONG blocks
eventually occur only in the particle output file.)
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\ Run header sub-block: (once per run)

No. of word

Contents of word (as real numbers R*4)

A OWDNPE

‘RUNH’

run number

date of begin run (yymmdd )
version of program

5+t

number of observation levels (maximum 10)
height of observation levélin cm

17
18

slope of energy spectrum
lower limit of energy range
upper limit of energy range

19
20

flag for EGS4 treatment of em. component
flag for NKG treatment of em. component

21
22
23
24

kin. energy cutoff for hadrons in GeV
kin. energy cutoff for muons in GeV
kin. energy cutoff for electrons in GeV
energy cutoff for photons in GeV

physical constants and interaction flags:

24 41

C@), i = 1,50

75
76
77
78
79

XPINCL X-displacement of inclined observation plane
YPINCL Y-displacement of inclined observation plane
ZPINCL Z-displacement of inclined observation plane
THINCL 6 angle of normal vector of inclined observation pl
PHINCL ¢ angle of normal vector of inclined observation pl

79+
94 +1
134 + 4
139+
150 + 14
248
249
249 414
254 +1
259 +1
264 + 1
270
271
272
273

0, i=1,15(nolonger used)

CKA(i), i = 1,40

CETA(@G),i=1,5

CSTRBAG),: = 1,11

0, 7= 1,97 (nolonger used)

XSCATT scatter range in x direction for Cherenkov
YSCATT scatter range in y direction for Cherenkov
HLAY(4),i = 1,5

AATM(3),i=1,5

BATM(3),7i=1,5

CATM(4),i = 1,5

NFLAIN

NFLDIF

NFLPIO+100xNFLPIF

NFLCHE+100x NFRAGM

ne

Table 7: Structure of the run header sub-block.
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\ Event header sub-block: (once per event)

No. of word

Contents of word (as real numbers R*4)

NOoO o~ OWDNPR

(00]

11
12

‘EVTH’

event number

particle id (particle code oA x 100 + Z for nuclei)
total energy in GeV

starting altitude in g/crh

number of first target if fixed

z coordinate (height) of first interaction in cm
(negative, if tracking starts at margin of atmosphere, SEEART)
px momentum in x direction in GeV/c

py momentum in y direction in GeV/c

pz momentum in -z direction in GeV/c

(pz is positive for downward going particles)
zenith anglé in radian

azimuth angles in radian

13
1143 x4
12+3 x4
1343 x4

number of different random number sequences (max. 10
integer seed of sequence

number of offset random calls (mdd®) of sequence
number of offset random calls [0°) of sequenceé

44
45
46

run number
date of begin run (yymmdd)
version of program

47
47 414

number of observation levels
height of level in cm

58
59
60
61
62
63
64
65
66
67
68
69

70

slope of energy spectrum

lower limit of energy range in GeV
upper limit of energy range in GeV
cutoff for hadrons kinetic energy in GeV
cutoff for muons kinetic energy in GeV
cutoff for electrons kinetic energy in GeV
cutoff for photons energy in GeV
NFLAIN

NFLDIF

NFLPIO

NFLPIF

NFLCHE

NFRAGM

Table 8:

Structure of event header sub-block (to be condipue
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| Event header sub-block: (continued)

No. of word | Contents of word (as real numbers R*4)
71 | x component of Earth’s magnetic field 4T
72 | z component of Earth’'s magnetic field iT
73 | flag for activating EGS4
74 | flag for activating NKG
75 | low-energy hadr. model flag (1.=GHEISHA, 2.=UrQMD, 3.=FLBK
76 | high-energy hadr. model flg9.=HDPM,1.=VENUS, 2.=SIBYLL,
3.=QGSJET, 4.=DPMJET, 5MeXUS, 6.=EPOS)
77 | CERENKOV flag™
78 | NEUTRINO flag
79 | CURVED flag (O=standard, 2=CURVED)
80 | computer flag (3=UNIX, 4=Macintosh)
81 | lower edge of) interval (in®)
82 | upper edge of interval (in°)
83 | lower edge ofp interval (in°)
84 | upper edge od interval (in°)
85 | Cherenkov bunch size in the case of Cherenkov calculations
86 | number of Cherenkov detectors in x-direction
87 | number of Cherenkov detectors in y-direction
88 | grid spacing of Cherenkov detectors in x-direction in cm
89 | grid spacing of Cherenkov detectors in y-direction in cm
90 | length of each Cherenkov detector in x-direction in cm
91 | length of each Cherenkov detector in y-direction in cm
92 | Cherenkov output directed to particle output file q.)
or Cherenkov output file=f 1.)

Table 9: Structure of event header sub-block (to be contihue

T4AEVTH(77) has the following contents if converted to an imtegith suitable rounding applied:
bit 1 CERENKQV option compiled in

2 IACT option compiled in

3 CEFFIC option compiled in

4 ATMEXT option compiled in

5 ATMEXT option used with refraction enabled

6 VOLUMEDET option compiled in

7 CURVED option compiled in (see also EVTH(79))

9 SLANT option compiled in

11-21 table number for external atmosphere table (butdidnio 1023 if the number is larger).
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| Event header sub-block: (continued)

No. of word

Contents of word (as real numbers R*4)

93

94

95

96

97

98

98 +1
118 +14

angle (in rad) between array x-direction and magnetic north
flag for additional muon information on particle output file
step length factor for multiple scattering step length inSaG
Cherenkov bandwidth lower end in nm

Cherenkov bandwidth upper end in nm

number; of uses of each Cherenkov event

x coordinate of*” core location for scattered events in cm

y coordinate of*" core location for scattered events in cm

139
140
141

142

143
144
145

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161...167
168
169...273

SIBYLL interaction flag (0.= no SIBYLL, 1.=vers.1.6; 2.=\&P.1)

SIBYLL cross-section flag (0.= no SIBYLL, 1.=vers.1.6; 2er8.2.1)

QGSJET interact. flag (0.=no QGSJET, 1.=QGSJETOLD,
2.=QGSJETO1c, 3.=QGSJET-II)

QGSJET X-sect. flag (0.=no QGSJET, 1.=QGSJETOLD,
2.=QGSJETO01c, 3.=QGSJET-II)

DPMJET interaction flag (0.=no DPMJET, 1.=DPMJET)

DPMJET cross-section flag (0.=no DPMJET, 1.=DPMJET)

VENUSINEXUS/EPOS cross-section flag (O=neither, 1.=VENUSS

2./3.=NEXUSSIG, 4.=EPOSSIG)

muon multiple scattering flag (1.=Moliere, 0.=Gauss)

NKG radial distribution range in cm

EFRCTHN energy fraction of thinning level hadronic

EFRCTHNTHINRAT energy fraction of thinning level em-particleg

actual weight limit WMAX for thinning hadronic

actual weight limit WMAXWEITRAT for thinning em-particles

max. radius (in cm) for radial thinning

inner angle of viewing cone VIEWCONE (1)

outer angle of viewing cone VIEWCONE (i)

transition energy high-energy/low-energy model (in GeV)

skimming incidence flag (0.=standard, 1.=skimming)

altitude (cm) of horizontal shower axis (skimming incidejc

starting height (cm)

flag indicating that explicite charm generation is switcbed

flag for hadron origin of electromagnetic subshower on plartape

not used

flag for observation level curvature (CURVOUT) (0.=flat, durved)

not used

Table 9: (continued) Structure of event header sub-block.
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\ Particle data sub-block : (up to 39 particles, 7 words each) \

No. of word | Contents of word (as real numbers R*4)

7x (n—1)+1 | particle description encoded as:
part. idx 1000 + hadr. generatiofi x 10 + no. of obs. level
x (n—1) + 2 | px, momentum in x direction in GeV/c
x (n—1)+ 3 | py, momentum iny direction in GeV/c
X (n—1)+ 4 pz, momentum in -z direction in GeV/c
x (n — 1) +5 | x position coordinate in cm

(n—1)+

(n—1)+

X (n—1 y position coordinate in cm

X (n—1 t time since first interaction (or since entrance into atrhesey®
in nsec
[for additional muon information: z coordinate in cm]
forn=1...39

if last block is not completely filled, trailing zeros are add

Table 10: Structure of particle data sub-block.

\ Cherenkov photon data sub-block : (up to 39 bunches, 7 warcls)e

No. of words| Contents of word (as real numbers R*4)
7 x (n—1)+1 | number of Cherenkov photons in bunch
[in case of output on the particle output file:
99.E5 4+ 10xNINT(number of Cherenkov photons in bunch) +|1]
n — 1) + 2 | x position coordinate in cm

X (n—1)

X (n—1)+ 3 y position coordinate in cm

x (n— 1) +4 | udirection cosine to x-axis

X (n—1)+ 5 v direction cosine to y-axis

x (n — 1) + 6 | ttime since first interaction (or since entrance into atrhesgj°
in nsec

7 x (n—1)+ 7 | height of production of bunch in cm

forn=1...39

if last block is not completely filled, trailing zeros are adid

Table 11: Structure of Cherenkov photon data sub-block.

">The generation counter is set to 0 before the first interaciiod augmented by each hadronic interaction
or decay. The decay of*-mesons increases this counter by 51, thus the muons (aridnos) coming from
n*-decays may be discriminated from those originating in K&y or other reactions.

"6See keyword TSTART page 55.
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‘Longitudinal’ sub-block: (up to 26 depth steps/block)

No. of word | Contents of word (as real numbers R*4)
‘LONG’
event number
particle id (particle code oA x 100 + Z for nuclei)
total energy in GeV
(total number of longitudinal steps)100 +
number of longitudinal blocks/shower
6 | current numbern of longitudinal block
7 | altitude of first interaction in g/cn
8 | zenith angle in radian
9 | azimuth angleb in radian
10 | cutoff for hadron kinetic energy in GeV
11 | cutoff for muon kinetic energy in GeV
12 | cutoff for electron kinetic energy in GeV
13 | cutoff for photon energy in GeV
10 x n + 4 | vertical (rsp. slant) depth of stggn g/cn?
10 x n + 5 | number ofy-rays at step
10 x n + 6 | number of & particles at step
10 x n + 7 | number of € particles at step
10 x n + 8 | number ofu™ particles at step
10 x n 4+ 9 | number ofu~ particles at step
10 x n + 10 | number of hadronic particles at stg¢p
10 x n + 11 | number of all charged particles at step
10 x n + 12 | number of nucléf at step;j
10 x n + 13 | number of Cherenkov photons at step
for n = 1,26 and forj longitudinal steps

a b wWwN PR

for 15 ‘LONG’ block: 1 ... 5 ... 26
for 274 ‘LONG’ block: 27 ...j ... 52

for m* ‘LONG’ block: (m —1)-26+1...5...m-26

if last block is not completely filled, trailing zeros are add

Table 12: Structure of ‘longitudinal’ sub-block. (Thesegéeyof blocks are written only if
‘LONGI’ is enabled and ‘FLONGOUT is disabled, page 69.)

""Nuclei (A > 1) are not counted with the ‘hadron’ species. They are assumbe completely stripped and
therefore counted with their charge Z in the ‘all charge@aps.
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\ Event end sub-block : (once per event)

No. of word

Contents of word (as real numbers R*4)

1
2

‘EVTE’
event number

~No o hkhw

statistics for one shower :

weighted number of photons arriving at observation leyel(s
weighted number of electrons arriving at observation Igyel
weighted number of hadrons arriving at observation leyel(s
weighted number of muons arriving at observation level(s)
number of weighted particles written to particle output file
MPATAP. (This number includes also Cherenkov bunches,
if Cherenkov output is directed to MPATAP, but excludes
additional muon information.)

NKG output (if selected) :

7T+
28 +1
49 +1
70+

91 +1
112 41
133 41
154 + 1

175 41
185 +1
195 +1
205 + 1

215+
225 +1
235 +1
245+

i = 1, 21 lateral distribution in x direction for 1. level in cm
i = 1,21 lateral distribution in y direction for 1. level in cm
i = 1,21 lateral distribution in xy direction for 1. level in cm
i = 1,21 lateral distribution in yx direction for 1. level in cm

i = 1,21 lateral distribution in x direction for 2. level in cm
i = 1,21 lateral distribution in y direction for 2. level in cm
i = 1,21 lateral distribution in xy direction for 2. level in cm
i = 1,21 lateral distribution in yx direction for 2. level in cm

i = 1,10 electron number in steps 060 g/cn?

i = 1,10 pseudo-age in steps 60 g/cn?

1 =1, 10 distances for electron distribution in cm
i = 1,10 local pseudo-age 1. level

i = 1,10 height of levels for electron numbers in g/&m
1 = 1,10 height of levels for electron numbers in cm

1 =1, 10 distance bins for local pseudo-age in cm

i = 1,10 local pseudo-age 2. level

255 +1

262
263
264
265
266
267
268..273

1 = 1,6 parameters of longitudinal distribution of charged
particles

x? per degree of freedom of fit to longitudinal distribution
weighted number of photons written to particle output file
weighted number of electrons written to particle output file
weighted number of hadrons written to particle output file
weighted number of muons written to particle output file
number of em-particles emerging from pre-shower

not used

Table 13: Structure of event end sub-block.
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| Run end sub-block : (once per run) |

No. of word | Contents of word (as real numbers R*4)
1| ‘RUNE’
2 | run number
3 | number of events processed
4...273| not used yet

Table 14: Structure of run end sub-block.

10.2.1 Version without Thinning

The information is stored unformatted in a fixed block stouetwith a block length of 22932
bytes. A block consists of 5733 words each 4 bytes Tangach block consists of 21 sub-
blocks of 273 words. These sub-blocks can be a RUN HEADER, MEWVHEADER, DATA
BLOCK, LONGitudinal, EVENT END, or a RUN END sub-block (sealile 6). The contents
of the sub-blocks are listed in Tables 7 to 14.

10.2.2 Thinning Option

To take the weight parameter for each particle the datatseiof the version without thinning
has to be extended for the THIN option. The structure of thipuwtu(see Table 6 page 94)
remains unchanged, but the blocksize is enlarged to a lerig6208 bytes. Now a block has
6552 words each 4 bytes lofig consisting of 21 sub-blocks of 312 words. The ends of the
sub-blocks RUN HEADER (see Table 7 page 95), EVENT HEADER: (Bable 9 page 97),
LONGitudinal (see Table 12 page 100), EVENT END (see Tablpddge 101), and RUN END
(see Table 14) are filled up with zeros, while the data blotkbles 10 and 11 page 99) contain
8 words for each particle rsp. Cherenkov bunch, the last @eglthe weight. Again 39
particles are collected within one data sub-block.

10.3 Compact Output

The compact particle output available in the COMPACT opti8ect. 3.5.7 page 38) is or-
ganized similar to the normal particle output (see Sec page 94 ff.) with the following
modifications:

e The block size of the records has variable length.

¢ In the block structure (Table 6 page 94) the ‘event end’ ldaare omitted completely.

80n UNIX installations using the GNU g77 compiler, on HP UNI¥ations, and some other machines the
blocks comprise two additional words giving the record kbng
" Concerning the weight calculation see Sect. 3.5.22 pagk 46 f
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¢ Only the first event header block has its full length (273 &R 4-byte words) and starts
with the characters ‘EVTH’. The headers of subsequent evamet shortened and contain
only the first 12 parameters of Table 9 (page 97) and starttiwéltharacters ‘EVHW'.

e The data blocks have variable length, trailing zeros ardtethi They are headed by a
4-byte integer which defines the length (in 4 byte words) efdhpended data block. The
maximal length is to 1+273 4-byte words (rsp. 1+312 4-bytedsdor thinning).

Therefore a special reading routine for this output is nemgs The Cherenkov output is not
affected by the COMPACT option, but it must be directed to@herenkov output file MCETAP
(page 76, LCERFI = .true.).

10.4 .inclined.binary File Output

This file is produced in the ROOTRACK version (Sect. 3.5.18§g45) which is needed to
define an inclined observation plane by the keyword INCLIN{S4.54 page 72). The format
and structure is identical to the normal binary output dé¢eas described in Sect. 10.2 (page
94), besides the fact that all coordinates are given witéninclined plane, with the origin at
the intersection of the shower axis with the inclined obagon plane.

10.5 .lhbook File Output

The optional file datnnnnnn.lhbook’ written to the directory DSN (see keyword DIRECT,
page 74) contains histograms produced by the ANAHIST (p&jeBd/or the AUGERHIST
(page 37) options. Do not use capitals in the DSN directorpenas the HBOOK routines
tolerate only lower case characters. Table 15 gives the etinthof the hbook histograms. The
histograms with numbers1000 are produced by ANAHIST, while those with numbers above
come from the AUGERHIST option. If both options are selecbeth series of numbers appear
in parallel without interferences. Both series of histogseare added up for many showers and
normalized correctly before writing them to output. The ABIEHIST histograms are produced
for up to 20 levels (to be specified by the keyword OBSLEV, patjewhich are denoted by

i with 01 < ii < 20, and for various particle types denoted by jj with < jj < 04 with the
meaning: 00 gamma01l =electron 02 =positron 03 =muon 04 =hadron

10.6 .long File Output

The optional file D ATnnnnnn.long’ written to the directory DSN (keyword DIRECT page
74) contains a table of the longitudinal distribution ofigais particle numbers, arranged in the
columns:

depth, vy, e, e, ut, u~, hadrons, charged particles, nuclei, Cherenkov photons®.
In a second table the longitudinal distributions of energpaskit (in GeV) by various par-
ticle species are given in columnslepth, v energy cut, e* ionization, e* energy cut,

80The Cherenkov photon longitudinal distributions are inficeed by selecting the preprocessor options INTC-
LONG and NOCLONG (page 36, see also page 70) and AUGCERLONGe(B7).
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histo number dimension content of histograms

1-28 1-dim longitudinal distributions

99 2-dim particle codes vs log10(r)

101-331 1-dim ground particle distributions

341 -451 2-dim ground particle distributions

999 1-dim density normalization

10iijj 1-dim lateral particle distributions

20ii10 1-dim Cherenkov photons vs. emission angle
30iijj 1-dim energy spectra

40iijj 1-dim deposited energy vs. distance

41iijj 1-dim releasable energy vs. distance

Table 15: Histogram numbering of thédtnnnnnn.lhbook’ file.

w* ionization, p* energy cut, hadron ionizationhadron energy cut, neutrino, sum of all.
For both tables the binning is in vertical depth (in g#¢ras specified by the keyword LONGI,
rsp. slant depth (in g/cthif the SLANT option (page 45) has been selected. This tabtpud
is activated by the keyword LONGI (page 69).

10.7 .tab File Output

The optional file D ATnnnnnn.tab’ written to the directory DSN (keyword DIRECT page 74)
contains information on the particles arriving at the loietector level. Activation is done by
the keyword PAROUT (page 74). There are 3 tables contairdpgrately the number of, e,
and .~ particles binned into energy (40 bins ranging fraft keV to 10 TeV in logarithmic
steps), time delay relative to a spherical shower front (88 kanging froml0 nsec tol0 psec

in logarithmic steps), and core distance (20 bins ranginghfs0 m to 5 km in logarithmic
steps).

Additionally a fourth table is written containing the longglinal development of, e™, e, u™,
1, hadrons, andcharged particles (see Sect. 10.1 page 92) in steps as defined by keywo
LONGI (page 69). This fourth table output is activated by paeameter LLONGI of keyword
LONGI.

10.8 .dbase File and .info File Output

To build up a data base as a directory of a shower library whitdibles a computer aided
search for specific shower events, tlieATnnnnnn.dbase’ file (page 78) may be used. The
content of the D ATnnnnnn.dbase’ file consists of parameter words enclosed within kksna
followed by the information on the corresponding parametée list of parameter words and
their contents is given in Table 16 (page 106). In the AUGHRINversion this file is named
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‘D ATnnnnnn.info’ and for each parameter a new line is started omittirgit mark separators.
It should be noted, that some of the parameters listed ineTa6lare present only with the
selected options e.g. for thinning (page 46), for extertmlospheres (page 37), for viewing
cone (page 49), or for Cherenkov telescopes (page 34).
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Content ofDATnnnnnn.dbase (rspD AT nnnnnn.info) file

Keyword

Content (Format)

#version#
#versiondate#
#modelversion#
#rundate#

#computer#
#curved#
#neutrino#
#cerenkov#
#runnumber#
#primary#
#erangel#
#erangeu#

#slope#
#nkg#
#Hegst

#model#

#gheisha#
#isobar#
#model+crossect

#hadflagl#
#hadflag2#
#hadflag3#
#hadflag4#
#hadflag5#
#hadflag6#
#longi#
#longistep#
#magnetx#
#magnetz#
#nobslev#

#obslev1#
#obslev2#
#obslev3#
#obslev4#
#obslevs#
#obslevo#
#obslev7#
#obslev8#
#obslevo#
#obslev10#
#heut#
#mcut#

version number (F6.3)

date of version YYYYMMDD (19)

version number of high-energy hadronic interaction prog(g8.3)
date of run YYYYMMDD (19)

computer option (12) (3=UNIX/LINUX, 4=Macintosh)
number indicating CURVED option (12)(2=curved, O=else)
number indicating NEUTRINO option (12)

number indicating CERENKOV option (12)

run number (17)

particle code of primary particle (15)
lower end of primary energy range (E14.7)
upper end of primary energy range (E14.7)

slope of primary energy spectrum (E15.7)
number indicating use of NKG option (12)
number indicating use of EGS4 option (12)

high-energy hadr. int. model (0=HDPM, 1=VENUS, 2=SIBYLL,
3=QGSJET, 4=DPMJET, %X US/EPOS) (12)

low-energy hadr. model(1=GHEISHA, 2=UrQMD, 3=FLUKA) (12)
low-energy hadr. model(1=GHEISHA, 2=UrQMD, 3=FLUKA) (12)
# high-energy hadr. model and cross-sections (0=HDPM, 114§,
22=SIBYLL, 33=QGSJET, 44=DPMJET, 55€XUs, 66=EPOS (12);
number indicating NFLAIN (12)

number indicating NFLDIF (12)

number indicating NFLPIO (12)

number indicating NFLPIF (12)

number indicating NFLCHE (12)

number indicating NFRAGM (12)

number indicating use of longitudinal sampling (12)
step width for longitudinal sampling (E14.7)
horizontal component of Earth’s magnetic field (E15.7)

vertical component of Earth’s magnetic field (E15.7)
number of observation levels (13)
height of highest observation level (E15.7)

height of 2nd observation level (E15.7)
height of 3rd observation level (E15.7)

height of 4th observation level (E15.7)
height of 5th observation level (E15.7)
height of 6th observation level (E15.7)
height of 7th observation level (E15.7)
height of 8th observation level (E15.7)
height of 9th observation level (E15.7)
height of 10th observation level (E15.7)
energy for hadron cut (E14.7)

energy for muon cut (E14.7)

Hecut#

energy for electron cut (E14.7)

Table 16: Content oD AT'nnnnnn.dbase (rspD AT nnnnnn.info) file (to be continued).
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Content ofDATnnnnnn.dbase (rspD AT nnnnnn.info) file (continued)

Keyword Content (Format)

#gcut# energy for gamma cut (E14.7)

#thetal# lower end ofd range (E14.7)

#thetau# upper end ob range (E14.7)

#phil# lower end of¢ range (E15.7)

#phiu# upper end ofp range (E15.7)

#ixhei# fixed height of first interaction (E14.7)

#nlsttr# first target (13) (O=random air, 1=Nitrogen, 2=0xygen, 3géin)
#ixchi# starting altitude of primary particle (E14.7)

#stepfc# multiple scattering step length factor (E14.7)
#arrang# array rotation angle (E15.7)

#himpact1# lower limit of horizont. shower axis (skimming incid.) (E14
#himpact2# upper limit of horizont. shower axis (skimming incid.) (ET%
#muaddi# number indicating use of additional muon information (12)
#nseg# number of used sequences for random generator (12)
#seqlseedl# seed of sequence 1 (19)

#seqlseed2# number of calls of sequence 1 (19)

#seqlseed3# billions of calls of sequence 1 (19)

#seq2seed1# seed of sequence 2 (19)

#seq2seed2# number of calls of sequence 2 (19)

#seq2seed3# billions of calls of sequence 2 (19)

#seq3seedl# seed of sequence 3 (19)

#seq3seed2# number of calls of sequence 3 (19)

#seq3seed3# billions of calls of sequence 3 (19)

#size# size of particle tape output (110)

#dsnevents# data set name of particle tape output (A59)
#dsnprtout# data set name of txt file output (A9)

#tapename# name of data tape (A10)

#backup# name of backup tape (A10)

#howmanyshowers# number of showers to generate (110)

#host# host computer name (A20)

#user# user name (A20)

#atmosphere# Modtran atmosphere model number (13)

#refract# number indicating use of refractive index (12)
#viewconl# inner limiting angle of viewing cone (E14.7)
#viewconu# outer limiting angle of viewing cone (E14.7)
#telescope # coordinates:, y, z, r of telescopée (4F11.1)

#cscat # number and range of scatteringany (2F10.1)
#thinning# number indicating use of thinning (12)

#thinnlevhad# thinning level hadronic (E14.7)

#thinnlevem# thinning level em (E14.7)

#maxweighthad# | weight limit hadronic (E14.7)

#maxweightem# weight limit em (E14.7)

#rad max# maximum radius for radial thinning [m] (E14.7)
#energyprim# primary energy of first shower (E14.7)

#thetaprim# primary’s@ of first shower (E14.7)

#phiprim# primary’s ¢ of first shower (E14.7)

Table 16: (continued) Content & ATnnnnnn.dbase (rspD ATnnnnnn.info) file.
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11 Hints for Programmers

If you need any option, addition, or other extension whichas (yet) covered by CORSIKA,
feel free to program it. (Please contact T. Pierog or D. Heafloie doing so.) If your addition
is of general interest, it might be worth to take it over irtte hext official CORSIKA release.
At the beginning of theorsika.h file you find a rather complete list of all global variablesd
in /COMMONS/. This enables to check the names which you gous yariables for conflicts
with names already used within CORSIKA. The names of the CRRSommons start with
CR.... to prevent conflicts with common or subroutine nanfelinked interaction program
packages.

As the largest fraction of the CORSIKA routines is writterOAPITAL letters, you are advised
to use lower case characters for your private program extessThis facilitates to distinguish
your programming from the official code.

We advise you to use:

Jcoconut [help] [dev] [options] [configure options]

to handle your compilation/installation processes.

It is recommended to run ./coconut (without arguments) tdigare and install CORSIKA.
Various options are available ifcoconutfor expert use only:

e -- x: Any additional option with trailing- will be passed on tdconfigure directly
(try e.g.--help ).

e -h, --help  : Display a help file and stop.
e -b, --batch : No user interaction, just take DEFAULT and CACHED configioa.

e -C, --Clean . Executemake clean (if CORSIKA is already installed once). Re-
move all object files and stop.

e -d, --distclean : Executemake distclean  (if CORSIKA is already installed
once). Remove all files produced by the installation (butthetbinaries irrun/ ) and
stop.

e -e, --expert . Activate expert mode with additional configuration stepg( force

compilation in 64-bit mode).

e -i, --install : Executemake install (if CORSIKA is already installed once).
Compile, link and copy binaries intaun/ , but./configureis not called at all (except if
it was never done before. W akefiles are not yet installed/configurewill be called
once).

e -m, --make : Executemake all (if CORSIKA is already installed once). Compile
and link, but do not copy binaries tan/ , and./configureis not called at all (no option
selection ... except if it was never done before. Miukefiles are not yet installed,
Jconfigurewill be called once).

108



e -n, --no-cache : Do not use cached configuration.

o -t, --dist : Torunmake dist (skips configuration).
e Configure options . Any option can be transfered twnfigure for more informa-
tion use-h or--help 3!, but--prefix  , --bindir and--libdir are already de-

fined incoconut You should not change this options. Values define®G¢, $SCCLAGS
PCXX $CXXFLAGSS$CPP, $CPPFLAGSNd$LDFLAGSenvironment variable are al-
ways used if defined. To use the values define@k77 and $FFLAGSenvironment
variable in./coconut the following environment variable has to be defined:

setenv CORSIKA_USER_COMP yes

If $CORSIKAUSERCOMHMs not empty, ther/coconutdoes not set any®RTRAN com-
piler name or flags. If they are not defined by you (see A.1 tonktiee recommended
flags), ./configurewill give some default value (compilation not guaranteefip don't
use this option if you don’t know exactly what you are doing gupport for this).

Run it a first time to select the options you want to use (sawvesllibdir/include-
/config.h ) and then work directly on therc /corsikaF file (FORTRAN+preprocessor com-
mands). To compile this modified source without calloogfigureagain, use/coconufdev]
make for debugging. It's equivalent just to go into the proper divéctory (depending on
dev) and to type

rm -f compilefile.f
make

This will update thecompile file.f with your modifications and then compile it. When the
compilation is successful, you can link objects and lilsiintorun /corsika(VER){OS)-
(HIGH) (low)® by typing

Jcoconut --install

in your corsika-6990/ directory?.
When the development phase is over, you can use the stanmdaretpre

Jcoconut [dev]

81Call configurehelp.

82Where (V ER) is the version numbexOS) is the operating system used for compilati¢f,/GH) is the
chosen high energy hadronic interaction model @nd) is the chosen low energy hadronic interaction model.

83The ./coconutcompiles and installs all the libraries needed by CORSIKAddinked with and then creates
a binary file inrun/ . Then, if you changeorsika.F, doing simply./coconut--make will produce acorsika
executable file irsrc/ . You can then copy this file intaun/ to use it with all the data files.
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to have binary files with different options (ffev is not used any more, you will have to type
coconut--distclean or make distclean in corsika-6990/ first.).

We strongly recommend to use this scheme (instead of thiitnaa compile file.f) because
it is the easiest way for you and for us, if later this modificathas to be implemented in the
official release of CORSIKA (with proper preprocessor comds) or if you want to use your
modifications with different CORSIKA options.

If you prefer to work orcompile file.f anyway, you can use the produckth ke files to compile
it. To produce théVakefiles, use/coconutdev (note thedev optior®?), select your options
and, at the end, save the source code and do not compile. Ybemnly have to rename
your source filecorsika(VER)(OS) (HIGH) (low)_compilefile.f to compilefile.f and
then you have to typmakein src/ to compile omakeinstall in your corsika-6990/
directory to (compile and) link to get a binary file. In thisseayou should not us€'coconut
any more, because this will not take into account your maatifis (and even overwrite the
compile file.f). Of course, if you already used some “home-madi&ike files with a former
version of CORSIKA, you can use it with thismpile file.f.

12 In Case of Problems..

In spite of our care to avoid faults in the physics model andrsrin the programming of
CORSIKA and in writing this CORSIKA GUIDE, you may have prebis of technical or
physical nature with the code or the results you obtain fromlease report all problems to the
address mentioned on page 2. When applying for help in cdseash,it is recommended to
transmit the control printout file (txt file) , as it contains the selected preprocessor options as
well as it echos the employed input keywords with their paatars.

Special interest exists in comparisons of CORSIKA simalaiwith experimental cosmic ray
data.

Suggestions to improve CORSIKA in any respect are welcome.

84|f you don't use thedev option when running/coconut you can follow the same following scheme but us-
ing M akefiles located ircorsika-6990/lib/'uname’/ andcorsika- 6990/lib/'uname‘/src/
(for instance corsika-6990/lib/Linux/src/ if you work on a LINUX system) instead of just
corsika-6990/
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A Compilation and Linking

Using thecoconutscript, it will call make automatically and nothing has to be done. But for
expert people who want to do their owthake file, a description of what has to be done is given
in this appendix.

A.1 Compilation

After running./coconut  asking not to compile at the end of the selection processggbu
a source filecorsika(V ER)Y(OS)_(HIGH) _(low)_compile file.f in the src/  subdirectory.
This subdirectory is the working directory for the followicommands. Thisorsikacompile-
file.f FORTRAN file and thelpmjet25i.f, epos .f,  nexusxxx.f, qgsjet-11-03.f(rsp. qgs-
jet0le.f), sibyll2.1.f, venus.f, andgheisha_2002d.f sources and/or thergmd FORTRAN files
have to be compiled before linking them together to obtaiexatutable module. To prevent
overwriting of local variables by optimization of some cadtaps SAVE statements (which re-
place the ‘- static’ option to be used for the previous red¢asve been implemented throughout
in the FORTRAN files of corsikacompilefilef, gheisha_2002d.f, dpmjet25i.f, qgsjet-11-03.f
(rsp. qgsjet0lc.f), sibyli2.1.f, andvenus.f. It is recommended to use the ‘bounds chetk’
option for first trials to inhibit uncontrolled array operats outside the allowed index range.

e For DEC-UNIX machines the procedure looks like
f77 -c -check _bounds $1.f 2 >$l.ermr
(This means: Suppress the loading phase; generate codefaonpeuntime checks on
subscript.)

e Procedures for LINUX computers with GNU g77 compilers sklobe used without
optimizatiorf® and are
g77 -c -O0 $1f 2 >$l.err
to ensure correct simulations.

e Procedures for LINUX hosts (with 64bit AMD CPU’s) with GNU gZompilers should
be used without optimizatiéhand are
g77 -c -O0 -m32 $1.f 2 >$l.err
to ensure correct simulations with the correct data form#t@binary output files.

e Hosts with Portland pgf77 compiler available might use
pgf77 -c -02 $1.f 2 >S$l.ermr
which gives a fast and reliable executable on LINUX hosts.

85But not using GFORTRAN compiler, it will result in unexpedtstop.

86Do not use the optimization without carefully checking tiesults. There is bad experience with GNU g77
(v0.5.24 and egcs-2.91.66) which frequently brings NaN particle output file for the x and y coordinates of
particles or results in unidentified hang-ups within the QBB routines. Also the g77 optimization causes the
DADMUL integration routine to end with an error stop (messa®BRSGM: IFAIL=1 ....) despite the correct
programming respecting alldRTRAN standards.
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e Compile procedures for IBM RS6000 are

xlf -c -C -O -gextname -gsave -gmaxmem=-1 $1.f 2 >$l.err

e For HP-UX processors the compilation procedures look like
fort77 -c -K +E1 +ppu +Dportable -O2 +Onolimit $1.f 2 >$1.err
and the+E1 option should also be used in the link step.

These compiler procedures should be used for all need&d ®AN programs. Our experience
with machines other than DEC or LINUX are sparse.

DPMJET option: To compile thedpmjet25i.f files (i=3c, 4, 5c, 6¢) in./dpmjet/ , & pro-
cedure equivalent to the one for 77 compilers on DEC-UNIXchiaes” is recommended:
f77 -c -C -fped4 -check underflow -check overflow -g3 -O1

(This means: Suppress the loading phase; generate codéadmpeuntime checks on subscript;
continue program after overflow, zero divide, invalid dataunderflow; check underflow and
overflow at run time; produce trace back and debugging inédion in object file; enable local
optimizations.)

As the filedpmjet253c.f (PYTHIA package) is extremely large you presumablydtavgive in
advanc&

limit datasize unlimited
limit stacksize unlimited

to overcome the small default values of many compilers wietd to an error stop during
compilation. For machines other than DEC-UNIX and LINUXrhés no experience with the
compilation of DPMJET routines.

EPOS option: The compiler procedures of the standard case (see begiisaiibsection A.1)
should be used.

To compile theepos .f  source filesin./epos/  you should use th&/ake file.ka available
with EPOS (omitting the link step).

For compiling and linking EPOS you presumably have to five

limit datasize unlimited
limit stacksize unlimited

to overcome the small default values of many compilers wietd to an error stop during
linking. Linking is performed e.g. by

87For GNU g77 compilers the options
-c -C -fno-automatic -finit-local-zero -Wunused -m32 -Wun initialized
-malign-double -O
might be used.
88Usage ofcsh shell is assumed. In other shellsi(or ksh) you should uselimit -d unlimited and
ulimit -s unlimited
89See footnote at DPMJET compilation page 114.
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f77 corsika_compilefile.o gheisha_2002d.o0 ../epos/ *.0 -0 corsika6990

where the compiled EPOS program parts are expected to bataeawithin the subdirectory
..lepos/

NEXUS option: The compiler procedures of the standard case (see beginsafithsection
A.1) should be used.
To compile thenexusxxx.f  source files in./nexus/ you should use thé/akefile.ka

available withNEXus (omitting the link step).
For compiling and linkingiuEX us you presumably have to gite

limit datasize unlimited

limit stacksize unlimited

to overcome the small default values of many compilers wietd to an error stop during
linking. Linking is performed e.g. by

f77 corsika_compilefile.o gheisha_2002d.o0 ../nexus/ *.0 -0 corsika6990

where the compiled EXUS program parts are expected to be available within the sebidiry
..Inexus/

FLUKA option: For compiling the CORSIKA-FLUKA version of theorsika.compilefilef,
the FLUKA include files should be available in the subdiregfoom which you are calling the
compiler to include them into the CORSIKA-FLUKA linking rtines at the appropriate places.
Preferentially you use the f77 rsp. g77 compiler with theapt

-I flukadirectoryflukapro

to indicate the compiler where to find the include files. Fbstdps using the FLUKA package
you presumably have to gite

limit datasize unlimited

limit stacksize unlimited

to overcome the small default values of many compilers widal to an error stop during link-
ing.

URQMD option: For compiling the CORSIKA-URQMD version of theorsika.compilefilef,
the UrQMD include filesboxinc.f, colltab.f, comres.f, coms.f, inputs.f, newpart.f, and
options.f should be available in the directory from which you ardinglthe compiler to include
them into the CORSIKA-URQMD linking routines at the appriepe places. Alternatively you
may use the f77 rsp. g77 compiler with the option

-I../urgmd

to indicate the compiler where to find the include files. Thepier procedures of the standard
case (see begin of this subsection A.1) should be used toilmtin@corsikacompilefilef .
Theurgmdl.3corstar.gz file contains the UrQMDL1.8ors source routines with slight modifi-
cations to adapt them for the use with CORSIKA. To compiles¢h&drQMD source files one

90See footnote at DPMJET compilation.
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uses thdg)make command with the optioAf GNUmakefilecorsika(omitting the link step)
inthe../Jurgmd/  subdirectory.

NUPRIM option: When compiling the CORSIKA-NUPRIM version of tlwersika.compile
file.f, the HERWIGC.INC include file should be available in the subdirectognirwhich you
are calling the compiler to include it into the CORSIKA-HER®Iinking routines at the ap-
propriate places. Alternatively you may use the f77 rsp. gatvipiler with the option
-I../herwig

to indicate the compiler where to find the include file.
This include file is a simple copy of the HERWIGNnN.INC file pided with the source code of
the HERWIG model. In th@erwig/  subdirectory you give the command:

cp HERWIGNN.INC HERWIG_C.INC

Before compiling the HERWIG routines you should

e remove (erase or comment off) the functiddVRGENwith entriesHWRSETandHWR-
GETthus using the CORSIKA random generator (sequence 5) witietHERWIG rou-
tines;

e when using the NUPRIM option together wikEXus or EPOS: Rename theOMMON
[JET/ within Herwig.

The compiler procedures of the standard case (see begirsaiuisection A.1) should be used
for the CORSIKA-NUPRIM version as well as for HERWIG.

C-file: If you have specified the TIMERC, the PRESHOWER, or the STAGR#ON you need
the compilation of th&-file timerc.c, preshw.c or stacee.c using a command like

cc -c timerc.c (rsp. cc -c preshw.c or cc -c stacee.c ).

For the compilation of th€-routines of the bernlohr package see the instructionseteld with
the bernlohr package.

A.2 Linking

For linking of most CORSIKA versions typically a proceduseused (assuming QGSJET is
employed) like:
g77 corsika _compilefile.o gheisha _2002d.0 qgsjet-11-03.0 trapfpe.o \

-m32 -0 corsika

For linking the large packages of FLUKA, UrQMD, DPMJET, ERGHERWIG,NEXUS, and
VENUS you presumably have to gitte
limit datasize unlimited

91See footnote at DPMJET compilation page 114.
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limit stacksize unlimited
to overcome the small default values of many compilers wigald to an error stop during link-

ing.
If the pgf77 compiler has been used for compilation, you should also g&&/dor linking:
paf77 corsika _compilefile.o gheisha _2002d.0 qgsjet-11-03.0 -0 corsika

For linking FLUKA versions the FLUKA library has to be included in the link step
g77 corsika _compilefile.o qggsjet-11-03.0 trapfpe.o \
-L flukadirectory -Iflukahp -m32 -0 corsika

For linking FLUKA with pgf77 you should use the optiofg77libs  in the link step to
ensure that the runtime librayof g77 is available as it is needed for running the FLUKA
routines.

In the run step of FLUKA versions the environment variableJARO has to be set

setenv FLUPRO flukadirectory

which is necessary to link the data files which will be readyrtiie FLUKA package. Addi-
tionally the stacksize and datasize limits have to be oveecalso in the run step.

Linking of URQMD versions is performed easiest (e.g. for DEC-UNIX) by
f77 corsika _compilefile.o qgsjet-11-03.0 ../urgmd/obj _urgcors/  *.0 \
trapfpe.o -m32 -o corsika6990 _QGS-Il _urgl3

to include theo files of UrQMD which are stored into the subdirectory
..Jurgmd/obj _urgcors by the GNU-make compilation procedure.

No other libraries are normally required.

If you have specified the TIMERC, the PRESHOWER, or the STAG@REON, you need the
linking of the compiledC-file timerc.o (rsp.preshw.o or stacee.0).

For linking the compiledC-routines of the bernlohr package see the instructiongseteld with
the bernlohr package.

92Be aware that the FLUKA LINUX version and the runtime libramg fitting together.
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B Flow Diagram

START

initialization,
read steering cards & data,
write general run information

>¢

initialize shower,

primary energy & angle,

height of first interaction,
coordinate correction,

write general shower information

place of
next
inter-
action

—

determine transport range,

transport to next interaction,
observation level traversed ?
choice of interaction type,
energy & angle cuts

perform interaction
(electromagnetic interaction,
hadronic interaction,
decay;
various models)

take next particle

.

inter-
mediate
stack

write end of shower
print shower information

¢

write end of run
print run information

END

Figure 2: Simplified flow diagram of CORSIKA.
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C Sequence of Initializations

The sequence of initializations is shown for the QGSJETaopliNTTEST option in brackets)
as example, other interaction model options may diffetgljg The indentation gives the hier-
archy of subroutines. Subroutine names are written in CARS!

AAMAIN (CORSIKA main program)
START
write  CORSIKA version and options

PAMAF
set particle masses and decay times

DATAC
read keywords from input

set OBSLEV atmospheres and layers
initialize random generator
read NUCNUCCS cross-section tables

FILOPN

open output files and external stack
QGSINI

initialize QGSJET-I11

QGSET QGSJET- IT)

QGAINI ( QGSJET-II)
read qgsdat-11-03 and sectnu-1I1-03

QGSSIGINI

CGHINI
initialize GHEISHA

EGSIN1
initialize EGS4

EGSIN2
read EGSDAT6.X.X

calculate physical constants
(set projectile and target for HSINI)

(HSINI)
(histogram initialization for INTTEST)

INPRM
check input parameters

set various parameters: magn. field, Cherenkov...

MUPINI
set p-parameters and p-cross-section tables

write RUNHEADER
write  .dbase (rsp. .info) file

ININKG
initialize NKG parameters

clear statistics arrays: multiplicity, elasticity, weigh t...
shower loop
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D Atmospheres

The atmosphere adopted consistdef O,, and Ar with the volume fractions of8.1%, 21.0%,
and0.9% [57]. The density variation of the atmosphere with altitislsnodeled by 5 layers. In
the lower four of them the density follows an exponentialetggtence on the altitude leading to
a relation between the mass overburd&n) of the atmosphere and the heighof the form

T(h)=a; +b;-e M i=1,....4 . (6)
In the fifth layer the mass overburden decreases linearly hnatght
T(h) = a5 — b5 . h/C5

The boundary of the atmosphere in this model is defined at eéighhwhere the mass over-
burdenT'(h) vanishes (which is @ = 112.8 km for the U.S. standard atmosphere).

Various atmospheres are foreseen: U.S. standard atmegmra@ameterized according to J. Lins-
ley [58], 7 typical atmospheres as measured above Stuagatutc0 km away from Karlsruhe)
at various days of 1993 and transmitted by Deutscher WettestlOffenbach (parameterized
according to Ref. [59]), 4 South pole atmospheres (parameteby D. Chirkin according to
the MSIS-90-E model [60]), two South pole atmospheres byipari[61], and 5 seasonal
dependent atmospheres for the Pierre Auger Observatosriexgnt at Malargile (Argentina)
(parameterized by B. Keilhauer [62], who provided also a parameterization of the U.S.
standard atmosphere). The parametgr$;, andc; are selected in a manner that the function
T'(h) is continuous at the layer boundaries and can be diffettedti@ontinuously. In Tables 17
- 36 the parameters for the various models are listed. Aaithtiatmospheres [36] are available
by the keyword ATMOSPHERE (page 58) in the ATMEXT option (pa®jr). User specific
atmosphere parameters may be read in using the keywords A,MDOMA, ATMB, ATMC,
and ATMLAY.

U.S. Standard Atmosphere

| Layeri | Altitude » (km) | a; (g/en?) | b; (glen?) | ¢ (cm) |

1 0... 4 —186.555305 1222.6562 | 994186.38
2 4...10 —94.919 1144.9069 | 878153.55
3 10... 40 0.61289 1305.5948 | 636143.04
4 40...100 0.0 540.1778 | 772170.16
5 > 100 0.01128292 1 107

Table 17: Parameters of the U.S. standard atmosphere l(aftdey).
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Middle Europe

| Layer: | Altitude . (km) | a; (g/en?) | b; (glen?) | ¢ (cm) |
1 0... 4 —118.1277 1173.9861 | 919546.
2 4...10 —154.258 1205.7625 | 963267.92
3 10... 40 0.4191499 1386.7807 | 614315.
4 40...100 5.4094056 - 10~4 555.8935 | 739059.6
5 > 100 0.01128292 1 10?

Table 18: Parameters of the AT115 atmosphere (January 93).19

| Layer: | Altitude  (km) | a; (g/en?) | b (g/en?) | ¢ (cm) |
1 0... 4 —195.837264 1240.48 933697.
2 4...10 — 50.4128778 1117.85 765229.
3 10... 40 0.345594007 1210.9 636790.
4 40...100 5.46207 - 104 608.2128 | 733793.8
5 > 100 0.01128292 1 107

Table 19: Parameters of the AT223 atmosphere (Februaryd®3)1

| Layeri | Altitude 2 (km) | a; (g/en?) | b (glen?) | ¢ (cm) |
1 0... 4 —253.95047 1285.2782 | 1088310.
2 4...10 —128.97714 1173.1616 | 935485.
3 10... 40 0.353207 1320.4561 | 635137.
4 40...100 5.526876 - 1074 680.6803 727312.6
5 > 100 0.01128292 1 107

Table 20: Parameters of the AT511 atmosphere (May 11, 1993).

121



| Layeri | Altitude i (km) | a; (g/en?) | b (glen?) | ¢ (cm) |

1 0... 4 —208.12899 1251.474 | 1032310.
2 4...10 —120.26179 1173.321 925528.
3 10... 40 0.31167036 | 1307.826 645330.
4 40...100 5.591489 - 10~* 763.1139 | 720851.4
5 > 100 0.01128292 1 107

Table 21: Parameters of the AT616 atmosphere (June 16,.1993)

| Layeri | Altitude i (km) | a; (g/cn?) | b; (g/en?) | ¢ (cm) |

1 0... 4 — 77.875723 1103.3362 | 932077.
2 4...10 —214.96818 1226.5761 | 1109960.
3 10... 40 0.3721868 | 1382.6933 | 630217.
4 40...100 5.5309816 - 10~* | 685.6073 | 726901.3
5 > 100 0.01128292 1 10°

Table 22: Parameters of the AT822 atmosphere (August 228)199

| Layeri | Altitude i (km) | a; (g/len?) | b; (glen?) | ¢ (cm) |

1 0... 4 —242.56651 1262.7013 | 1059360.
2 4...10 —103.21398 1139.0249 | 888814.
3 10... 40 0.3349752 | 1270.2886 | 639902.
4 40...100 5.527485 - 107 | 681.4061 | 727251.8
5 > 100 0.01128292 1 10°

Table 23: Parameters of the AT1014 atmosphere (October9b38)1

| Layer: | Altitude . (km) | a; (glcn?) | b; (glen?) | ¢ (cm) |

1 0... 4 —195.34842 1210.4 970276.
2 4...10 —71.997323 1103.8629 | 820946.
3 10... 40 0.3378142 1215.3545 | 639074.
4 40...100 5.48224 - 1074 629.7611 | 731776.5
5 > 100 0.01128292 1 10°

Table 24: Parameters of the AT1224 atmosphere (Decembé&©23).
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South pole

| Layer: | Altitude 7 (km) | a; (g/cn?) | b; (g/cn) | c; (cm) |
1 0... 4 —137.656 1130.74 867358.
2 4...10 —37.9610 1052.05 741208.
3 10... 40 0.222659 1137.21 633846.
4 40...100 — 0.000616201 442.512 759850.
5 > 100 0.00207722 1 5.4303203 - 10°

Table 25: Parameters of South pole atmosphere for March9®l7, (MSIS-90-E).

| Layeri | Altitude i (km) | a; (g/cn?) | b; (g/cn?) | c; (cm)
1 0... 4 —163.331 1183.70 875221.
2 4...10 — 65.3713 1108.06 753213.
3 10... 40 0.402903 1424.02 545846.
4 40...100 —0.000479198 207.595 793043.
5 > 100 0.00188667 1 5.9787908 - 10?

Table 26: Parameters of South pole atmosphere for Jul. @%, M9S1S-90-E).

| Layer: | Altitude . (km) | a; (g/cn?) | b; (g/cn?) | ¢; (cm)
1 0... 4 —142.801 1177.19 861745.
2 4...10 —70.1538 1125.11 765925.
3 10... 40 1.14855 1304.77 581351.
4 40...100 —0.000910269 433.823 775155.
5 > 100 0.00152236 1 7.4095699 - 10?

Table 27: Parameters of South pole atmosphere for Oct. @7, M9S1S-90-E).
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| Layeri | Altitude  (km) | a; (g/cn?) | b; (g/cn?) | c; (cm) |
1 0... 4 —128.601 1139.99 861913.
2 4...10 — 39.5548 1073.82 744955.
3 10... 40 1.13088 1052.96 675928.
4 40...100 — 0.00264960 492.503 829627.
5 > 100 0.00192534 1 5.8587010 - 10°

Table 28: Parameters of South pole atmosphere for Dec. 3%, 8SIS-90-E).

| Layeri | Altitude . (km) | a; (glen?) | b; (g/cn?) | c; (cm)
1 0. ... 2.67 —113.139 1133.10 861730.
2 267... 5.33 — 79.0635 1101.20 826340.
3 533... 8.0 — 54.3888 1085.00 790950.
4 8.0 ...100.0 0.0000 1098.00 682800.
5 > 100.0 0.00421033 1 2.6798156 - 10?

Table 29: Parameters of South pole atmosphere for JanugurgriL

| Layeri | Altitude 2 (km) | a; (g/len?) | b, (g/cn?) | c; (cm)
1 0. ... 6.67 —59.0293 1079.00 764170.
2 6.67...13.33 —21.5794 1071.90 699910.
3 13.33... 20.0 — 7.14839 1182.00 635650.
4 20.0 ...100.0 0.0000 1647.10 551010.
5 > 100.0 0.000190175 1 59.329575 - 10°

Table 30: Parameters of South pole atmosphere for Augusafi).i
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Malarg e (Argentina)

| Layer: | Altitude i (km) | a; (g/en?) | b (glcn?) | ¢ (cm) |
1 0. ... 80 —150.247839 1198.5972 | 945766.30
2 8.0...18.1 — 6.66194377 1198.8796 | 681780.12
3 18.1... 345 0.94880452 1419.4152 | 620224.52
4 34.5...100.0 | 4.8966557223-10~* | 730.6380 | 728157.92
5 > 100.0 0.01128292 1 10?

Table 31: Parameters of the average Malargie (Argentimdgmnatmosphere I.

| Layer: | Altitude i (km) | a; (g/en?) | b (glcn?) | ¢ (cm) |
1 0. ... 83 —126.110950 1179.5010 | 939228.66
2 83...12.9 — 47.6124452 1172.4883 | 787969.34
3 12.9... 34.0 1.00758296 1437.4911 | 620008.53
4 34.0...100.0 | 5.1046180899-10~* | 761.3281 | 724585.33
5 > 100.0 0.01128292 1 109

Table 32: Parameters of the average Malargiie (Argentimdgmnatmosphere 1.

| Layeri | Altitude  (km) | a; (g/cn?) | b (glen?) | ¢ (cm) |
1 0. ... 59 —159.683519 1202.8804 | 977139.52
2 5.9...12.0 — 79.5570480 1148.6275 | 858087.01
3 12.0... 34.5 0.98914795 1432.0312 | 614451.60
4 34.5...100.0 | 4.87191289-10~4 696.42788 | 730875.73
5 > 100.0 0.01128292 1 10°

Table 33: Parameters of the average Malargue (Argentpra)gatmosphere.
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| Layeri | Altitude / (km) | a; (g/cn?) | b (glcn?) | ¢ (cm) |
1 0. ... 9.0 —136.562242 1175.3347 | 986169.72
2 9.0...14.6 —44.2165390 1180.3694 | 793171.45
3 14.6... 33.0 1.37778789 1614.5404 | 600120.97
4 33.0...100.0 | 5.06583365-107% | 755.56438 | 725247.87
5 > 100.0 0.01128292 1 107

Table 34: Parameters of the average Malargiie (Argenturajreer atmosphere.

| Layeri | Altitude  (km) | a; (g/cn) | b (glen?) | ¢ (cm) |
1 0. ... 8.0 —149.305029 1196.9290 | 985241.10
2 8.0...13.0 —59.771936 1173.2537 | 819245.00
3 13.0... 33.5 1.17357181 1502.1837 | 611220.86
4 33.5...100.0 | 5.03287179-10~* 750.89705 | 725797.06
5 > 100.0 0.01128292 1 10°

Table 35: Parameters of the average Malargue (Argentutajran atmosphere.

Keilhauer’'s U.S. standard atmosphere

| Layeri | Altitude /. (km) | a; (g/cn?) | b (glcn?) | ¢ (cm) |
1 0. ... 7.0 —149.801663 1183.6071 | 954248.34
2 70...114 — 57.932486 1143.0425 | 800005.34
3 114... 37.0 0.63631894 1322.9748 | 629568.93
4 37.0...100.0 | 4.35453690-10~* | 655.67307 | 737521.77
5 > 100.0 0.01128292 1 107

Table 36: Parameters of the U.S. standard atmosphere Kafteauer).
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