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Abstract

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

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

Zusammenfassung

Simulation ausgedehnter Luftschauer mit CORSIKA:
Eine Benutzeranleitung

CORSIKA ist ein Programm zur detaillierten Simulation vongedehnten Luftschauern, die

durch hochenergetische kosmische Strahlung adsgelerden. Die vorliegende Anleitung

erlautert die Installation des Programms, altigigen Eingabedateien, 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 Kalhe in Germany. This exper-
iment measured the elemental composition of the primargneosadiation in the energy range
3 x 10" to1 x 10'7 eV and after its upgrade to KASCADE-Grande [2] it reachetf eV. The
first version 1.0 of CORSIKA is dated from October 26, 1989. 8itiat version it has been
extended and improved continuously.

The CORSIKA program [3] allows to simulate interactions andays of nuclei, hadrons,
muons, electrons, and photons in the atmosphere up to esefyjsome 0?° eV. It gives type,
energy, location, direction and arrival times of all secanydoarticles that are created in an air
shower and pass a selected observation level.

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

The CORSIKA program consists basically of 4 parts. The first iga 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 inierescbf nuclei and hadrons with the
air nuclei at higher energies. The third part simulates #wrdnic interactions at lower energies
and the fourth part describes transport and interactionlesftrens, positrons, and photons.
CORSIKA contains several models for the latter three programspthat may be activated
optionally with varying precision of the simulation and samption of CPU time.

High-energy hadronic interactions may be treated by ondn@fmbodels: The simple Monte
Carlo generator HDPM [5] which is inspired by the Dual Partooddl (DPMJET [4]) and tries
to reproduce relevant kinematical distributions being soead, the quark-gluon-string model
QGSJETO1 [6], the mini-jet model SIBYLL [7, 8, 9], or VENUS [JLOAs a sixth alternative
there is added a link to theeEXus model [11], which combines algorithms of VENUS and
QGSJET with new ideas, based on H1 and Zeus data. The lastsmocleded are EPOS LHC
(v3400) [12] (based on theEXuUs framework but with important improvement concerning
hard interactions and nuclear and high density effect, akithg into account LHC data) and
QGSJET [1-04 [13] which has treatment of Pomeron-Pomertaraction at any order including
loop diagrams (and tuned to LHC). EPOS is the only model availbere reproducing heavy
ion data from RHIC and LHC.

The low-energy hadronic interactions are simulated adtiéraly with one of the codes: FLUKA
[14] which is a very refined model with many details of nucletiects, GHEISHA [15] that is
a well approved detector Monte Carlo program in the energpnegp to some hundred GeV,
or UrQMD [16] which describes microscopically the low ersig hadron-nucleus collisions.
For all models the hadronic interaction cross-sectionsghten and lower energies are adopted
according to the used model.

The interactions of electrons and photons can be treatbdreitith the adapted EGS4 code
[17] following each particle and its reactions explicitty; using the analytic NKG formulae
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[18] to obtain electron densities at selected locationsthadotal number of electrons at up to
10 observation levels.

Further on it is optionally possible to explicitly gener&@berenkov light in the atmosphere,
to handle electronic and muonic neutrinos and anti-neegrind to simulate showers with
flat incidence. Moreover the HERWIG [19] interaction rousngave been linked [20] with
CORSIKA to handle primary neutrinos.

To shorten the computing times for ultra-high energy shevadovel 016 eV the thin sampling
option exists, by which only a fraction of the secondary iphas is followed in the shower
development. A different approach to reduce the simuldiime solves numerically the cas-
cade equations for the different particle species. Thisagyh is best suited to determine the
longitudinal shower profile as measured by the fluorescexiesdopes of the Pierre Auger ob-
servatory [21] and is realized in the program CONEX [22, 23} tioked with CORSIKA. To
enable a full Monte Carlo simulation without thinning the lbof subshowers may be run in
parallel on a cluster of many CPU-slaves as recently realizdte PARALLEL option [24].
There exists as well a program version that is not suitedif@h@wer simulation but for testing
the hadronic interaction models.

A detailed description of the CORSIKA program frame, the useds:sections, the hadronic
interaction model HDPM, the electromagnetic interactiordels, and the particle decays has
been published in Ref. [3]. For details of the DPMJET, EP@SXuUs, QGSJET, SIBYLL,
VENUS, FLUKA, GHEISHA, UrQMD, and EGS4 programs see Refs24, 12, 11, 6, 13, 8,
10, 14, 15, 16, 17]. However, minor modifications were madiéése codes to adapt them for
simulation of extensive air showers. A comparison of theoues hadronic interaction models
Is given in Refs. [26, 27, 28].

Besides the explanation [3] of the physics implemented in CBRSthis CORSIKA GUIDE

is a supplementary description of the technical handlirdyramning of CORSIKA7.5700. It
contains information about the installation of the progréme required input data, file formats,
parameter settings, outputs, and other technical deftilis. CORSIKA GUIDE is an updated
version of Ref. [29].

Forcitation of CORSIKA in your publications you might use Ref. [3] which is available from
the CORSIKA www-page https://www.ikp.kit.edu/corsika/70.php

Please do not forget also to makeedference to the hadronic interaction modelswhlch you
used in your simulations. The correct references you finderbibliography (page 162) of this
CORSIKA GUIDE and (in4TpX format) in the file feferencesex’ (see directorgloc/ ).



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@partner.kit.ecu
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 addre8y these means new
users can be provided with news about the latest progranoweesror corrections, and updates.
Thus problems with outdated versions should be avoided.



2 Installation

2.1 Download

The CORSIKA code and the files belonging to it can be obtained the ftp-server of the IKP
ikp-ftp.ikp.kit.edu in the Karlsruhe Institute of Technology. The access toskiser
is protected by password. To fetch the program package twsilpibties exist:

e Either using an internet browser going to the URb://ikp-ftp.ikp.kit.edu
giving usernamecorsika and passwordfwhich you get by e-maiBnd change to the
appropriate subdirectory by clicking on:
corsika-v750
Finally you click on:
corsika-75700.tar.gz
to get the most recent version of corsika-75700.

¢ Alternatively you access this server without browser, [®img linux ftp-commands.
Assuming Iftp is installed on your client host (e.g. by thentnand:

sudo apt-get install Iftp )

you give the commands:

Iftp

Iftp : ~> set sslverify-certificate yes
Iftp : ~> set ssl-allow yes

Iftp : ~> open corsika@ikp-ftp.ikp.kit.edu

Password: (which you get by e-mail)

Iftp corsika@ikp-ftp.ikp.kit.edu: ~> dir

Now you change to the subdirectory corsika-v750 bydtieommand:

Iftp corsika@ikp-ftp.ikp.kit.edu: > cd corsika-v750

and transfer the package by thetcommand:

Iftp corsika@ikp-ftp.ikp.kit.edu:/corsika-v750 > get corsika-75700.tar.gz
To exit the Iftp give thequit command:.

Iftp corsika@ikp-ftp.ikp.kit.edu: > quit
N S———

* |If your download aborts often, it is possible that

* KIT-SCC intrusion detection has reset the connections
* because non secure transfers are no longer allowed
* in KIT. This leads to the message:

* connection reset by peer.

* Therefore we recommend to use Iftp.

*kkkkkkkkkkkkkkhhhhhhkkkkkkkhhhhhhhkkkkrkkhhhhhrrikxkxx *kkkk



Additional information you find on the CORSIKA Downloads welgpahttps://www.ikp.kit.
edu/corsika/79.php .

For faster transmission we have compressedcthsika-75700.tafile. Before using this file
first you have to decompress it by applying the 'gunzip’ prhoe.

The files belonging to FLUKA are collected in an object fileréity. This library and the
necessary data files are distributed by the FLUKA orgaromator different computers and
compiler versions. You find further details on the web padétp://www.fluka.org/ .
The files belonging to the HERWIG cotlmay be downloaded from the web page if you wanted
a more recent version:

http://www.hep.phy.cam.ac.uk/theory/webber/Herwig/

2.2 CORSIKA Files

The CORSIKA 7.5700 set is distributed as a gzipped .tar file isting of several files and
directories:

¢ afile READMEgiving these short instructions how to proceed,

e an executable shell script fillcoconutto be used to install CORSIKA,

¢ afile AUTHORSgiving the names of authors,

¢ afile COPYINGgiving copyright instructions,

¢ afile ChangeLogiving the CORSIKA history,

¢ afileINSTALLgiving detailed instructions how to useoconutto install CORSIKA,
e afile NEWSgiving latest news about CORSIKA,

e a filecDO_NOT_.RUN.CONFIGUREto remind users not to use
Jconfigure but ./coconut instead,

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

¢ a subdirectorybaack/ containing different modules developed by D. Baatk cus-
tomize the simulation for specific experiments.

2Versionherwig6521 is currently used.
3https://tu-dortmund.de/



e a subdirectorybernlohr/ containing 'bernlohr’ packade It is a set ofC-routines
for Imaging Atmospheric Cherenkov Telescopes (IACT) and & af external atmo-
spheric profiles in the ATMEXT option; several atmosphermfjesatmprof.dat  are
included together with various auxiliary files. This packag provided by K. Berrhr.

e a subdirectorycoast/ in which the COAST interface packdyis included. COAST is
the basis for the COASTUSERLIB, COREAS, INCLINED, and ROOTOUT apsiand
other useful tools available itoast/CorsikaOptions

e a subdirectoryconex/ containing the routines and data sets for the CONEX program
(version 4.5000) to treat the essential part of the showezldpment by solving numeri-
cally the cascade equations to describe the developmeimé efrious particle species.

e a subdirectoryloc/ containing:

— afile CORSIKAPHY SICSodf containing the physics description of CORSIKA (Re-
port FZKA 6019),
a file CORSIKAGUIDE7.5700pdf giving this User’s Guide,

a file re ferences.tex giving the actual references to CORSIKA and the hadronic
interaction models ifIpX format (to be used in your publications),

— afileMPI-RunnerGUIDE.pdf giving a description how to run CORSIKA on multi-
core computers in parallel using Message Passing Inte(ffidee),

— a file MPI-RunnerPHY SICSpdf explains how algorithmically and scientificaly the
parallel CORSIKA runs using Message Pasing Interface (MRl paganized,

e an empty subdirectorgipmijet/  which will contain the source files of the future DPM-
JET Il model,

e asubdirectorepos/ containing the source package for the EPOS nigdel

¢ a subdirectornyherwig/  for installation of HERWIG and containing &READMEfile
inside,

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

“bernlohr-1.50tar.gz is automatically extracted if needed.
Shttps://iwww.mpi-hd.mpg.de/hfm/"bernlohr/iact-atmo/

Ssee https:/iweb.ikp.kit.edu/rulrich/coast.html
“epos-lhc-v3400_cors.tar.gz is automatically extracted if needed.
8Versionherwig6521 is already included here.



e a subdirectorynexus/ containing the source package of theXus mode?,

e asubdirectorpythia/  containing the modified and extended PYTHIA 6.411 package
and aREADME.corsikdile inside,

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

— 14 data sets containing the energy dependent cross-sefairarucleon-nucleus pro-
cessesNUCNUCCS, for electromagnetic interactions (6 s&&SDAT6x.x), for
QGSJET01 QGSDAT01and SECTNUY), for QGSJET-II gectnu-11-04and gqgsdat-
[1-04), numerical data to be used by the VENUS routiné&NJUSDAY, cross-
section table for UrQMD WrQMD-(VER-xsdat), and for the DPMJET routines
the Glauber tableg(aubintglb, glaubtar.glb) and the data tablelgmCT14L L.pds
anddpmjpar.dat

— 8 input examplesll-inputs*, conex-3D-inputsandparallel-inputsto steer the sim-
ulation with any model (with/without THIN, with STACKIN, wit EPOS, with
NEXUS, with CONEX, or with PARALLEL),

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

— the gr3.txt data set to give the angular dependent parameters of the GRARE
periment for the RIGIDITY option,

— the executable binary files of CORSIKA and of utility progranfteiacompilation.
e a subdirectorrc/ containing:

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

— 5 separate files with puredRTRAN code of the GHEISHA, QGSJET01d, QGSJET-
[1-04, SIBYLL2.3, and VENUS routinesjl.cisha_2002d.f, qgsjetO1d.f, ggsjet-
11-04.1, sibyll2.3.f, andvenus.f),

— a separate file with the puf@-code of the EFIELD optione{ field.c),
— 3 specialC-routines needed for compilationfuerc.c, tobu f.c, andtrap f pe.c),

— a subsubdirectorparallel/ containing the shell scripts ar@programs to run
CORSIKA distributed on many CPUs in parallel. This directorgoahouses the
userguide-pll- * txt files which describe the parallel handling of CORSIKA

Inexus3.97_cors.tar.gz is automatically extracted if needed.
Opythia.tar.gz is automatically extracted if needed.
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on various CPU-clusters using these shell scripts and savre®RAN programs to
handle the results of a parallel simulation.

— a subsubdirectorgreshower2.0-rev/ containing theC-programs for produc-
tion of y-induced preshowers before reaching the top of atmosphperai(w.c,
utils.c,utils.h,veto.c, andveto.h),

— a subsubdirectorytils/  containing utility programs:
*x a FORTRAN routinecors2input.f to reestablish the used input from the binary
particle output file,
+ aC*t*-routine to read the binary particle output fite(sikaread.cpp),

x 3 FORTRAN routines to read the binary particle output filesr{sikaread.f,
corsikaread_history.f, andcorsikaread_thin.f),

x a FORTRAN routinecorsplitevts.f to split a large particle output file containing
several CORSIKA events into files containing single eventh eac

x aC-routinemap2png.c to visualize the shower plots established with the option
PLOTSH2,

*x a FORTRAN routine modelprint.f which displays the used high-energy and
low-energy models from the binary particle output file,

*x a FORTRAN routine plottracks3c.f and its include filework.inc to visualize
shower plots established with the option PLOTSH,

*x a FORTRAN routinereadcsk2asci.f converting a binary particle output file to a
(readable) ASCII file,

* a FORTRAN routinereadtimes.f to sum up the CPU times of several .Ist files
(useful at parallel runs),

*x two FORTRAN routinesshowsimprods.f and showsimulist.f to establish a
tabular of several simulations giving characteristic ealwf each simulation
(primary-id, energy, angles of incidence, ... ) from theapjnparticle output
files,

x a FORTRAN routine sumlistnkgin fo.f to sum up the NKG-output of .Ist files
to get XMAX averaged over the used showers,

* a FORTRAN routine sumlongi files.f to sum up the content of several .longi
files (also in case of parallel simulations),

« several other shell scripts and data handling programs#i the CORSIKA
output files.

¢ asubdirectoryirgmd/ containing the source package of the UrQMD métdel

Hurgmdl.3_cors.tar.gz is automatically extracted if needed.
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2.3 Program File Preparation

By unpacking theorsika-75700.tafile with the command
tar xvf  corsika-75700.tar
the file structure of CORSIKA will be established. To install CORS you type

Icoconut

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

The main source file igorsika.F with all common blocks imorsika.h. It's a FORTRAN source
file with someC-preprocessor commands which allows optional compilatibsome part of
the code. It uses standafdakefile and compiler options, and therefore doesn’'t require any
special software to be installed on your machineUsing the shell scripycoconut the user
can interactively select the specific CORSIKA version for lpplecation and compile it to get
directly ready-to-run executable binary files in than/ subdirectory. Computer dependent
options andM akefiles are prepared automatically by the shell script figure called by
Jcoconut Thecon figure is a standard portable shell script used together midlke by GNU-
packages to be installed, huin figure shouldNOT be used directly to get a proper installation
of CORSIKA. The./coconutshell script has been designed to get a "user friendly” nrechi
dependent installation, so that binary files can be compiigaarallel from the same source
directory but on different systeri¥s(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_compilefile.f as before, you can optionally save
this file during the installation process to compile it yaaifs

If you extract executable binary files with different congpd which produce obiject files and
libraries which are not compatible with each other (e.g.7’gahd 'gfortran’) then it is recom-
mended to call

.Icoconut -d

between the extractions to erase all established librégesSect. 11 page 136).
The./coconutscript checks for all options if they can be used on your caempso comments
appearing during the installation should be read carefully

2.3.1 Options

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

EPOSselects the EPOS LHC (v3400) routines for the simulatiorigti Bnergy hadron-nucleus
and nucleus-nucleus collisions. Also the EPOS crossesectire selected.

12 shell terminal, &C-compiler and a BRTRAN compiler are included in any UNIX based system.
131n principle, any system could be used, but only LINUX, MacXQ®ec OSF, SunOS, AIX have been tested.
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NEXUS selects theleXus 3.97 routines for the simulation of high energy hadron-ausland
nucleus-nucleus collisions. Also theEXUus 3.97 cross-sections are selected.

QGSJET selects QGSJETO01d routines for the simulation of high gnbeglron-nucleus and
nucleus-nucleus collisions. Also the QGSJETO01d crossesecare selected.

QGSII selects QGSJET-II-04 routines for the simulation of higiergy hadron-nucleus and
nucleus-nucleus collisions. Also the QGSJET-1I-04 cresstions are selected.

SIBYLL selects SIBYLL 2.3 routines for the simulation of high-enelgdron-nucleus and
nucleus-nucleus collisions. Also the SIBYLL cross-seciare selected.

VENUS selects VENUS routines for the simulation of high-energygrba-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.

GHEISHA selects the GHEISHA 2002d routines for the simulation of-kEwergy 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-eusl
collisions. Always the appropriate UrQMD cross-sectioresased. This option may be com-
bined with all high energy interaction models.

Thedefault setting obtained without specifying any option is QGSJEF.|I6w-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 groursdt(s usually performed for the showers
simulated at Lyon for the Auger experiment). This optiondsethe THIN option and linking
with the CERN library® to get the routines of the HBOOK and ZEBRA packages [30].

ATMEXT selects code for treatment of the atmosphere according to MRAN model for var-
lous atmospheres by tabulated values. ATMEXT is recomnmendth the CERENKOV option
for careful treatment of refractive index. This option lnwith (compiled)atmac, fileopenc,

14 As there exist several FLUKA libraries suited for differe@®U/compiler versions (Linux 32-bit and Linux
64-bit for gfortran>4.5), you should select the FLUKA library fitting with yoursitallation.
15The CERN library is only available for 32bit computers.
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andstrauxc routines of the 'bernlohr’ package.

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

AUGERHIST selects code to generate a histogramditennnnnn.lhbook, containing vari-
ous histograms of different particle types at up to 20 val@mospheric depths to follow the
development of shower properties, which are of interestiferAuger experiment (Cherenkov
and fluorescence photon production). This option needskhll ¥ AUGERINFO options and
linking with the CERN library® to get the routines of the HBOOK and ZEBRA packages [30].

AUGERHIT defines already during the simulation whether the partiatesing the observa-
tion level will hit an Auger detector station. Only those tiedes are written to output, thus
saving a lot of disk space for the particle output file.

AUGERINFO selects code which writes a file nam&dATnnnnnn.info instead of DAT-
nnnnnn.dbase file.

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

CERENKOV selects code for additional generation of Cherenkov lighteéds the simulation
with EGSA4.

CERWLEN selects Cherenkov code including the wavelength dependewmtrgtion of Cher-
enkov photons and respects their wavelength dependeactiefn of the atmosphere. This
option is only available in connection with the CERENKQOV optio

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

COASTUSERLIB activates the use of a COAST user library (libCOAST.so) whiab to be
compiled separately and the parent directory of which messgecified in the environment
variable3COASTUSERLIB . For this optiorroot needs to be installed on your system.

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

CONEX selects code to solve numerically the cascade equatiothwbscribe the shower de-
velopment after the very first interactions. This gives aorereous speed-up of the simulation
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especially at primary energies abou@” eV. This option works only in connection with the
high-energy hadronic interaction models EPOS, QGSJET,IQGISSIBYLL in combination
with all three low-energy interaction models. The CONEX optis only available in connec-
tion with the CURVED + SLANT + THIN + UPWARD options.

COREAS activates the direct calculation of radio emission fromeasive air showers on the
basis of the "endpoint formalism”. The enclosed COAST paekagised to provide the inter-
facing with the radio emission code. Please refer to theragp&oREAS-manual (available
after compiling with the COREAS option switched on) for funtidetails.

CURVED selects special code to treat showers with large zenithreaigt < 6 < 90°.

DYNSTACK replaces the default storage for all intermediate pagisligh a customizable stor-
age structure. This option links with the compilBdfNSTACKcode in the 'baack’ directory.

EFIELD selects special code to take into account the atmospheutriehl fields on the trans-
port of charged patrticles.

EHISTORY selects additional code to bring (in combination with the MRDI, NUADDI, or
EMADDI keyword) additional information on the muon, neatj and/or electron and photon
histories to the particle output file.

IACT selects code for simulation dimagingAtmosphericCherenkovT elescope arrays. This
option is only available in connection with the CERENKOQOV optiand links with (compiled)
lact.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 CEREN + IACT option.

ICECUBEL suppresses uninteresting (low energy) portions of a shametfooks only for such
portions which are able to produce neutrinos interestinghfe IceCube experiment.

ICECUBE2 enables options to write the output to a pipe buffer (to bel aseline by a detector
simulation program) and/or to write the output as a gzip a@sged output file.

INCLINED enables the output of ground particles on an inclined plamgch can be user-
defined by the INCLIN keywork. ThénclinedPlane routines used by this option are
provided by the enclosed COAST package.

INTCLONG selects the longitudinal distribution of Cherenkov photoni®ngitudinally inte-
grated form. (The default gives the generation of photteg/so-called differential longitudi-
nal distribution.) INTCLONG excludes the NOCLONG option. $loiption is only available in
connection with the CERENKOV or AUGCERLONG option.
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INTTEST selects special features for the test of the interactionaisagheeds routines of the
HBOOK and ZEBRA packages [30]). This option is not suited foeesive air shower simu-
lation.

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

MULTITHIN selects code which gives the particle’s weights for up tdf@iint THIN modes
of an unthinned shower. It activates automatically the Lefiéet.

MUONHIST selects code to generate a histogramdiénnnnnn.lhbook for the analysis of
muon properties of showers. This option needs linking wih@ERN library® to get the rou-
tines of the HBOOK and ZEBRA packages [30].

MUPROD selects additional code to bring (in combination with the MRDI keyword) infor-
mation to the particle output file on those muons which decanteract before reaching the
observation level. A combination with the EHISTORY optigrécommended.

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

NOCLONG deselects the longitudinal Cherenkov photon distributiN@CLONG excludes
the INTCLONG option. This option is only available in conneatwith the CERENKQOV or
AUGCERLONG option.

NUPRIM selects the HERWIG code to treat the first interaction of a @rynmeutrino.

PARALLEL selects code for calculation of a shower distributed on ntamgs in parallel us-
ing a set of shell scripts. As this selection is used at uit@h energies without thinning, it
activates the LPM-effect.

PARALLELIB selects code for calculation of a shower distributed on ntamgs in parallel
with MPI (Message Passing Interface). This option is onlgilable in connection with the
PARALLEL option.

PLOTSH selects code which enables plotting the tracks of the @ewzgnetic, muonic, and
hadronic particles to demonstrate the development of aahoptically.

PLOTSH2 selects code which enables plotting the tracks of the @e@gnetic, muonic, and
hadronic particles to demonstrate the development of ashoptically, avoiding the large out-

16The CERN library is only available for 32bit computers.
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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.

REMOTECONTROL selects routines to activate a network layer to send and/eegessages
over ethernet. This allows to control the simulation and tmitor the simulation progress. This
option links with the compiledemotecontrol code in the 'baack’ directory.

RIGIDITY rejects low-energy primary particles dependent on thedemte angle and Earth
magnetic field which will not produce a shower.

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

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

STACKIN selects code to read in the parameters (type, energy, majafrgecondary parti-
cles resulting from the interaction of an exotic primary (WRMwvhich has been treated off-line
by a separate program.

TAULEP selects code for the explicite treatment of théepton rsp. the-neutrinos (in con-
nection with the NEUTRINO or NUPRIM option). TAULEP excludéetCHARM option.

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

TRAJECT selects the zenith and azimuth angles in a manner that a (ga@mneutrino) source
is followed along its trajectory in the sky.

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

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

VOLUMECORR selects the angular dependence of the zenith angle disbmlas it is needed
for a vertical long string detector e.g. AMANDA or ICECUBE (sexge 62). (The default takes
the zenith angle distribution as observed by a horizontati#téector.)

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

The major part of the program is machine independent duestcettriction to BRTRAN stan-
dards. Nevertheless, there are a few points where commpeeifis adaptations were necessatry.
There are prepared options for PCs and work stations runmdgrdJNIX (also LINUX) and
for Apple Macintosh computers. The versions are automitiCaactivated for the following
options:

UNIX selects code for calculation on UNIX systems including \g#ives like LINUX (e.g.
DEC-station under ULTRIX, ALPHA-station under DEC-UNIX [Trdp®.

MAC selects code for calculation on a former 68k-APPLE Macimtos

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

#if _ flag__
#else

#endif

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

In the src/  subdirectory, theorsika.F file contains some explanations, the main program
with more than 330 subroutines and functions, the EGS4 nesitithe NKG routines, the
HDPM model routines, the interface routines to FLUKA, GHEI§ UrQMD, DPMJET, EPOS

TThanks tocon figure, ./coconutchecks your machine configuration and sets the proper aption

18Some UNIX machines (HP, IBM RS6000, and installations withlGg77 compiler [e.g. LINUX]) need the
record length parameter RECL (used in the OPEN statemenhéoexternal stack MEXST) in bytes instead of
4-byte words. This holds also for DEC-UNIX running the f77#rqaler with the option ’-assume bytrecl’. For
easy adaptation the additional preprocessor-o6MERECL is available to enlarge the RECL-parameter by a
factor 4.

Most UNIX systems offer a system routiikate 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 KiNldtforms (IN2P3
Computing Center at Lyon) or HP-UX machines (with the +Eli@pbf the fort77 compiler). This selection is
attainable only by giving./coconut -&(expert mode of coconut).

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

If necessary you might select the optioflMERC 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 nodpted to your system. They are attainable by calling
"./coconut -&(expert mode of coconut).
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NEXUS, QGSJET, SIBYLL, and VENUS, the interface routines to CONE¢, $pecial routines
for Cherenkov light generation, the routines for generatibAuger-oriented histograms, and
the interaction test routines. It is about 80600 lines o corsika.h file (length about 5300
lines) contains the general common blocks with their exagians. These common blocks are
included into the source file during preprocessing.

TheC-file timerc.c contains a 'date and time’ routitienercfor those UNIX or LINUX systems
where the more moderdate and.time system routine is not available. Ti&file tobuf.c
contains a routine to write out the particle data file indejgem of the structure (32 bit rsp.
64 bit) of the used host. The subsubdirectsrg/preshower2.0-rev/ contains theC-
routinespreshw.c, utils.c, utils.h, veto.c, andveto.h.

The gheisha_2002d.f, qgsjet-11-04.f, qgsjet01d.f, sibyll2.3.f, andvenus.f routines are about
18200, 17700, 7500, 23300, and 18000 lines long, respéctive

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

The 24 EPOS program files with the 6 include files and the 7 detadre collected within the
epos-lhc-v340@ors.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 CONEX program and data files are collected within the cehBR00.tar.g? file in the
conex/ subdirectory.

The load modules of the FLUKA 2011 library routines and thedesl FLUKA commons and
data files may be downloaded (after being authorized) framofficial FLUKA web page
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. Ferraki

The HERWIG routine®¥ needed for the NUPRIM version may be updated from
http://www.hep.phy.cam.ac.uk/theory/webber/Herwig/ and adapted accord-
ing to the README file in thenerwig/  subdirectory (see Sect. A.1 page 142).

2.3.2 Example of Program Installation

As an example, if you have the fitmrsika-7570Gar.gz in the current directory, the installation
on a LINUX system will look like (commands you are giving arederlined):

> tar -zxf corsika-75700.tar.gz

> cd corsika-75700/

> ./coconut

19 Automatically unpacked if selected.

20Assumingcsh shell one usessetenv FLUPRO flukadirectory For bash/sh shells you giveexport
FLUPRO4ukadirectory

21 <alfredo.ferrari@cern.ch or <alfredo.ferrari@mi.infn.it-.

22\ersionherwig6521 is currently used.
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Welcome to COCONUT (v3.1)
-- the CORSIKA CONfiguration UTility --

create an executable of a specific CORSIKA version

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]")

|
|
|
|
|
|
|
| Please read the documentation for a detailed description
|
|
I
|
|
|
|
i

* WARNING : File ¢ompilefile.f found in src/ !

* This temporary file is renamed "compilefile.f.bak"

* to prevenrt conflict with the following insatallation...

* INFO:

* You are using the cached configuration from "include/confi g.h".
* To turn off this you may use the --no-cache option.

Compile in 32 or 64bit mode ?
1 - Force 32bit mode
2 - Use compiler default (-m64’ on a 64bit machine) [CACHED]

r - restart (reset all options)

X - exit make

(only one choice possible):
SELECTED : NOM32

Which high energy hadronic interaction model do you want to u se ?
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- Not yet available

- EPOS LHC

- NEXUS 3.97

- QGSJET 01D (enlarged commons) [CACHED]
- QGSJETII-04

- SIBYLL 2.3

- VENUS 4.12

N o o b~ WN P

r - restart make

X - exit make

(only one choice possible)
4
SELECTED: QGSJETO1

Answer the questions to select the options you want to use in B@RSee Sect. 2.3.1 page 9
and Sect. 3 page 28 for details). Press "Enter” to select thgans marked by [CACHED]".
After each question, you can choose to restart the instafiadt the first question ("r”) or to
stop now ("x”).

If an option needs some other files, the installation progvetitest if they exist. If a problem
occurs?, the installation program will suggest the solution. Juslofe what is written.

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 wartb see the code used to com-

23The bernlohr, epos, nexus, and urgmd packages will be atitatiaunpacked in their subdirectories.
24Trying to use the CERN library when not installed for instanc
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pile your CORSIKA program, you can answer "k”, but this is not dee by the automatic
compilation. Finally the installation program creates per Makefiles and then runamake
install to compile your CORSIKA program. Select "n” only if you want todifipthe source
code before compiling or if you want to use your former ingt#din tools, you prepared for an
older version of CORSIKA using a "compilefile.f”. This optionlivgreprocess the source
code, save it in subdirectorc/ as "corsika” followed by the version number "75700”, an
underscore with the selected high energy hadronic intesaathodel® and an underscore with
the selected low energy hadronic interaction médéind an optional "int” if you select the
"INTTEST” option), and create thé/ake files. But it will not runmake. See Sect. 11 (page
136) for more details.

SELECTED . COMPILE
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)... yes

checking for pgf77... no

checking for ifc... no

checking for ifort... no

checking for g77... @77

checking whether the Fortran 77 compiler works... yes

checking for Fortran 77 compiler default output file name.. . a.out
checking for suffix of executables...

checking whether we are cross compiling... no

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

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 conex/Makefile

2EPOS, NEXUS, QGSJET, QGSII, SIBYLL, or VENUS.
26fluka, gheisha, or urgmd.
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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

config.status:  executing libtool commands

configure: Optional packages not found or deactivated on th is system: FLUKA COAST ROOT PYTHIA

Compile CORSIKA in ".././[./lib/lLinux" and copy executab le in "./././run"

Making install in src
make[1]: Entering directory ‘../../[../src’

cc -E corsika.F -DHAVE _CONFIGH -l../include -traditional-cpp -0 corsikacompilefile.f

g77 -O0 -g -fbounds-check -c -0 corsika-corsikacompilefil e.0 ‘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 -o 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 -0 corsika-qgsjet01d.o ‘test - f 'ggsjet0ld.f || echo
".I"qgsjet01d.f

g77 -O0 -g -fbounds-check -c -0 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-qgsjet01d.o corsika-gheisha -2002d.0 -L/../../lib/Linux

mkdir .libs

g77 -g -fbounds-check -o corsika corsika-corsikacompilef ile.o trapfpe.o corsika-gqgsjet01ld.o

corsika-gheisha _2002d.0 -L/../../lib/Linux
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 /ust/bin/install -c ‘c orsika’ ‘../../..Irun/corsika’
Jusr/bin/install -c corsika ../../../run/corsika

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

20



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

make[1l]: Leaving directory ‘../..[../srC’

Making install in .

make[1]: Entering directory ‘../..[..

make[2]: Entering directory ‘./..[..

make install-exec-hook

make[3]: Entering directory ‘../.[..

--> "corsika75700Linux _QGSJETgheisha" successfully installed in :

run/

--> You can run CORSIKA in run/ using for instance :
Jcorsika75700Linux _QGSJETgheisha < all-inputs > output.Ist

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

make[1l]: Leaving directory ‘..[.[..

Now the installation is finished. As written, an executalteby file is copied into theun/
subdirectory where all data files are placed. The name offiteiss composed by "corsika”
followed by the version number "75700”, the system name @by theuname UNIX com-
mand, an underscore with the selected high energy hadmeiaction modél and an under-
score with the selected low energy hadronic interactionetivdand an optional ’int” if you
select the "INTTEST” option or an optional¢onex” if you selected the "CONEX” option). As
a consequence, you can select different model combinatiorfferent systems without any
conflict?,

2THDPM, EPOS, NEXUS, QGSJET, QGSII, SIBYLL, or VENUS.

28fluka, gheisha, or urgmd.

29In 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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2.4

24.1

Data Files

Input Files

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

The Glauber tables to derive nucleon-nucleus and nuclaakeums cross-sections from
hadron-nucleon cross-sections are listed in NIeCNUCCSwhich is 2873 lines long.
They are read via logical unit NUCNUC (NUCleus-NUClIeus intéiats, by default 11).

The cross-sections and branching ratios for the EGS4 memtine contained in the data
files EGSDAT6x.x with a length of 3021 lines each. These files differ in thedst ki-
netic energy to be followed within a range betweeNeV (x.x = 3.) and50 keV (x.x
=.05). Only one of the sets is selected by the program andemed to the logical unit
KMPI (by default 12) in a manner appropriate to the lowestrgyef em-particles spec-
ified by the user. As the muon nuclear interactions use thiénesito treat photonuclear
interactions, always aBGSDATG6x.x file must be read in.

The DPMJET routineD PM JIN in corsika.F needs the Glauber tables nanggaub-
tar.glb (rsp.glaubintglb for the interaction test). The Glauber tables are reathiunit 9.
Additionally some parameterized data contained withindag filesdpmCT14LL.pds
anddpmjpar.dat are read in by the coupled PHOJET routines via logicis drrsp. 12.

The EPOS routines get user-specified parameters from eaclsditg via logical unit
EPOPRM (by default 97) and need some parameterized dataroehtaithin the data
files epos.inics.Ihc,epos.iniev, epos.inilb, epos.inirj.lhc andepos.initl. If the latter files
are not existent or do not fit with the user-specified pararagtieey are established in a
time consuming procedure (sorm@) h on a DEC 3000/600 AXP with75 MHz).

The NEXUS routines get user-specified parameters from a scratch aldogical unit
NEXPRM (by default 97) and need some parameterized datainedtavithin the data
files nexus.inics, nexus.iniev, nexus.inirj, and nexus.initl. If the latter files are not
existent or do not fit with the user-specified parameters; #re established in a time
consuming procedure (someé0 h on a DEC 3000/600 AXP with75 MHz).

The more recent QGSJET-11-04 routines need some paramedaitata contained within
the data filegygsdat-II-0O4and sectnu-11-04 (The QGSJETO01d routines need some pa-
rameterized data contained within the data IIEBSSDATO01land SECTNU). These data
files are written and read via logical units 1 andA2tention: The ggsdat-lI-O4file has

a size ofx~ 250 MB.

The STACKIN option needs the parameters (type, energy, mtapen the secondary
particles coming from the interaction of an exotic primamaiseparate file. Its file name
is specified by the keyword INFILE (page 69). The first line loé ffile contains (for-
mat free after a leading blank) the number of secondariestengrimary energy (GeV).
The following lines contain the current particle numbee tharticle 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 66) and PHIP (page 67).
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e The VENUS option reads the fikENUSDATwhich contains parameterized structure
function integrals and is 2051 lines long. The file is readl@gacal 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 librdty

e The URQMD option looks for the existence of ttablesdat decay width file. If this file
exists, itis read in, otherwise the decay width tables al@utzted 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 abiginning ofatmac and in
the documentation supplied with the 'bernlohr’ package.

e The CEFFIC option reads the atmospheric absorption tip@bsdat, photomultiplier
guantum efficiency tablquanteffdat and/or mirror reflectivity tablmirreff.dat via log-
ical units MCERABS (by default 20), MCERQEF (by default 21), and MRBAR (by
default 22) respectively.

e The CONEX routin€ConexInitreads the steering commands for the CONEX calculations
from theconexHIGHMODEL lowmodel.paraniile via the logical unit INLUN (by de-
fault 38). Thisfile is copied from the appropriatenexHIGHMODEL lowmodel.paramin
file contained within theonex/ subdirectory. These steering commands give the files
with the parameters for the calculations of the cascadetieqsa

e The RIGIDITY optione reads ther3.txt data file which contains the zenith and azimuth
dependent rejection values (GRAPES-3 experiment).

¢ Besides these data files CORSIKA needs the input of steeringdtegvto select the sub-
ject and the parameters of the simulation. They have to bgliedy the user. They are
read via logical unit MONIIN (MONItor INput, by default 5). e format of the steering
keywords and their effect is described in detail in Sect. &gf64 ff.). Examples are
given on page 111 and in the file "inputs’.

All these files are placed in threin/ subdirectory, where the program can be executed. Using
the DATDIR keyword (see page 95) the data input files may begolan an arbitrary directory
(with exception of FLUKA data files and the steering input filieh the keywords).

30Assumingcsh shell one usessetenv FLUPRO flukadirectory For bash/sh shells you giveexport
FLUPRO4ukadirectory
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Logical units for in- and output

Unit name default| 1/0 | File name and file
MONIIN 5| 1 | input steering keywords
MONIOU 6 | O | simulation control output on line printer
MDEBUG 6 | O | debug outputif DEBUG it selected
NUCNUC 11| |1 NUCNUCCS, nucleus-nucleus cross-sections
MPATAP 90 | O | DATnnnnnn, particle output and simulation results
MEXST 96 | /0O | external particle stack, scratch file
1| | | dpmCT14LL.pds, data table for DPMJET

I stgmapi.bin, table for FLUKA

/0O | epos.inics.lhc, various tables for EPOS
I/O | epos.iniev, various tables for EPOS

/0O | epos.inilb, various tables for EPOS
I/O | epos.inirj.lhc, various tables for EPOS
epos.initl, various tables for EPOS

/O | nexus.inics, various tables fanEXus
I/O | nexus.iniev, various tables foREXUS
I/O | nexus.inirj, various tables foNEXUS
/O | nexus.initl, various tables foNEXUS
/0 | qgsdat-11-04(rsp. QGSDATOQ}, various tables for
qgsjet-11-04 (rsp. QGSJETO01d)

PRRPRPRRPRRRERRRER
=
O]

2 | I/O | sectnu-11-04(rsp. SECTNU), nucleus-nucleus cross-sections
for qgsjet-11-04 (rsp. QGSJET01d)
LDAT 9| | | glaubtar.glb (rsp.glaubint.glb), Glauber tables for DPMJET
LUNOUT 11| O | flukall.outcontrol output of FLUKA
KMPI 12| | EGSDATG6x.X, EGS4 cross-sections
12 | | | dpmjpardat, data tables for DPMJET
14| | | VENUSDAT structure function integrals for VENUS
14 | |1 nuclearbin, nuclear data for FLUKA
LUNERR 15| O | flukal5.err error output 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 | | | mirreff.dat for mirror reflectivity of Cherenkov light
(CEFFIC option)
LSTCK 23| | | STACKIN input data file
LSTCK2 24 | O | output data file of particles from first interaction
ifcx & ifch 31| O | EPOS omEXus check file (not opened)
ifhi 35| O | EPOS omEXus histo file (not opened)
INLUN 38| | | conex_HMODEIlmModel .param steering parameters for CONEX
MDBASE 45| O | DATnnnnnn.dbase (rspD ATnnnnnn.info), run
summary file for use in an air shower library
MTABOUT 46 | O | DATnnnnnn.tab, table output of, e*, andu™

MLONGOUT 48 | O | DATnnnnnn.long, output of longitudinal particle
numbers and energy deposit

Table 1: Logical units for in- and output with default valwes file names (to be continued).
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Logical units for in- and output (continued)

Unit name| default| I/O | File name and file

ifdt 51| O | EPOS omEXuUs data file (not opened)

ifcp 52| O | EPOS omEeXus copy file (not opened)

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 | /0O | (tablesdat) decay widths tables for UrQMD
76 | 1/0 | (UrQMD-(VER-xsdat) total cross-section table for UrQMD
88 | O | histogram output file for ANAHIST/AUGERHIST/MUONHIST vers.

MCETAP 91| O | CERnnnnnn, Cherenkov photon output

MPACUT 92 | I/O | cut parameters infout for PARALLEL version

MPAINP 93| | | steering file for PARALLEL version

MPAJOB 94 | O | parameter output for PARALLEL version

MEXSTJ 95 | I/O | stack in/out for PARALLEL version

NEXPRM 97 | I/O0 | EPOS omEXUS parameters, scratch file
99 | | | parameter table input for RIGIDITY option

D

Table 1: (continued) Logical units for in- and output witlethdefault values and file names.

2.4.2 Output Files

There are several streams of CORSIKA output:

e One is control information about the simulation run its&His (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®16nitor for DEBUGQgIing,
by default 6). Further details on this file are given in Seftlipage 118).

e The second output stream contains the information abot@lparticles that reach the
observation level. It gets the file namP ATnnnnnn’ and is written onto the output
directory DSN (keyword DIRECT page 94) via output unit MPATARA(ticle TAPe, by
default 90) as a 'sequential’ 'unformatteddRTRAN file®2. nnnnnn is the run number
specified in the keyword RUNNR (page 64). This output may lmpeessed (see key-
word DIRECT and keyword PAROUT, page 94). Further details @nftle are given in
Sect. 10.2 (page 120).

31Renaming this output taD ATnnnnnn.Ist’ and redirecting it to the directory specified by the weyd DI-
RECT is convenient as by the shell commands 'dir’ or ’ls -I'fdés belonging to one run are displayed consecu-
tively which facilitates book-keeping.

32To read this data set theoRTRAN programscorsikareadf, corsikareadhistory.f rsp. corsikareadthin.f avail-
able in thesrc/utils/

subsubdirectory may be used.
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For the INCLINED option with an inclined observation plane iadry data output is
written to the file namedD AT nnnnnn.inclined’. The format is identical to the normal
binary output data, besides the fact that all coordinategiaen within the inclined plane,
with the origin at the intersection of the shower axis with thclined observation plane.
The keyword INCLIN explained in Sec. 4.66 (page 90) is usecptrdy the geometry
of the inclined sampling plane. Further details on the oufpi@ format are given in
Sect. 10.3 (page 131).

Optionally (steered by keyword OUTFILE page 70) afile is tentout via the logical unit
LSTCK2 (by default 24) containing the parameters of the séapnparticles emerging
from the first interaction of a hadronic primary. This file mag/ used later in a run with
the STACKIN option (see Sect. 3.5.33 page 57) to maintain tBeifiteraction even for
different random number seeds.

Optionally a table of the number of the binned, ¢* andu* particles might be written
out to the file D ATnnnnnn.tab’ onto the output directory DSN (keyword DIRECT page
94) via output unit MTABOUT (TABIe OUTput, by default 46)nnnnnn is the run
number specified in the keyword RUNNR (page 64). To be aed/éty the keyword
PAROUT (page 94). Further details on this file are given intSE&.6 (page 133).

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
94) via the unit MLONGOUT (LONGitudinal OUTput, by defaulB® nnnnnn is the
run number specified in the keyword RUNNR (page 64). This wupactivated by the
FLONGOUT flag (see keyword LONGI page 87). Further detailshomfile are given in
Sect. 10.5 (page 132).

Another (optional) output file contains the compressedimation of the Cherenkov pho-
tons. It gets the file name&’F Rnnnnnn’ and is written onto the output directory DSN
(keyword DIRECT page 94) via output unit MCETAP (CErenkov TAPgdefault 91).
nnnnnn iS the run number specified in the keyword RUNNR (page 64).

To establish a summary file on the contents of an air showraritan optional output
file containing a run summary is written t&’ATnnnnnn.dbase’ on the directory DSN
(keyword DIRECT page 94) via output unit MDBASE (Data BASE, efallt 45), ac-
tivated by keyword DATBAS (page 104annnnn is the run number specified in the
keyword RUNNR (page 64). Using the AUGERINFO option the narmthis file will
be 'DATnnnnnn.info’ and the formats are adapted to the requirements ofAtnger
experiment. Further details on this file are given in Secf7 {fage 133).

The PLOTSH files contain all tracking steps for each partiglé 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 ATnnnnnn.trackhd’ for hadrons)
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(see Sect. 3.5.26 page 53y.nnnn is the run number specified in the keyword RUNNR
(page 64).

e The PLOTSH2 map files are, basically, two-dimensional kgistoms containing the num-
ber of tracks in each xy-/xz-lyz-bin. Details are given irctS&.5.27, page 54. 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 64).

e The interaction test option INTTEST generates histograhey data are written to the
file with the name defined by keyword HISTDS (page 108) via thigat unit LUNPLT
(Logical UNit for PLoT, by default 52).

e The ANAHIST, AUGERHIST, and MUONHIST options generate hggtams; their data
are written to the file nameddatnnnnnn.lhbook’ via the output logical unit 8&innnnn
Is the run number specified in the keyword RUNNR (page 64)theurdetails on this file
are given in Sect. 10.4 (page 131).

During the calculation the program uses a temporary da{asettch 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 filess.inics.lhc,epos.iniev, epos.inilb, epos.inirj.lhc, andepos.initl
may be changed using the keyword EPOPAR (page 74). The pamanggven in the keyword
EPOPAR are written to a scratch file connected to unit NEXPRWd@gfault 97). This file is
read by the EPOS routines when initializing EPOS.

Similarly, the names afEXUs data filesiezus.inics,nexus.iniev, nexus.inirj, andnezxus.initl
may be changed using the keyword NEXPAR (page 75). The paeasngiven in the keyword
NEXPAR are written to a scratch file connected to unit NEXPRMXus PaRaMeters, by
default 97). This file is read by theeX Us routines when initializingNEX Us.

Some values of the in- and output units may be redefined bygohgutheir values in the corre-
sponding BLOCK DATA subprograms. Table 1 lists all units tdggetwith 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 EPOS Option

EPOS [25] (Energy conserving quantum mechanical multi-scattering@agh, based on
Partons, Off-shell remnants an@®plitting parton ladders) likeNeXus combines features of
the former VENUS [10] and QGSJETOL1 [6] with extensions eimgoh safe extrapolation up
to higher energies, using the universality hypothesisdattthe high energy interactions [11].
Compared taoNEXUS, many technical problems have been solved and the screeffegjs
have been simplified using a more phenomenological approshly based on the recent
RHIC data. In addition, high density effects have been inetlild The most actual version
is EPOS LHC (v3400) [12], in which LHC data are taken into asdoto constrain model
parameters.

For using EPOS you first have to select the EPOS option wheaatxtg the ORTRAN code
from the source file. Thé/akefile 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 supply theylword (page 74):

EPOS T O

Setting EPOS to .falseF] the simple HDPM routines are used (see also Sect. 3.1.2helo
The standard parameters for EPOS are set in subroutise of the epos-bas-Ihc.f file. If
in your calling directory the data setpos.inics.lhc,epos.iniev, epos.inilb, epos.inirj.lhc, and
epos.initl are not existent or not compatible with the selectathmeters, they will be calculated
at the first call of subroutin@saini of epos-sem-xxx.f (which takes som#&0 h on a DEC
3000/600 AXP with175 MHz).

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

EPOPAR daaaaaaaaa

in the input file (see footnote to keyword EPOPAR, Sect. 4.2fep&l).aaaaaaaaaas a com-
mand line as described in the EPOS documentation. Tées@aaaaaa&ommands are written
onto the file connected with the logical unit NEXPRM (by detfid) and read by subroutine
areadof theeposbas-Ihc.f file.

The EPOS option needs roughly 7.5 times more CPU-time thatvENUS option (F =

10*° eV, NKG enabled, EGS4 disabled).

EPOS activates also the inelastic hadron-nucleus interactoss-sections at higher energies.
They are calculated by the subroutinexsig The EPOS cross-sections are selected automati-

33The FORTRAN compiler options described in Sect. A.1 (page 141) are used.
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cally when the EPOS option has been used for extracting dmerRAN code from the source
file. In your input file you may supply the keyword (page 75):

EPOSIG T

Setting EPOSIG to .falseF] you will use the default cross-sections of CORSIKA as desdib
in Ref. [3].
Theall-inputs-eposn run/ subdirectory is an example input file to run CORSIKA with EPOS.

3.1.2 HDPM Routines

HDPM is a set of routines to simulate high-energy hadronic intéyas. These routines are
fast and adjusted to experimental data where availabletofroton interactions simulated
with HDPM and other models agree fairly well with each otrerg Ref. [26]). Experimental
data are however rare for high energy nucleon-nucleus deuasiucleus collisions and here
the results start to disagree due to the simpler modelinddRM. If one is interested in differ-
ences of air showers induced by different nuclei one prgbgéts more realistic results by the
detailed simulation with other models (EPO&Xus, QGSJET, SIBYLL, VENUS) than with
the HDPM routines.

As the HDPM routines are default you have nothing to specifigmvextracting the GRTRAN
code from the source file. But the compilgtleisha_2002d.f code (rsp. FLUKA library or
UrQMD library) will be linked with your CORSIKA program.

3.1.3 NEXUS Option

neXus[11] (NEXt generation ofJnified 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 leigérgy interactions [11]. It handles
nucleus-nucleus collisions with an up to date theoretipgt@ach. The most actual version is
NEXUS 3.97.

For usingNEXUsyou first have to select the NEXUS option when extracting the FRAN code
from the source file. Thé/akefile 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 you ynaupply the keyword
(page 75):

NEXUS T 0

Setting NEXUS to .false K) the simple HDPM routines are used (see also Sect. 3.1.2abov
The standard parameters fREXUS are set in subroutineaset of the nexus-bas.f file. If
in your calling directory the data setg:zus.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 thechitsbf subroutinepsaini of nexus-
sem.f (which takes somig) h on a DEC 3000/600 AXP witth75 MHZz).

34The FORTRAN compiler options described in Sect. A.1 (page 141) are used.
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Normally all parameters afEXUS are set by subroutin@aset(of the nexus-bas.f file) called
from subroutinenexini In special cases it may be necessary to overwrite one or afdhese
parameters or to rename the data files to identifyus.inizx files established for different pa-
rameter sets. This is performed using the keyword

NEXPAR daaaaaaaaa

in the input file (see footnote to keyword NEXPAR, page 7gaaaaaaaas a command line
as described in theeXus documentation. Thessaaaaaaaaa&ommands are written onto the
file connected with the logical unit NEXPRM (by default 97) amedd by subroutinaread of
thenexusbas.f file.

The NEXUS option needs roughly 7.5 times more CPU-time than the VENU®oHE, =
10% eV, NKG enabled, EGS4 disabled).

NEXUS activates also the inelastic hadron-nucleus inteEnacross-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 thRTRAN code from the source
file. In your input file you may supply the keyword (page 76):

NEXSIG T

Setting NEXSIG to .false ) you will use the default cross-sections of CORSIKA as desdrib
in Ref. [3].

The all-inputs-nexusn run/ subdirectory is an example input file to run CORSIKA with
NEXUS.

3.1.4 QGSJET and QGSII Options

QGSJET [6, 13] (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 hadabioin process is treated in the quark
gluon string model. The most actual version is QGSJET-I]A®} including Pomeron loop and
the cross-section is tuned to LHC data.

For using QGSJET you first have to select @&SJET rsp. QGSII options when extracting
the FORTRAN code from the source file. Without QGSII you will extract tiveklroutines for
the older QGSJETO01d program.

The Makefile will link the compiled qgsjet-11-04.f (rsp. qgsjet01d.f) andgheisha-
_2002d.f codes (rsp. FLUKA library or UrQMD library) with your CORSK program. The
qgsjet-11-04.f package will behave differently compared with the olges;jet01d.f.

In your input file you may supply the keyword (page 76):

QGSJET T 0

Setting QGSJET to .falseF) the simple HDPM routines are used (see also Sect. 3.1.2 page
29).
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If in your calling directory the data setgsdat-11-04° andsectnu-11-04(rsp. QGSDAT01 and
SECTNU) are not yet existent they will be calculated at the first oaubroutineggaini
(rsp.psaini ) (which takes c4 dayson a 1 GHz Pentium LINUX rsp30 h for QGSDATODbn

a DEC 3000/600 AXP with 75 MHz). The resultingygsdat-11-O4file will have asize ofx~ 131
MB. The QGSJET option needs about 3 times more (ggsjet-11-€42l) the same (qgsjet01d)
CPU-time than/as the HDPM option (NKG enabled, EGS4 disabled

QGSJET activates also the inelastic hadron-nucleus ttterecross-sections at higher energies
which are supplied in thggsdat-11-O4file read in by the ggsjet-11-04 [13] (rsp. tli@GSDATO01
file read in by the qgsjet01d [6]) program package. The nucleigtens cross-sections are con-
tained in the filesectnu-11-04rsp. SECTNU). The qgsjet-11-04 cross-sections (rsp. QGSJETO01d
cross-section) 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 76):

QGSSIG T

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

3.1.5 SIBYLL Option

SIBYLL [7, 8, 9] is a program developed to simulate hadronic intevas at extreme high
energies based on the QCD mini-jet model. The actual verSis SIBYLL 2.3.

For using SIBYLL you first have to select the SIBYLL option wheiiracting the ©HRTRAN
code from the source file. Th&lakefile will link the (compiled) sibyll2.3.f and gheisha_
2002d.f codes (rsp. FLUKA library or UrQMD library) with your CORSKprogram. In your
input file you may supply the keyword (page 77):

SIBYLL T O

Setting FSIBYL to .false.K) the simple HDPM routines are used (see also Sect. 3.1.239%9ge

The SIBYLL version 2.3 internally produces charmed particleNith the CHARM option
(Sect. 3.5.7 page 43) these charmed patrticles are explititensported by CORSIKA and
decay at the end of the transport step employing the PYTHRageoutines. Also the charmed
D-mesons and the charmeéd, =., and(). baryons (including the anti-particles) may serve as
projectiles. Moreover strange baryons and anti-baryoxeefe thel)) are accepted as projec-
tiles in SIBYLL 2.3.

SIBYLL activates also the inelastic hadronic interactiomss-sections at higher energies which
are supplied with the SIBYLL [8] program package. They areedasn QCD calculations,
details are given in [8]. SIBYLL also delivers nucleus-nudecross-sections. The SIBYLL

35Binary type file is available for LINUX systems on the CORSIKA server for downloading.
360mitting the default QGSJETOLD selection uses hadron-@isssections increased by 3 % to take into
account the individual nuclear radii 6fN and'®0O as stated in Ref. [32].
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cross-sections are selected automatically when the SIB¥tion has been used for extracting
the FORTRAN code from the source file.

In your input file you may supply the keyword (page 77):
SIBSIG T

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

3.1.6 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 whenaeting the ©RTRAN
code from the source file. Th® ake file will link the compiledvenus.f andgheisha_2002d.f
codes (rsp. FLUKA library or UrQMD library) with your CORSIKArpgram. In your input
file you may supply the keyword (page 77):

VENUS T O

Setting VENUS to .false K) the simple HDPM routines are used (see also Sect. 3.1.23%ge
Normally all parameters for VENUS are supplied by the roaitienini . In special cases it
may be necessary to overwrite one or more of these paransgirgied by its name PARCHA
and its new value PARVAL. This is performed using the keywqaige 77)

VENPAR PARCHA PARVAL

in the input file (page 77).

The VENUS option needs roughly 15 times more CPU-time thanHDB®M 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 treaiksdr tables of CORSIKA [3].
The VENUS cross-sections are selected automatically wieWENUS option has been used
for extracting the BRTRAN code from the source file. In your input file you may supply the
keyword (page 78):

VENSIG T

Setting VENSIG to .false. you will use the default crosstiees of CORSIKA as described in
Ref. [3].
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3.2 Low-Energy Hadronic Interaction Models
3.2.1 FLUKA Option

FLUKA (FLU ctuatingKA scade) [14] is a package of routines to follow energeticigas
through matter by the Monte Carlo method. In combination VAMRSIKA 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 wedepa
http://www.fluka.org/

FLUKA is used within CORSIKA to calculate the inelastic hadmwoss-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 option, tiidake file will link the FLUKA library 37 with your
CORSIKA program (pages 141 and 143). Please verify that theien{g77 rsp. gfortran in
32 or 64 bit mode) which your system uses for the CORSIKA progiamvith that employed
in the compilation of the available FLUKA package.

To run the FLUKA version, an environment variabléells the system where to find the binary
data files (page 23) needed by the FLUKA routines.

In case of problems with FLUKA you should consult the filleskall.outandflukal5.errwhich
might give hints on the reason for a crash (e.g. expiratidga daFLUKA exhausted).

3.2.2 GHEISHA Option

GHEISHA (GammaHadron Electron InteractionSHower code) is an interaction package
widely used in the detector Monte Carlo program GEANT [33]t thas 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. [15]. The GHEISHA
version is taken as distributed in October 17, 1994 with th6ARST package [33] version
3.21/03 by CERN. Recently some errors were eliminated using @ikéined from SLAC [34]
and now all variables are used in double precision. To disodte against the uncorrected
single-precision GHEISHA version it is renamedgbeisha_2002d.f. GHEISHA is used in
CORSIKA to calculate the elastic and inelastic cross-sestairhadrons 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-relativistic QuantumM olecularDynamics) is an interaction package designed
to treat low energy hadron-nucleus interactions. A deafailescription of this model may be
found in Ref. [16]. UrQMD 1.3cors is used in CORSIKA to perform the elastic and inelastic

37See footnote page 10 for the different available FLUKA lifes.
38 Assumingcsh shell one usessetenv FLUPRO flukadirectory For bash/sh shells you giveexport
FLUPRO4ukadirectory
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interactions of hadrons belas® GeV in air. The actual linking routines operate with the sglec
UrQMD 1.3 cors version adapted to CORSIKA.

For using UrQMD you first have to select the URQMD option whetrasting the ©HRTRAN
code from the source file. For compilation of tt@mpilefilef the UrQMD 1.3cors include files
boxinc.f, colltab.f, comres.f, coms.f, inputs.f, newpart.f, and options.f must be available.
So the./coconutscript will install these files if needed before doingl&ukefile to make a
UrQMD library liburgmd.a from the UrQMD 1.3cors FORTRAN files and then link it with
your CORSIKA program (pages 142 and 144). In your input file yay supply the keyword
(page 106):

URQMD T O

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 &evikrd ELMFLG only.
A detailed description of the EGS4 program can be found in R&, and the modifications
applied to it are published in Ref. [3].

For using NKG and/or EGS4 you have to activate the flags of édyavkrd (page 80)

ELMFLG T T

in the input file.

It must be emphasized that at the highest electromaardergies abové0!” eV the NKG op-
tion does not contain the Landau-Pomeranchuk-Migdal effelich is added to EGS4) which
may alter the shower development by the decrease of the gramation and bremsstrahlung
cross-sections with increasing energy. Therefore theytical NKG treatment deviates more
and more from results gained by the EGS4 option. For exame-induced showerl(' eV
energy, inclined witl¥ = 60°, without PRESHOWER option) the maximum of the electron lon-
gitudinal development simulated by EGS4 is reached deagheiatmosphere by 100 g/cnt
slant depth than predicted by NKG.

3.3.1 NKG Treatment

The first flag activates the analytic NKG treatment of the tetewagnetic component. The
longitudinal electron numbers and pseudo-age paraniétars calculated every00 g/cny
above the lowest observation level and the lateral electemsities 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 keyivgrage 81):

RADNKG 200.E2

39These pseudo-age parameters should only be used qualitaffor 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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Also lateral pseudo-age parametémare 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 COMPA®Tian 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 MoG#elo treatment of the elec-
tromagnetic component by the EGS4 package. Both flags maytibatad or deactivated inde-
pendently. No special option for extracting the®TRAN code from the source file is required.
By selecting the CERENKOV option the EGS4 routines are activateomatically.

In most applications (especially Cherenkov radiation frdroveers induced by primaries with
energies in the GeV range) an abbreviated treatment of tHepheuscattering of electrons
within the EGS4 code is not recommended. If you can afforsv@tayuality of your simulations
but no long computing times, you may specify an enlarged Istegth factor STEPFC by the
keyword (page 80):

STEPFC 1.0

(See also the comments in Sect. 4.44 page 80.) A detailedsdi®n on the use of this step
length is given in [35].

In the standard version treating pair production and bréadsising, the EGS4 routines do not
regard the Landau-Pomeranchuk-Migdal (LPM) effect whibbwd be applied at energies
above E,; > 10! eV. The LPM-effect is switched on automatically using thelNHbption
(see Sect. 4.51 page 83), the PARALLEL option (see Sect.3age 53), the MULTITHIN
option (see Sect. 3.5.20 page 51), or the LPM option (see $&c19 page 50).

The files namedEGSDATG6x.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 ispttied according to Cudell et al. [36]
published by the Particle Data Group. The low energy thresbbthe EGSDAT6x.x files
ranges from).05 MeV to 3 MeV. These files differ from the older data sets by the arrareye

of the tables containing the“ebranching ratios and-branching ratios, thus giving a more
smooth branching ratio for the rare processes of electoteauand photo-nuclear interactions
rsp. of ™ 1~ pair formation [37]. A data set with an energy threshold foly ELCUT(4) im-
plies the explicit, but unnecessary production of many lsstrahlung photons above threshold
but below ELCUT(4), resulting in a considerable prolongaid wasted CPU-time. Therefore
CORSIKA automatically selects tHE5SDAT6x.x set best suited for the user’s specification of
the ELCUT(3) and ELCUT(4), thus saving CPU-time.
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3.4 Cherenkov Options
3.4.1 Cherenkov Standard Option

The routines treating the Cherenkov radiation have beenlisdppy the HEGRA Collabora-
tion [38] and considerably improved by K. Bedhir [39]. The Cherenkov light production by
electrons, positrons, muons, and charged hadrons is @adith the subroutineerenk . The
Cherenkov photons are considered within a wavelength bamchwhay be specified by the
lower and upper limits WAVLGL and WAVLGU. Atmospheric abgtion of the Cherenkov
photons is not taken into account by default, but might beedday the CEFFIC option (see
Sect. 3.4.5 page 39). Only Cherenkov photons from downwairthguarticles and arriving at
the lowest observation level are recorded.

Charged particles create Cherenkov photons at each tradkipgvben the conditio > 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-step ihsshe fixed number CERSIZ,
predefined by an input keyword. In such a sub-step all thegpisatire sent in a compact bunch
along a straight line, defined by the emission aigleelative 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 elexsrio makes no sense to sim-
ulate showers with Cherenkov light production unless usggEGS4 option. Therefore the
CERENKOV option automatically activates the EGS4 option, tdthe CERENKOQOV option
reduces the step length factor STEPFC to 1 by default (page 80

The generation of Cherenkov photons by charged primarygbestis always considered and
therefore the internal clock is always started by the eg@anto the atmosphere (and not by
the first interaction). By default the deflection in the Earthgmetic field is considered for the
charged primary patrticles, see keyword TSTART (Sect. 4dge©68).

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 and with A&DEx ACERY cnt
area each. Each bunch is represented by 7 words which arenttigen of Cherenkov photons,
thex andy position coordinates at the observation level, directiosires: andv, arrival time,
and height of production above sea level.

To obtain this program version the CERENKQOV option has to bectetl when extracting the
FORTRAN code from the source file. Via the keyword (page 96)

CERARY 27 27 1500. 1500. 100. 100.

the geometry of your Cherenkov array may be defined. In the CURW[iion even for large
arrays it is always assumed that the detector array is poesitiin a plane which is not bent by
the curvature of the Earth surface (see Sect. 4.67 page 9dgtafion of the Cherenkov array
x-axis relative to (magnetic) North may be respected by #avord (page 92):

ARRANG 0.
The bunch size may be selected by the keyword (page 97):
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CERSIZ 0.

The optimal choice of the bunch size depends on the employohére atmospheric absorption,
mirror reflectivity, and photomultiplier quantum efficign¢CEFFIC option, see Sect. 3.4.5
below). Without the CEFFIC option a CERSIZ =5 is reasonable pasitaone photon of such

a bunch survives in an off-line treatment of these effects.

By the keyword (page 97)

CERFIL 1

the Cherenkov output is directed to the separate Cherenkputdiie MCETAP or (CERFIL 0)

to the particle output file MPATAP. In case of a separate aufieithe Cherenkov output is
structured as the particle output file. It contains the elieater and the event end block and in
between the data blocks. The data structure of the Cherenltputodata set is given in Table
11 (page 125). In the case the Cherenkov bunches are stotelMRATAP particle output file
together with the other shower particles on the same pamicgtput file, a Cherenkov bunch is
treated like a particle.

The definition of an array of Cherenkov detectors serves toaethe required disk space for
Cherenkov shower. On the other hand one loses the possitiilitging an air shower several
times during the analysis with different core locationshwigspect to the detector. Keeping in
mind the excessive computation time for Cherenkov showessailpility is introduced to use
Cherenkov showers multiple times with only a tolerable iaseeof storage space. Therefore,
already during the simulation it is defined how often a sirglewer should be used and where
in the array the core locations should be. The core locafmmnsach event are chosen with the
Sobol quasi-random number generator [40] and are storée ievent header. Correspondingly,
the array of Cherenkov detectors is placed several timesioliservation plane and store all
Cherenkov bunches that hit one of the detectors. This pdtisgiisi selected by the keyword
(page 98):

CSCAT ICERML XSCATT  YSCATT

An event is used ICERML times and the core is scattered in thgeradSCATT < .. <
XSCATT and -YSCATT< y..re < YSCATT. Another possibility to define the positions of
core locations (without the Sobol quasi-random generaises the keyword COREPOS (see
Sect. 4.88 page 99). For the analysis of such CORSIKA eventsstitehas to specify the same
core locations in the analysis that have been determinadgitive simulation. The output file
size will basically scale with the number of times each evensed, but it is still considerably
smaller than the output of the complete Cherenkov componeuldibe.

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

3.4.2 Cherenkov Wavelength Option

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

This option may also require to use a smaller maximum bureeh(see keyword CERSIZ page
97) since all photons in a bunch are of the same wavelengththacefore, the peak quan-
tum efficiency rather than the average quantum efficienogrdenes the maximum acceptable
bunch size. (In combination with the CEFFIC option (see Se4dt5 page 39) you should use a
maximum bunch size of 1, as usual.)

In the THIN option the wavelength of each photon bunch maynotuded as last item (see
Table 11 page 125) replacing the weight parameter. If thputus directed to the output file
MCETAP by setting MCERFE> 0 the CERFIL keyword (see Sect. 4.85 page 97) enables to
specify the last item as thinning weight or as wavelength.

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

3.4.3 Imaging Atmospheric Cherenkov Telescope Option

The routines treating the Cherenkov radiationlimagingAtmosphericCherenkovT elescopes
(IACT option) have been supplied by K. Bedhk [39, 41]. The Cherenkov light production by
electrons, positrons, muons, and charged hadrons is @adith the subroutineerenk. The
positions of the telescopes are defined by the keyword (p@ge 9

TELESCOPE 0. O 0. 0.

giving the coordinates relative to the center of the lowésteovation level (see Sect. 4.89 page
99). The data set name for the telescope-specific data ogtgefined by the keyword (page
99):

TELFIL filename

For further details of the IACT option see Ref. [39], the comitsext the beginning of thiact.c
routines, and the documentation supplied with the 'bemioéckage.

With the IACT option by default the TMARGIN flag (keyword TSTARTS set to .true. (see
Sect. 4.12 page 68), but it may be overridden. This affeasxtland y coordinates of the
Cherenkov photons arriving at the observation level if thiéuale of the first interaction is fixed
by the keyword FIXHEI (page 68).

To obtain this program version the IACT option has to be setttigether 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.

Imaging atmospheric Cherenkov telesopes may be speuiftedut the IACT option. In this
case the output is directed to the MCETAP output files and a maxi number of 99 tele-
scopes may be specified with the TELESCOPE keyword (see S@8tpage 99). Now tha"
argument ID of this keyword:
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TELESCOPE 0. O 0. 0. ID

specifies the telescope identification number, which is Gieethe MCETAP output files. For
each telescope you will get an individual Cherenkov outpet fikmed CERnnnnn-teliii
whereiii gives the telescope ID. For MCERFI at least 3 or larger (see CERE}word
Sect. 4.85 page 97) the filename convention is changed to:bAinn.cher-telii.

3.4.4 Imaging Atmospheric Cherenkov Telescope Extension @ipn

With the IACTEXT option the interface to thieloutfunction (act.c routines) is extended by
parameters describing the emitting particle. This extdni®rmation is stored as an additional
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 tleasjble. 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. Thégkmomentum is filled into the
zemfield (negative for upward-moving particles) and the p#&tlD is filled into thelambda
field. If thinning is used, the particle weight is in thhotons field.

When compilingiact.c manually (instead of taking advantage of th@conutscript or the
GNU-makefile supplied with the 'bernlohr’ package), an éiddial option-DIACTEXT is re-
quired to have a consistent interface on both sides.

To obtain this program version the IACTEXT option has to beesteld 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 not rdggatdabsorption within the at-
mosphere, telescope mirror reflectivity, or quantum efficjeof the detecting photomultiplier
tubes. In the CEFFIC option these effects are taken into axt@i@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 effexfsiiaction of photon wavelength are
needed in this option depending on the status of the flagsfigukloy the keyword (page 98):

CERQEF F F F

Standard tables for atmospheric absorptiam@bsdat), mirror reflectivity (nirreff.dat) (mea-
sured for the re-coated mirrors of the Whipple telescopet. S€93), and quantum efficiency
(quanteffdat) (measured for Hamatsu R1398HA photo-multipliers Withwindow and 1.125”
tube) are supplied with CORSIKA. For other installations teerntshould establish correspond-
ing tabled’.

40The atmabsdat table is composed of 105 wavelength values between @008 nm in steps ob nm; one
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By early eliminating those Cherenkov photons which are ategbviathin the atmosphere, not
reflected by the mirror, or not producing photo electron$inithe 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 treatdgl in a manner suited for
planar atmospheres, you should not combine the CEFFIC opithrCURVED.

To obtain this program version the CEFFIC option has to betsddogether with the CEREN-
KOV option when extracting the&RTRAN code from the source file.

3.4.6 INTCLONG and NOCLONG Options

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

The option INTCLONG is effective also with the AUGCERLONG optisee Sect. 3.5.3 page
41).

To obtain these program versions the INTCLONG rsp. NOCLONGoophas to be selected
together with the CERENKOV rsp. AUGCERLONG option when extragtthe 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 genénatth HBOOK routines [30].
The histograms are written into the file namédtnnnnnn.lhbook’ (page 131) onto the output
directory DSN specified by the keyword DIRECT (page 94). To segpthe ordinary particle
output file the keyword PAROUT (page 94) might be used. Thadyesis gives a short overview
on various shower properties of the particles arriving atdhservation level. The histograms
are only established for the lowest observation level. Rabianing is not applied to the
particles sorted into the histograms.

Because of its permanent modifications a comprehensiveipisorof 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 linkirigthee CERN

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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library*! with the program; they are not supplied with the CORSIKA paekag

3.5.2 ATMEXT Option with External Atmospheres

The ATMEXT option allows to use external tabulated atmosgb®f the MODTRAN model
documented in Ref. [42]. They are provided together with tegnlohr’ package [41] as files
atmprof.dat and read in with special routinéswritten in C. Further details may be found in
Ref. [39], at the beginning of thatmac routines and in the documentation supplied with the
‘bernlohr’ package. See also Sect. 4.22 page 72.

The CURVED option needs the atmospheres in the 5-layer mattedirthan interpolated from
ATMEXT tables. Therefore in the CURVED option AATM, BATM, CATMalues are fitted to
the tabulated atmospheres and the table interpolatiosabhiid.

To obtain this program version the ATMEXT option has to beesgd 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 Cherenkovuwran in the table of the
longitudinal particle distribution without full simulain of the Cherenkov radiation. Because
of an elongation of the CPU time the AUGCERLONG option should/dod used if the lon-
gitudinal Cherenkov distribution is really needed. By the ITONG option (page 40) the
integrated instead of the differential longitudinal Ché@nintensity may be selected. The
keywords CERSIZ (page 97) and CWAVLG (page 97) are activateld thiét AUGCERLONG
option.

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

3.5.4 AUGERHIST Option

The AUGERHIST option produces a series of histograms gesenatth HBOOK routines
[30]. The histograms are written into the file namédtnnnnnn.lhbook’ (page 131) onto the
output directory DSN specified by the keyword DIRECT (page %.the HBOOK routines
use only lower case characters, the DSN directory name ghmil contain capitals. These
histograms show properties of different particle typegetol20 horizontal levels (to be defined
by keyword OBSLEV, page 90). They enable to study the longialdlevelopment of various
shower parameters. At each defined level a series of histegis generated e.g. for radial
distances of different particle species, for the energyodiey different particle species as
function of distance from the shower axis, for energy spe@ts function of distance) and much
more. Examples are given in Ref. [43]. For histograms redattinthe emission of Cherenkov

4IThe CERN library is only available for 32bit computers.
42The reading C-program expects tasmprof.dat files in the directory where you start the CORSIKA exe-
cutable. Therefore install a symbolic link to the atmosptfées or copy them to the run directory.
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radiation the bunch size and wavelength band has to be sgkasing the keywords CERSIZ
(page 97) and CWAVLG (page 97).

Only particles arriving at the lowest observation level diected to the particle output file
(page 120) antbr the table output file (keyword PAROUT page 94) Amdbinned into the
ANAHIST histograms.

Because of its permanent modifications a comprehensiveiptsorof the AUGERHIST op-
tion is not available.

The AUGERHIST option works only in combination with the THINbtmon. To obtain this
program version the AUGERHIST option has to be selected whé&aating the RTRAN
code from the source file. The HBOOK routines require linkifithe CERN library? with the
program; they are not supplied with the CORSIKA package.

3.5.5 AUGERHIT Option

With the AUGERHIT option only those particles are written tetparticle data output file
which hit a detector or its direct neighbourhood thus respgalso particles with inclined
arrival directions. This option enormeously reduces tls& dpace required by the particle data
output file [44].

The Auger detectors [21] are aligned in a triangular grichwlibO0 m distance between the
detectors extending in West-East direction and at angl&® wrt. the West-East direction.
The detector distance may be specified by the keyword AUGSER $ect. 4.69 page 92). To
select particles for writing out it is sufficient to examinéether a particle falls on the parallel
stripes covering the detector rows in all three directiohise strip half width DRADIUS has
to be selected large enough to neglect small deviationseofidtectors from the exact grid
positions. Also the value of DRADIUS is selected by defauigéaenough to retain particles
coming from inclined showers with zenith angles up8&F which just skim the cylindrical
detectors at the upper edge. A more stringent selectionharsdat reduced output particle data
file size can be achieved by the FTANKSHADOW flag (see Sec8 gagje 92) to consider only
particles which hit the shadow of an Auger tank. By using thg BANYMODE only those
particles are brought to the output which survive all thighmodes in the MULTITHIN option
(Sect. 3.5.20 page 51).

Using the flag FANYMODE of the keyword AUGSCT (Sect. 4.69 pa@e the size of the
particle data output file may be reduced respecting onlyetlpasticles which survive in all
thinning modes of the MULTITHIN option (see Sect. 3.5.209&4).

To use a shower several times with core locations scattetative to the detector grid up to 20
core locations can be chosen. This selection is perform#dtiae Sobol quasi-random number
generator [40] setting the parameter MAUGPOS of the keywdtGSCT (see Sect. 4.69 page
92) to a positive value. Setting the parameter MAUGPOS to #ee selection is performed
manually with one or several input steering lines with thgvwerd AUGHIT (see Sect. 4.70
page 93). In both cases the core locations are stored in dra beader. Correspondingly, the
array of Auger detectors is placed several times in the obtien plane, and all those particles
which hit one of the detectors are stored. Moreover, thectiete around the shower core will

42The CERN library is only available for 32bit computers.
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reach saturation and therefore particles hitting closah&shower core than the selectable
distance CORECUT (see Sect. 4.57 page 86) can be discarded.

In the AUGERHIT option by default the orientation of the Augkatector array is set by the
angle ARRANG (see Sect. 4.68 page 92) which is chosen to -92i8erefore the positive
X-axis is pointing to East. Also the magnetic field composeait the Malargue site (B=
19.524T and B, = -14.17.T) are taken as default values. All other parameters to be wgé
the AUGERHIT option are read in using the keyord AUGSCT (seé.3e689 page 92).

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

3.5.6 AUGERINFO Option

The AUGERINFO option produces an output file namédATnnnnnn.info’ replacing the
"D ATnnnnnn.dbase’ file, when activated by the DATBAS keyword (page 10@)e 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 toddected when extracting the
FORTRAN code from the source file.

3.5.7 CHARM Option

In the standard CORSIKA program the charmed particles areetteanplicitly in the hadronic
interaction codes. But several codes (at present QGSJEAAd&IBYLL 2.3) produce them in
a manner that they can be treated with explicitely trangpgpthem respecting their interaction
cross-sections calculated by reference [45] and thetirifes using the CHARM option [46].
With the SIGMAQ keyword (page 79) the cross-sections forititeraction of the charmed
(rsp. bottom) particles are determined. The PROPAQ keyWpade 79) determines whether
the interactions are handled by routines [45] which extér®dRYTHIA 6.411 (rsp. PYTHIA
6.427) packag€, or in combination with QGSJET01d by the routinesgof;jet01d.f**. The
decay of charmed particles is treated by the PYTHIA pack&gé [Therefore in combination
with QGSJETO01d and SIBYLL 2.3 the modified and extended PYTI8IAL1 package is
installed in thepythia/  subdirectory for automatic compilation and linking.

The CHARM option [46] also enables the treatment of tHeptons. All possible interactions
(bremsstrahlung, pair production, nuclear interactiaishe 7-leptons are respected in a man-
ner in analogy with the-leptons. For the treatment of primary andz; neutrinos the CHARM
option has to be combined with the NUPRIM option (page 52).tfeming back PYTHIA prob-
lems in combination with QGSJETO01d or SIBYLL 2.3 the PYTHIA/keord is available (page
106).

43The PYTHIA routinespyspli.f and pypdfu.f are modified and the routineshabadif.f, chabaparf,
chamedif.f, chamepar.f, bobadif.f, bobapar.f, bomedfif.f, and bomepar.f are added to the PYTHIA
6.411 package.

44Before compilingggsjet01d.f the probability of charmed quark rsp. di-quark formataould be enabled by
setting the appropriate values of DC(3) and DC(5) in sulineuXXASET.
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To obtain this program version the CHARM option has to be seteethen extracting the
FORTRAN code from the source file.
Please verifythat in combination with QGSJETO01d:

¢ you have activated the charm production in ¢gejet01d.f file4;

¢ you have available the PYTHIA 6.411 package with all modifaas and extensiofs

3.5.8 COASTUSERLIB Option

By the COASTUSERLIB option one gets access to each path elenfieait particles pro-
duced during the simulation process. Therefore this optjpens a variety of powerful anal-
ysis tools by user-writtet€++-routines through the enclosed COAST package. The user-
defined code can be applied for many purposes, such as thaixation of particle tracks

or the generation of histograms. Details about this proeedwe given on the web page
https://web.ikp.kit.edu/rulrich/coast.html

Before starting/coconutthe user has to define the enwronment variditl®OASTUSERLIB
pointing to an existing user-defined libCOAST.so library. tMgut the environment variable
this option is not visible in the/lcoconutselection menue. By selecting the COASTUSERLIB
option CORSIKA will transmit the path elements of all trackeattiles to the user-defined
code.

The COASTUSERLIB optioff cannot be combined with any other option making use of the
COAST interface, i.e. COREAS, INCLINED, or ROOTOUT options, math histogram pro-
ducing options ANAHIST, AUGERHIST, or MUONHIST and also the IBGACT option..

To obtain this program version the COASTUSERLIB option hassteddected when extracting
the FORTRAN code from the source file, and alsmt must be installed on your system.

3.5.9 COMPACT Output Option

The standard output of CORSIKA is not adequate when simulatilagge 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 NWR file would be filled up with
zeros, a large amount of useless information for the Dateklland the unnecessary overhead
of the Event Header and Event End blocks would be written is ¢hse. This is avoided in
the COMPACT option, which writes out only the Run Header and tiidelvent Header for the
first event. For subsequent events only shortened Eventdtedithe first 12 parameters) are
written. Event End blocks are omitted completely, the Run Blodk is written as usual. The
Data blocks have a maximal length of 39 particles, trailiagps are suppressed. Further details
are given in Sect. 10.2.4 (page 128).

As the NKG parameters are not written out in the COMPACT verdioa NKG flag (keyword
ELMFLG page 80) should be disabled. The COMPACT option caneatdmbined with the
COASTUSERLIB, COREAS, INCLINED, or ROOTOUT options.

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

45This option compiles only on LINUX and Mac-OSX machines.
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3.5.10 CONEX Option for Cascade Equations

Warning: Despite a lot of successful tests, the authors couldrttaiépossible combinations
of models and observable types. For the moment the precesipacted by the use of the
CONEX option should be better than 10% compared to usual COR$Ka factor of 10 gain

in CPU time but it may depend on the initial conditions and olsales. As a consequence
they decline any responsability if an analysis is biasedhgyuse of this option. The user
should validate his analysis by the use of CORSIKA without CONIpXon for particle based
analysis. 1D simulations based on CONEX are already usedlsintdy since many years. The
original CONEX program [22, 23] treats the development ofvgrs by numerically solving
cascade equations (CE) for the different particle specigdr{ims, muons, and electromagnetic
particles).

In the CONEX-CORSIKA coupling [47, 48] which resembles the piahare of the SENECA
code [49] the shower development starts with a Monte Carkldrirent of the primary particle
and also the secondary particles are handled by Monte CaHaitpies as long as their energy
E exceeds the preselected valtig,. The secondaries with energiés< E,;, are binned into
the energy-depth tables which define the "source terms’@@Qia. From these source terms the
further shower evolution is calculated by solving the CE dowthe energy;,,, which marks
the end of the CE treatment. The parameters needed for sah&isg CE are transmited from
the parameter sets which are selected by the steerirapfiexHIGHMODEL lowmodel.param
(see page 23) in dependence of the selected hadronic itiweracodel. The solution of the
CE can be sampled into individual particles which are savetherCORSIKA particle stack
(hadrons and muons) rsp. on the CORSIKA-EGS4 stack (electhoetia particles). At this
point to each particle witl? < E,,,, a weight can be attributed which is used in the THIN
option (see Sect. 4.51 page 83) to treat the bulk of the logveggnparticles by the standard
Monte Carlo method (with thinning) until these particlesated@he observation level. For an
equivalent precision level a minimum speed-up by a factoam lme expected using CONEX
instead of standard Monte Carlo methods (including optichtkénning).

The parameters needed for the CONEX code are derived fromettiags for the standard
CORSIKA Monte Carlo procedure (including the THIN option) amd aompleted by default
values which cover all normal applications. Only in specedes these standard settings may
be modified by experts using the keywords CASCADE, CONEX, CX2COR, @¥WMX
(Sects. 4.46 - 4.49, pages 81 - 83).

The CONEX option is only available for the high-energy hadranteraction models EPOS,
QGSJET, QGSII, or SIBYLL 2.3 in combination with all low-eggrinteraction models. If
the CONEX option is selected and none of the special keywaelsised, the simulation will
include the use of cascade equations at intermediate eaadythe weights are defined by the
usual THIN, THINH and THINEM keywords.

The CONEX option cannot be combined with any of the CERENKOV@mi(Sect. 3.4.1 to
Sects. 3.4.6, pages 36 - 40).

To obtain this program version the CONEX option has to be satdogether with the CURVED
+SLANT+THIN+UPWARD options when extracting thedRTRAN code from the source file.
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3.5.11 COREAS Option

The COREAS option activates the COREAS code [50] for the caloulaif radio emission from
extensive air showers. The emission is calculated by apgphlyie "endpoint formalism” [51] to
each individual path element tracked in CORSIKA. CoREAS is tltesssor of REAS [52] and
Is not based on any particular model for the generation nresimeof the radio emission (except
of course classical electrodynamics). Please refer togparate user manual for COREAS,
which is automatically generated when compiling CORSIKA viitt COREAS option active.
The COREAS optiotf cannot be combined with any other option making use of the CDAS
interface, i.e. COASTUSERLIB, INCLINED, or ROOTOUT options,riwaith histogram pro-
ducing options ANAHIST, AUGERHIST, or MUONHIST and also the RIBACT option..

To obtain this program version the COREAS option has to be welaghen extracting the
FORTRAN code from the source file.

3.5.12 CURVED Atmosphere Option

The standard CORSIKA program models the Earth’s atmospheréasisk where the density
of the air decreases with the height. The shower calculataom tracking are using Cartesian
coordinates. In a flat atmosphere the thickness increagbsiwios 6. This is a good ap-
proximation for inclined showers if their zenith angles betdow~ 70°. Above this value the
differences between a flat and a curved atmosphere becongeandmore important. Ai0°
eventually the thickness of the flat atmosphere becomestafirinereas the correct thickness
is ~ 37000 g/cnt.

Within the CURVED atmosphere option for large zenith anglesva~ 70° the Earth’s atmo-
sphere is no longer assumed to be completely flat (as in thdasta version for smaller zenith
angles). Rather the atmosphere is replaced by a 'slidingepd@imosphere’. Each times the
horizontal displacement of a particle exceeds a limié &d 20 km (depending on altitude), a
transition to a new, locally plane atmosphere is perfornBythese means the advantages of the
simpler transport formulas within a planar atmosphere amneténed with the faster simulation
speed by avoiding the lengthy and more complicated tredtimensing a true spherical sys-
tem. Because of technical reasons only one observationfegbe specified in the CURVED
option and the X and Y coordinates have a special definiticordier to be able to reconstruct
the 3 coordinates (X,y,z) in a cartesian frame (see Sedt.page 91).

In the CURVED option the ionization energy loss, deflectiothwi the Earth’'s magnetic field,
and the generation of Cherenkov photons is enabled for ctidrgéronic primaries on their
path between entering the atmosphere and the first interacfThe deflection is disabled in
the standard version without using keyword TSTART, page &8e arrival time refers to the
start at the margin of the atmosphere, which is indicated mggative value of element 7 of the
event header block (page 123).

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

46This option compiles only on LINUX and Mac-OSX machines.
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The combination of the CURVED option with the UPWARD option esdribed in Sect. 3.5.37
(page 61).

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

The CURVED option needs the atmospheres in the 5-layer mattedrrthan interpolated from
ATMEXT tables. Therefore in the CURVED option AATM, BATM, CATMalues are fitted to
the tabulated atmospheres and the table interpolatiosabkiid.

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

3.5.13 DYNSTACK

The DYNSTACK option enables the user to change and modifyriteznal particle stack with
a prebuild API (Application programming interface). Fopeximents where the observed area
Is much smaller then the area covered by the shower or tightdaries are present it is possible
to define constrains on the calculated particle which cathtea large runtime reduction. Two
possible implementations are already delivered with CORSIK#As includes an output routine
for every patrticle into a file and a storage that reproducesiédfault CORSIKA behavior with
the possibility to set its size in the steering card to reddib® access.

For a full manual/documentation and continuous updatessthis Github web page
https://github.com/tudo-astroparticlephysics/Cor ++.

or contact D. BaacK.

Any removal or modification of particles during the simutatican impact physical correctness.
Select all changes with care and test your results.

To obtain this program version, the DYNSTACK option has to élested when extracting the
FORTRAN code from the source file.

3.5.14 EFIELD Option

In the EFIELD option the presence of atmospheric electfields acts on the movement of the
charged patrticles of the shower. Depending on the directidhe electrostatic field relative to
the movement of the charged particles the positively (regatively) charged particles are de-
flected, accelerated, or slowed down. In CORSIKA versisnss6 these effects are considered
not only for positrons/electrons, but also for muonic andrgked hadronic particles. The shape
and functional form of the electrostatic field in the atma=ehmust be specified by the user in
the C-subroutinel field.c. Anel field.c template (with zero electrical field) is available in the
src/ subdirectory. The used variables for input and output witghrtdefinitions are explained
in the comment lines of this subroutine. Further detailshenBEFIELD option may be found in
Ref. [53].

The EFIELD option should only be used if the electromagnsiiower component is treated
with the EGS4 routines. The EFIELD option has no effect orctideulation of the electromag-
netic shower component with the analytic NKG formulas.

47 ~dominik.baack@udo.edu
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To obtain this program version the EFIELD option has to beceld when extracting thedr-
TRAN code from the source file.

3.5.15 EHISTORY Option

With this option additional information on the prehistofyneuons, neutrinos, and electromag-
netic (EM) patrticles is given out to the particle output fildis extended additional information
is activated for the muons by the keyword MUADDI (see pagea8®) for the neutrinos by the
keyword NUADDI (see page 90). For EM particles it is activht@th the keyword EMADDI
(see page 89). The precursor hadrons 'grandmother’ andheraif the particles at ground are
specified with the penetrated matter between start and egchnfimother’s track, the position
of mother’s birth, and the momenta of grandmother and mathénat point. The full gener-
ation counterGG of the particle at ground is also giveriz can be decomposed into different
componentss = u x 107 + v x 10% 4+~ x 10° + e x 10® + h from which we get the history of
the recorded particles:

e ;i is the number ofy — ™ + i~ interactions,

v is the number of photonuclear interactions,

~ is the number of photon interactions,

e is the number of electron or positron interactions (inahgdihe emission of low energy
particles),

h is the number of hadronic interactions/decays. Usually etlipteractions but +31 is
used for charmed particle decay, +51 in case of pion dec&Q fdr muon decay and
+200 for muon bremstrahlung or pair production such thag &\ coming from muons
haveh > 100.

The electromagneticy] and hadronic/) generation counters of the grandmother particle are
also given, which might be compared to the generation cosiiofethe particle at ground, thus
indicating additional decays between mother particle &rdihal particle, which otherwise are
not given. Further details are described in [54].

The FORTRAN programcorsikareadhistory.f available in the subsubdirectosyc/utils/

Is designed to read binary particle output files produced thie EHISTORY option.

The EHISTORY option cannot be combined with any other optubich produces histograms
(ANAHIST, AUGERHIST, or MUONHIST) or plots (PLOTSH, PLOTSHi2nor with PARAL-
LEL, CONEX, or CERENKOV options.

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

3.5.16 ICECUBE1 and ICECUBE2 Options

The options ICECUBE1 and ICECUBEZ2 have been developed to meetdh@bpequirements
of the IceCube experiment [55]. The discrimination of higtergy extra-terrestrial neutrinos
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from the steeply falling background of atmospheric neosiis a challenging task. Neutrinos
which interact within the fiducial volume of the IceCube déteare assigned to be atmo-
spheric, if they are accompanied by a detectable muon freradime cosmic ray cascade which
produced the neutrino. The probability for such events nmeagdiculated analytically [56], but
should be confirmed by Monte Carlo methods.

In the ICECUBEL option the stack of secondary particles (wheunally is handled in the last-
in-first-out mode) is replaced by the first-in-first-out seqoe which postpones those particles
exciting mostly low-energy subshowers not leading to théssion of a high-energy neutrino,
while the high-energy particles are treated preferentidlb discard a non-interesting shower
because of missing high-energy neutrinos can be decided sartier, thus saving computing
resources. The necessary input parameter of the thresheldyeabove which particles are
interesting to produce a high-energy neutrino may be aeljussing the keyword EINTER (see
Sect. 4.98 page 102).

The ICECUBE2 option permits a compression of the particle datpub file employing the
gzip procedure (keyword COMPRESS see Sect. 4.100 page 1G8ynatively the output file
Is created as a pipe buffer instead of a regular file, and aetsimulation program can read
from this pipe on-line saving useless disk files. This pipadtvated using the keyword PIPE
(see Sect. 4.99 page 102).

Both options ICECUBEL1 and ICECUBEZ2 may be activated simultaneaurstydependently.

To obtain these program versions the ICECUBEL1 rsp. ICECUBE2 aphare to be selected
in ./coconutwhen extracting the BRTRAN code from the source file.

3.5.17 INCLINED Observation Plane Option

In the INCLINED option the horizontal observation plane (efallt) is replaced by an inclined
observation plane. The keyword INCLIN explained in Sec. 4@@@e 90) is used to specify the
geometry of the inclined sampling plane. The output is emiths a binary data file to the file
named D ATnnnnnn.inclined’ (see Sect 2.4.2 page 26). The format is identc#he normal
binary output data, besides the fact that all coordinategi&en within the inclined plane, with
the origin at the intersection of the shower axis with thdinmed observation plane. Further
details on the output file format are given in Sect. 10.3 (HE&fB.

Technically, the INCLINED option uses a particular COASTUSHRlibrary (Sec. 3.5.8 page
44), namelylnclinedPlane  , which is shipped with COAST in th€orsikaOptions
subdirectory by default.

The INCLINED optiort® cannot be combined with the COASTUSERLIB, COMPACT, CO-
REAS, or ROOTOUT options.

To obtain this program version the INCLINED option has to bkeeced in./coconutwhen
extracting the BRTRAN code from the source file.

48This option compiles only on LINUX and Mac-OSX machines.
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3.5.18 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 sintedband no air showers are developed.
Various projectiles (keyword PRMPAR) and targets (keyword TIST) may be selected. The
result of the test is a series of histograms generated watiHBOOK routines [30] and written
to the unit HISTDS. The histograms show properties of th@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 lbected when extracting thedR-
TRAN code from the source file. The HBOOK routines require linkifighe CERN library”’
with the program; they are not supplied with the CORSIKA paekagia the keywords with
their parameters (pages 107 - 108)

INTTST ITTAR MCM

INTDEC LPIO LETA LHYP LKOS
INTSPC LSPEC

DIFOFF NDIF

TRIGGER NTRIG

HISTDS HISTDS

the conditions of the interaction test run have to be spekifie

Because of its permanent modification a comprehensive géscriof the INTTEST option is
not available. It should be noted that the combinationslofwad 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.

3.5.19 LPM Option

The LPM option switches on tHeandauPomeranchukvligdal effect (which is added to EGS4)
causing an effective reduction of the pair production arersstrahlung cross-sections [57] at
the highest energies. With this option it is possible toudel the LPM-effect without selecting
the THIN option (see Sect. 3.5.35 page 58), the MULTITHINiap{see Sect. 3.5.20 page 51),
or the PARALLEL option (see Sect. 3.5.25 page 53).

49The CERN library is only available for 32bit computers.
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3.5.20 MULTITHIN Option

In the MULTITHIN option showers are simulated unthinned lre tstandard manner, but for
each particle additionally 7 words are written which comtiie weights of this particle for up to
6 different thinning modes (see Table 14 page 127 and Ref).[B8jegative weight indicates
that the particle did not survive in that mode, its amounegithe weight at the moment of
elimination. The different thinning modes are steered lyitiput parameters of the MTHINH
keyword (Sect. 4.54 page 85). For each thinning mode a dedicandom generator sequence
Is used. The different seeds for the thinning modes araliziéd by the MSEED keyword (see
Sect. 4.55 page 86).

To avoid large particle output files the particles close ® shower axis may be suppressed
using the keyword MTHINR (which acts identically as keyw@@®RECUT, see Sect. 4.57
page 86). With this keyword a maximum radius RCUT may be defingdmwhich the output
particles are discarded (see Sect. 4.57 page 86).

The MULTITHIN option may be combined with all other optionscept those which demand
the normal thinning (i.e. ANAHIST, AUGERHIST, CONEX, INTTES®r THIN). In the
MULTITHIN option the LPM-effect is activated automaticallin the particle output file each
MULTITHIN sub-block (see Table 14 page 127) will be precetdgdh particle data sub-block
with the particle arriving at the detector level or - in casele MUPROD option - with a
decaying muon at track end [54].

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

3.5.21 MUONHIST Option

The MUONHIST option produces a series of histograms geeenaith HBOOK routines [30].
The histogram give various properties (energy, transvasaentum, slant depth) of the muons
at the position of their origin. An example of the applicataf this option is given in Ref. [59].
The histograms are written into the file namédtnnnnnn.lhbook’ (page 131) onto the output
directory DSN specified by the keyword DIRECT (page 94). To segpthe ordinary particle
output file the keyword PAROUT (page 94) might be used.

To obtain this program version the MUONHIST option has to beected when extracting
the FORTRAN code from the source file. The HBOOK routines require linkifighe CERN
library®® with the program; they are not supplied with the CORSIKA paekag

3.5.22 MUPROD Option

With this option additional information on the prehistorfiyrouons is given out to the particle
output file even if those muons don't reach the observatieel leTo get this information the

MUPROD option has to be selected and activated by the MUAREYWord (see Sect. 4.63 page
89). This information is written to the particle output fiehere the first entry with particle code
85 (for u™) rsp. 86 (foru ™) represents the muon with its momentum and position comgene
at the production point. To get more information the EHIST¥Odption (see Sect. 3.5.15 page
48) can be combined with the MUPROD option. In the followimgrees the precursor hadrons
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'grandmother’ and 'mother’ of the decaying muon are spetifieth the penetrated matter
between start and end of grandmother’s track, the positiomadther’s birth, and the momenta
of grandmother and mother at that point. The complete génareounter of the grandmother
is also given, which might be compared to the generation teowi the muon thus indicating
additional decays between mother particle and the muorghndtherwise are not given. The
fourth entry with particle code 95 (fort) rsp. 96 (foru ™) represents the muon at its decay rsp.
interaction point with its momentum and position composefRurther details are described in
[54].

3.5.23 NEUTRINO Option

Muonic and electronic neutrinos and anti-neutrinos odtgnfrom the decays of*, the lep-
tonic decays ofk* and K¢, and the decays of*. The neutrino formation is simulated with
exact kinematics of all two and three body decays taking aatwount 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 edsehe cutoff energy ELCUT(1).
To obtain this program version the NEUTRINO option has to bected when extracting the
FORTRAN code from the source file.

3.5.24 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-inducedantems it is recommended to fix the
height of the primary interaction using the keyword FIXHBA{e 68). As the first (neutrino-
induced) interaction is handled by the HERWIG code [19], & [20] with the HERWIG rou-
tines is necessary. The type of interaction (charged current or neutral cujneray be selected
by the keyword NUSLCT (Sect. 4.39 page 79). HERWIG producesidle others - secondary
particles (with charm). Those particles can be treated by ARR®nly if you combine the
NUPRIM option with the CHARM option (see page 43). Without spgng the CHARM op-
tion those charmed secondaries decay at the vertex and taegplizitely transported in COR-
SIKA. Specifying the TAULEP option the-leptons emerging from CC-interactions f or
7; neutrinos are treated explicitely in CORSIKA. The interagti@f secondary particles com-
ing from the primary neutrino reaction are treated by theael high-energy rsp. low-energy
hadronic interaction model or by NKG/EGS4. Secondary reasrare explicitly generated
only, if the NEUTRINO option (see Sect. 3.5.23 page 52) istetk but they are not treated by
HERWIG. Initiating a shower with non-neutrino primary pal#is will not call the HERWIG
routines.

%0The HERWIG 6521 package has been adapted as described in ¥tWBNRE file which you find in the
herwig/ subdirectory (see Sect. A.1 page 142).
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Sequence 5 of the CORSIKA random generator is foreseen for HERWeérefore you should
initialize it (see Sect. 4.3 page 65).

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

A combination of the NUPRIM option with the INTTEST option istrpossible.

3.5.25 PARALLEL and PARALLELIB Options

The PARALLEL option enables the CORSIKA program to run a singl@ager on several cores
in parallel to reduce the time to complete the shower [24].is ®Enables the simulation at
highest energies{ 10!7eV) without the THIN option. Therefore the LPM-effect is izated
automatically.

There exist two modes of parallelization:

a) by shell scripts or

b) by M essagéassing nterface (MPI) system.

They are available after having selected the optior PARALLEL treatment of sub-
showers (includes LPM)" in the additional CORSIKA program options ofcoconut
Then you have to select the mode of parallelization by ansgéehe following question:

Compile CORSIKA as subroutine for parallelization with MPI ?
1 - Special stack for shell scripts without MPI [DEFAULT]
2 - Library to be used with MPI system

In the first case a set of shell scripts handles the exteraak swith the secondary parti-
cles and starts the subshower processes. These shels smgpavailable in the subdirectory
src/parallel/ together with a short descriptiongerguide-pll-*txt).

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

In the second case the PARALLELIB option is activated and t@lfelization is handled by
MPI. In this case the programpi_runner.c is compiled and linked with the subroutioersika-
compilefilef . The first interactions are simulated on a core (MASTER) radiuce secondary
particles which are used to start subshowers in parallel amyngores (SLAVES) to be run si-
multaneously. The communication between the MASTER an®th®/ES is established by
MPI. Further technical details are explained in the MPI-Ram@UIDE [60] available in the
subdirectorydoc/ .

To obtain this program version the PARALLEL and PARALLELIB apts have to be selected
when extracting the BRTRAN code from the source file.

3.5.26 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 24); separate files are used for the elegratic, muonic, and hadronic
component. Each track is written unformatted as one blocisisting of 10 real*4 numbers:

53



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 (i.e. 11 real numbers).

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

The program plottracks reads in the DATnnnnnrirackem’, 'DATnnnnnrirack mu’, and
'DATnnnnnrirack hd’ files specified on the command line by the parameter munzmnn
(integer between 0 and 999999). Then it converts and comstitmEm into 4 PPM images
"tracknnnnnrem.ppm’, tracknnnnnmmu.ppm’, tracknnnnnrhad.ppm’, andtracknnnnnrall-
.ppm’ of the same resolution as the maps. By default, therel@etgnetic, muonic, and hadronic
maps are taken as the red, green, and blue channels of the RagB,inespectively.

As with increasing shower energy and decreasing threstm@chtumber 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 109)

PLOTSH T

the PLOTSH option is enabled or disabled.

This option is not recommended for ordinary shower produchbecause 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.

3.5.27 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 eatiblpapecies maps are generated in
all three projections (x-y, x-z, and y-z). The map files arétem onto the directory DSN via
the unit 55 and are nameBATnnnnnn<spec-_<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 64). 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 the COMMCRPLOTSH?2/.
The unformatted map files consist of a two-word header coimgithe horizontal and vertical
resolution of the respective map file, followed by the rowsnalp value®. These files are then
easily processed further, for examplerbgp2pngsee below).

5lg77 plottracks3c.f -0 plottracks
52Note that writing binary files by BRTRAN, the header and each row are preceded and followed by an addi-
tional word.
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To control the plotting, the keyword PLAXES followed by 6 pareters (see page 109) might
be used in the input file:

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

(see page 109) serves to define energy cuts in the same ortieisador the keyword ECUTS
(hadrons, muons, electrons, photons) (see page 87). Atiaddiparameter defines an upper
bound on the time (in ns) passed since the first interactidnigwhe final logical determines
whether only track segments inside the three-dimensiamagbven by the axis ranges should
be plotted.

Via the keyword

PLOTSH T

the PLOTSH2 option is enabled or disabled (see page 109).

This option is not recommended for ordinary shower proauncti

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

The C-programmap2png(available insrc/utils/ ) converts the particle track maps gen-
erated by the PLOTSH2 option into PNG image files. The onlyqueisite needed by the
program idibpng, which is included in virtually all recent LINUX distribugns. If this library

Is not available for your system, please use PLOTSH optistead.map2pngs automatically
compiled® when the PLOTSH2 option is selected.

The programmap2pngreads in the map files specified on the command line (via the tpat
DATnnnnni and combines them into a single PNG image of the same resolas the maps.
By default, the electromagnetic, muonic, and hadronic mapsaken as the red, green, and
blue channels of the RGB image, respectively. However, ib&sjble 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 camrline. To see a list of options,
simply runmap2pngwithout arguments.

3.5.28 PRESHOWER Option

The PRESHOWER option selects code &outines [61] 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 fieldtgereaching 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 digild in the outer space additional
input is required to specify the location and the time of tkygegiment. The keyword (page 73)
%gcc [-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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GCOORD -69.585 -35.463  2003. 1 O

gives the longitudinal and lateral position of the expeninan the Earth’s globe, the year (the
Earth’s magnetic field is time dependent), a print indigadad a stop indicator (for the case no
pre-showering occurred). Details of this input are givepage 73. With the stop indicator it is
possible to skip those events where no pre-showering aduNevertheless the event header
and event end sub-blocks are written to MPATAP.

The appropriat€-routines of the preshower2.0 version belonging to the PRB&HR option
are available in therc/preshower2.0-rev/ subdirectory, compiled and linked by the
Makefile.

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

3.5.29 REMOTECONTROL

The REMOTECONTROL option enables the user to connect the aboualto an external con-
trol server. This makes it possible to exchange informadioning a simulation run or receive
data to control the simulation.

For a full manual/documentation and continuous updatesthies Github web page
https://github.com/tudo-astroparticlephysics/Cor ++,

or contact D. Baack.

To obtain this program version, the REMOTECONTROL option ltabd selected when ex-
tracting the ®RTRAN code from the source file.

3.5.30 RIGIDITY Option

The RIGIDITY option checks the energy of low-energy primagyticles whether they would
reach the Earth surface because of their magnetic rigiditlvdepends on the local Earth
magnetic field and the angle of incidence. Particles notiegaground will be rejected. In the
present version of RIGIDITY the parameters are hard-codeth®oGRAPES-3 experiment in
Ooty, India. The tablgr3.tex giving the dependence on the zenith and azimuth anglesds rea
in via unit 99.

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

3.5.31 ROOTOUT Option

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

>4 <dominik.baack@udo.edu
55Through the enclosed COAST package.
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The default COAST ROOTOUT data format is thought for fast aaslyeoff-line analysis of
CORSIKA data and is NOT a general replacement for CORSIKA binatg @lles. Due to the
chosen data structure one shower including all particldsadirCherenkov 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.

The ROOTOUT optiotf cannot be combined with any other option making use of the CDAS
interface, i.e. COASTUSERLIB, COREAS, or INCLINED options, nothlwhistogram pro-
ducing options ANAHIST, AUGERHIST, or MUONHIST and also the MIGACT option..

To obtain this program version the ROOTOUT option has to bected when extracting the
FORTRAN code from the source file andot (seeroot.cern.ch ) must be installed on your
system.

3.5.32 SLANT Option

With the SLANT option the longitudinal distributions (pag@ and Sect. 10.5 page 132) are
given in slant depth bins along the shower axis instead ticgdepth bins used in the standard
case. This slant depth scale is more appropriate to inegtigs of very inclined showers.

In the SLANT option [62, 63] the ionization energy loss, detilen within the Earth’s magnetic
field, and the generation of Cherenkov photons is enabledharged hadronic primaries on
their path between entering the atmosphere and the firsactien. (The deflection is disabled
in the standard version without using keyword TSTART, pafg @ he arrival time refers to
the margin of the atmosphere, which is indicated by a negaiue of element 7 of the event
header block (page 123).

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

3.5.33 STACKIN Option

With the STACKIN option the parameters of secondary pasielél 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 CO&SIThe air shower gen-
erated by these resulting secondary particles is simulat€DRSIKA, and all options may
be combined with STACKIN. To characterize the altitude of fin& interaction the keyword
FIXHEI®" (page 68) must be used, the shower axis is defined by the aRgESAP and PHIP
(pages 66 and 67). This externally treated first interacttarnts the clock by default (the key-
word TSTART (page 68) is disabled). Tlad-inputs-stfile in the run/ subdirectory is an
example input file for a run with STACKIN option.

To run a series of showers with fixed first hadronic interactiee keyword OUTFILE (page 70)
may be used (in a run without STACKIN option) to write out thegraeters of the secondary

56This option requires a C++ compiler and compiles only on LM&hd Mac-OSX machines.
5TWith the keyword FIXHEI the parameter N1STTR defining theetyqf the first target should be set to 0
(random selection) as it acts on that secondary particletwiitreated first.
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particles to a file (see page 26) which is read-in later withSTACKIN option thus keeping
the first interaction independent of the used random seed.

The file containing the parameters of the particles has tpbeised by the keyword INFILE
(page 69) and is read in via the logical unit LSTCK (by defaBlt@age 22). The firstline is read
with free format (with a leading blank character) and cargdhe number of secondaries and
the primary energy. The following lines are read with thexat (215,4(1X,E15.7)) containing
current particle number, particle type (see Table 4 page¢, 1atal energy (GeV), longitudinal
momentum (GeV/c), and transverse momenta (GeV/c). The m@anzge taken relative to the
direction of the shower axis (direction of the exotic pdefjc Theall-inputs-stackirfile in the
run/ subdirectory is an example input file.

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

3.5.34 TAULEP Option

In the standard CORSIKA program theleptons cannot be treated. The TAULEP option [46]
(as well as the CHARM option) enables the treatment ofrteptons, their decays are treated
by the PYTHIA package [31]. Therefore the PYTHIA 6.411 pagpkan thepythia/  sub-
directory is automaticly compiled and linked. The TAULERiop may be combined with all
high-energy interaction models.

All possible interactions (bremsstrahlung, pair produttnuclear interactions) of theleptons
are respected in a manner analogously totheptons. For the treatment of primary andz;
neutrinos the TAULEP (or CHARM) option has to be combined with NUPRIM option (see
page 52). For tracing back PYTHIA problems the PYTHIA keyd/@r available (page 106).

To obtain this program version the TAULEP option has to bedeld when extracting the
FORTRAN code from the source file. Please verify that the PYTHIA 6.phtkage in the
pythia/  subdirectory is correctly compiled and linked.

3.5.35 Option for THINNning

For primary energieds, > 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 reductjdi]) is introduced [57]. 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 lois formalism may be found in
Refs. [17, 57, 64].

A further improvement [65] to reduce undesired statistittaituations of particle densities far
from the shower core uses a limitation of the weights. Pagiemerging from an interaction
which would exceed a specified weight limit are excluded frbwa thinning algorithm. Us-
ing different weight limits for em-particles and hadronicoluding muonic) particles enables
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a drastic reduction of computing time, if the user’s inteiesfocused onto a precise lateral
distribution of muons on the expenses of larger fluctuatairtee em-part.

A third algorithm to save space on disks reduces the numbpanticles close to the shower
core where anyway the detectors will saturate. Particlagirag at the detector level within
a selected core distaneenar are selected at random with a probabilityob oc (r/rmaz)?
and, when surviving, 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 94 and Sect. 10.6 page 138jpno
the 'datnnnnnn.lhbook file generated in the ANAHIST, AUGERHIST and/or MUONST
versions. The radial thinning is disabled when the CORECUToop8 used.

Via the keyword (page 83)

THIN EFRCTHN WMAX RMAX

you may specify the energy fraction EFRCTHN of the primary gpdselow which the thinning
process becomes active. Above this energy no thinning akk tplace. WMAX gives the
maximum weight facto?, which should not be exceeded. The core distance up to whieh t
radial thinning at detector level takes place is specifieRBAX.

Via the keyword (page 84)

THINH THINRAT  WEITRAT
or the keyword (page 85)
THINEM THINRAT WEITRAT

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

THINRAT =, /ey, and  WEITRAT = WMAX.,,/;WMAX 4,

which are set to 1 by default.

Eih none 10° 10 107* 10°°
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 thinning levels, withoutcagipn of
weight limits and radial thinning.

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 estabtisvith default CORSIKA

58To ensure the surviving of enough particles close to the shawis RMAX should be chosen not too large.
In case of a primary energy spectrum (ULIMET LLIMIT) the value of WMAX is used for the low energy
end of the energy interval and slides to higher values agogsith the sliding primary energy.
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parameters (QGSJET option, EGS4 activated) for vertiaatioprinduced showers df'® eV
primary energy (DEC 3000/600 AXP withir5 MHz), with e, leyn,.,, = 1, with infinite
weight limit, and without radial thinning. As to each paldi@an appropriate weight must be
attributed, the output format described in Sect. 10.2 (d&§eff.) has to be changed to incor-
porate this additional parameter of each particle. Consetyu&PATAP and MCETAPoutput
data generated with the THIN option differ from those generated in simulations without this
option (see also Sect. 10.2.3 page 128).

An optimum choice of the various thinning parameters depem the information which
should be drawn from the simulations. To minimize the adddi fluctuations (caused by
the thin sampling algorithm) for muonic particle densits$arge distances 300 m from the
shower core - which is one of the problems of the Auger expamim a suitable setting [65] of
WEITRAT would be

WEITRAT ~ 100

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

WMAX = EFRCTHN - Ej.

Theall-inputs-thinfile in therun/ subdirectory is an example input file for a run with THIN
option.

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

3.5.36  TRAJECT Option

The TRAJECT option selects the zenith and azimuth angles inrmenahat a gamma (or
neutrino) source is followed along its trajectory in the.ske angles selected by this option
override the angle selection according to the VIEWCONE (sext. 8¢5.38 page 61), VOL-
UMEDET, and VOLUMECORR (see Sect. 3.5.39 page 61) optionslectsl by the keywords
THETAP (page 66) and PHIP (page 67). This option is activdiedbled by the keyword
TRAFLG (page 100). The keywords SRCPOS (page 100), TRATM (pad IQLAT (page
101), and TLONG (page 101) specify the position of the souraguatorial coordinates, the
time information on the observation, and the latitude amgjitude of the observing telescope
on the globe. The total observation time given by the paramEDURATION of the keyword
TRATM (page 101) specifies the span of the trajectory. This gpatains the number of events
defined by the keyword NSHOW (page 65).

As the CORSIKA coordinate system refers to magnetic Northpthgnetic declination at the
telesope site must be specified by the keyword GEODEC (pa)ddi0a correct transformation
from the equatorial coordinates to the CORSIKA coordinatéesys For extended sources (like
a nebula) moving in the sky a broader trajectory may be falbwy specifying a spread radius
with the keyword TRARAD (page 102).

A detailed description of the TRAJECT option is given in Ref.][@hich gives also an illus-
trative example.
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To obtain this program version the TRAJECT option has to bectsdewhen extracting the
FORTRAN code from the source file.

3.5.37 UPWARD Option

The UPWARD option selects code which treats the upward tirayegdarticles. 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 option (@d®). This enables to
start showers with arbitrary zenith angl&s< ¢ < 180° and secondary particles with arbitrary
zenith angles are followed. [63].

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 69) and defines the
geometry completely. The zenith angle at the entrance let@tmosphere is calculated with it.
The angles THETPR) (see keyword THETAP page 66) have no meaning and are odermid
The keyword IMPACT may be combined with the keywords FIXHEagp 68) or FIXCHI
(page 68) to start the shower before reaching the minimuitogét of the shower axis.

For showers with zenith angles 90° (e.g. initiated by neutrinos, page 52) the starting point
of the shower rsp. the first interaction must be defined by #yevkrds FIXHEI (page 68) or
FIXCHI (page 68); in this case the observation level (page®®t 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 has teddected when extract-
ing the FORTRAN code from the source file.

3.5.38 VIEWing CONE Option

The VIEWCONE option enables the generation of showers witminviewing cone of e.g. a

Cherenkov telescope. Around the fixed incidence angle debyddHETPR(1) and PHIPR(1)

(page 66) a (hollow) cone is defined with its tip pointing todsthe detector. The inner and
outer limiting angles of this cone are defined by the keywdeWCONE (page 67). The zenith
angular dependence of the chosen detector geometry (se8S5e89 below) is maintained for
flat horizontal rsp. spherical detectors, while the VOLUMBRIO 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 to bectetl when extracting the
FORTRAN code from the source file.

3.5.39 VOLUME DETector and Vertical String Geometry Options

With this options it is possible to select at random the feaitgle in a manner which respects
the geometrical acceptance of the detector.
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Thedefault primary intensity distributiod goes with the zenith anglelike
I o< sinf - cost

The sin term respects the solid angle element of the sky, whiledkéerm takes the geometri-
cal efficiency of a flat horizontal detector into accdinThis 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 distrioan / goes with the zenith angle
like
I o sind

respecting only the solid angle elements of the sky. Thips@priate for detectors of approx-
imated spherical geometry, e.g. atmospheric Cherenkoscapes. 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 distrilout is a more complicated
function of the zenith angle, which respects the geometgylohg vertical string detector (e.g.
AMANDA [67] or ICECUBE [55] experiment and other neutrino tetepes) with a ratio of
[/d =length/diametepf the sensitive volume. The functional form of the zenithlardistribu-
tion becomes

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

The I/d ratio (defining the DETector ConFiGuration) has to be read smgi the keyword
DETCFG (page 93).

The VOLUMECORR option cannot be combined with the VIEWCONE aptio

To obtain these program versions the VOLUMEDET rsp. VOLUMBZFOoption has to be
selected when extracting theRTRAN code from the source file.

3.6 Combination of Options

In principle most options may be combined. EP@8XuUs, QGSJET, and SIBYLL are tested
only with UNIX work stations. You can not select more than dmgh-energy and one low-
energy hadronic interaction model at a time. In principleombination of NUPRIM with all
hadronic interaction models is possible (page 142). The CObliion can only be used with
the high-energy interaction models EPOS, QGSJET, QGSKIBIYLL in combination with
any low-energy interaction model. The CHARM option makes samdy with the interaction
models QGSJETO01d, or SIBYLL (with EPOS in preparation), dg these interaction models
are producing charmed particles explicitely.

The EHISTORY option cannot be combined with the PARALLEL op8, as identical posi-
tions in several arrays are used in these two options for teieip different purposes. The

60Selecting 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 specifiedégs< 6 < 6, with §; < 90°
and90° < 6, the zenith angle is selected at random from NN 180° — 65) < 6 < MAX (61, 180° — 65).
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combination of PRESHOWER with NUPRIM makes no sense as yourgoyimmay be either a
high-energy gamma ray or a neutrino. Neither PRESHOWER norRIMAnay be combined
with STACKIN. The COASTUSERLIB, COREAS, INCLINED, and ROOTOUT apts can-
not be combined with the COMPACT option, nor with histogramgua@ing options ANAHIST,
AUGERHIST, INTTEST or MUONHIST.

The combination of INTTEST with PLOTSH or PLOTSH2 is not reaable as inthe INTTEST
option the development of showers is suppressed. Also a icatidn of INTTEST with
ANAHIST, AUGERHIST, COREAS, CURVED, EHISTORY, INCLINED, MUONHT, PRE-
SHOWER, STACKIN, or THIN gives no sense, as you are simulatisg fjoe first interaction
without development of a complete shower. A combinatiommWwPWARD makes no sense as
in INTTEST anyway all upward going particles are respectBide combination of NUPRIM
with INTTEST is not supported. The combination of FLUKA witRTTEST is not foreseen.
IACT is only possible with CERENKOV; IACT and ATMEXT have been s only with
UNIX computers. VOLUMEDET and VOLUMECORR exclude each otles,you may use
only one detector geometry at a time. Similarly INTCLONG an@GLONG are excluding
each other.

As in the CEFFIC option the atmospheric absorption is treatdylin a manner suited for planar
atmospheres, you should not combine the CURVED option withF’IEFThe combination
of VOLUMECORR with VIEWCONE is not supported. The AUGERHIST opticannot be
combined with the IACT, CURVED, INTTEST, PLOTSH, or PLOTSHZiops.

DYNSTACK is not tested with any parallel execution model, ABIEHIST and COAST. It is
not possible to use the ICECUBE1 extensions in combinationth@DYNSTACK option.
Using the./coconutscript file (see Sect. 2.3.2 page 16) conflicting optionsradtecated and will
be avoided automatically.
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4 Steering of the Simulation

The simulation of air showers is steered by commands (keysydhat 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 los&se 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 minimwnéplank. The last argu-
ment may be followed by comments up to column 512. Additimemhments may be given on
separate lines with the first 6 characters (the keyword) lBigpik, with the first characteraor

a Cfollowed by a blank, or with the first charactexaln the IACT option (page 38) the lines
starting with 'IACT ' are treated additionally as commengg Internally all characters includ-
ing the keywords are converted to upper case charactergpiettee characters following the
keywords EPOPAR, DATDIR, DIRECT, HISTDS, HOST, IACT, INFILE, NIPAR, TELFIL,
and USER. If you want to specify one of these character argtsrigna 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 settingheir descriptions, and their limita-
tions are listed in the following.

As CORSIKA is primarily designed to simulate EAS in the energggel0!'! eV to some
10%° eV the code contains parameterizations and approximatidish 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, 1), Default = 1

NRRUN : Run number of this simulation. This number is used tanfpart 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 wilhgenber
SHOWNO+1 and so on.

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

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

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

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

At present at mosk = 7 sequences are used: Sequence 1 for the hadron shower, 2 for th
EGS4 part, 3 for the simulation of Cherenkov photons (onlyJBRENKOV option), 4 for the
random offset of Cherenkov telescope systems with respeélseofnominal positions (only for
IACT option) rsp. for the offset scattering of the core relatio the Auger detector (AUGER-
HIT option), 5 for the HERWIG routines in the NUPRIM option, & fine PARALLEL option,

and 7 for the CONEX option. Their activation follows the seoge of occurrence of the key-
word lines. The sequences 9 14 are activated by the keyword MSEED (see Sect. 4.55 page
86).

At minimum 2 seeds should be activated.If not sufficient seeds are activated, the default
values are taken.

The use of ISEEDX; k) > 0 and especially of ISEED( k) > 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 ISEEIB].

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

Limit (to get independent sequences of random numbers)<SISEED(L, £) < 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.
Limit is: NSHOW > 1

4.5 Primary Particle Definition
PRMPAR PRMPAR(0)

Format = (A6, ), Default = 14

PRMPAR(0) : Particle type of the primary particle. See Tablg@dge 114) for the particle
codes.

Limits are: 1< PRMPAR(0)< 5656 . Vector mesons, resonances, and charmed particles are
excluded because of their short life time. Primary neusrican only be used in the NUPRIM
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option (page 52). 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.

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 partidlenass.

Limits are: For primary nuclei LLIMIT> HILOW (by default 80 GeV/nucleon for nuclei, see
page 80); below this limit a simple superposition model isdus

For primary photons and electrons ULIMK 1.E11 GeV (but keep in mind that no LPM-effect
Is included in NKG!). For primary hadrons and nuclei no uplpeit is recommended, buhe
user should take care not to over-stretch the selected hadnic interaction model. See also
Ref. [26]. It is recommended for HDPM: ULIMIK 1 -10® GeV and for VENUS: ULIMIT

< 2-107 GeV.

This keyword is not available in the STACKIN option.

4.7 Slope of Energy Spectrum
ESLOPE PSLOPE

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

PSLOPE : Exponent of differential primary energy spectrum. The primary eryaggtaken at
random from an exponential energy spectrum of the fafffdE, o« E;. PSLOPE has no
meaning in case of fixed primary energy. The energies arbgiogagies 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., 0.
THETPR(1) : Low edge of zenith angle range of primary part{oie®).
THETPR(2) : High edge of zenith angle range of primary paet{ah °).
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The zenith angle is selected at random out of this interval manner which respects equal
particle fluxes from all solid angle elements of the sky anégistration by a horizontal flat
detector arrangeméhnt THETPR is the angle of incidence at a horizontal detectbBiE TPR()

= 0. is vertical. If THETPR(1) = THETPR(2), the zenith angle i®fl at this value.

Limits®? are: 0< THETPR() < 70.

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

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

PHIPR(1) : Low edge of azimuth angle range of primary partfici€).

PHIPR(2) : High edge of azimuth angle range of primary pat{oi °).

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

If PHIPR(1) = PHIPR(2), the azimuth angle is fixed at this valber ¢ = 0° the shower axis
points to magnetic North, fas = 90° it points to West, see Fig. 1 (page 112).

Limits are: -360.< PHIPR(¢) < 36093,

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. 3.5.38 page 61) selects thetidineof primaries in a circu-
lar cone around the fixed primary direction THETPR(1) and F{IB (page 66) with the inner
opening VUECON(1) and the outer opening VUECON(2). The zeaithular dependence of

51In the case you use a volume detector (sphere) or a vertitgldwing detector instead of a flat horizontal de-
tector, you should respect this by selecting the preprocegtion VOLUMEDET (for sphere) or VOLUMECORR
(for vertical long string) to get the angular dependencdefshower intensity as observed with such detectors (see
Sect. 3.5.39 page 62).

52The zenith angle limitation is recommended for the stan@MRSIKA version because of some approxima-
tions made in subroutindKG. At 8 > 70° also the curvature of the Earth’s surface must be taken rdoumnt.
For large zenith angles you should use the CURVED optiond g&g.
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 limitedrl0.< THETPR() < 180.
For the CURVED option combined with the UPWARD option THET®PHas 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 [63, 68]. The keyword
IMPACT (page 69) for skimming horizontal showers overridétETPR().

63In the output file the correspondirgof each shower is given in the range#,r] radian.
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the selected detector geometry is maintained for flat hot&édasp. spherical detectors (see
Sect. 3.5.39 page 61).

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.

4.11 Starting Grammage
FIXCHI THICKO

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

THICKO : The starting altitude (in g/ctnmass 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 staytaltitude must be below the
observation level (page 61).

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 arrivafrte scale. If TMARGIN = .false.,
the first interaction starts the clock. If TMARGIN = .true.gtlentrance into the atmosphere
(rsp. THICKO, see above) is taken for starting the internatkl Additionally, the ionization
energy loss, the deflection within the Earth’s magnetic fialtl the generation of Cherenkov
photons is enabled for charged hadronic or muonic primametheir path between entering
the atmosphere and the first interaction, which otherwidesabled in the standard version (for
the CERENKOV, CURVED, and SLANT options see page 36, 46, rsp. 5@) TMARGIN =
.true. the height of the first interaction is written negatio element 7 of the event header block.
This keyword is not available in the CONEX, CURVED, SLANT, or/A&JKIN options, but is
set and used by default as .true.; TMARGIN is set .true. byulefa the CERENKOV and
IACT options, but it may be overwritten using the keyword.

4.13 First Interaction Definition
FIXHEI FIXHEI  N1STTR
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Format = (A6, F, 1), 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. IKIHEI = 0., the height of the first
interaction is varied at random according to the appropmagan free path. In case of unstable
hadronic primaries and fixed height the first interaction nilt be a decay. The fixed height
must be above the lowest observation level. If FIXHEO. is set, the starting grammage FIX-
CHI of the primary is not effective (see Sect. 4.11 above).

In the CURVED option the keyword FIXHEI cannot be used for emnmpry particles.

In the UPWARD option with an upward primary particle the staytaltitude must be below the
observation level (page 61).

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

N1STTR : Fixes the target of the first interaction: 1 = Nitrng2 = Oxygen, 3 = Argorglse =
random selection according to the atmospheric abundaites.option is only applicable for
high-energy hadronic primaries, i.e. primaries with anrgpg@er nucleon o, > HILOW
(see page 80). Also in the NUPRIM option it may be used.

With the STACKIN option one should select NISTTR = 0 as in tlasecit acts on that sec-
ondary particle which is treated first.

In case of unstable hadronic primaries and predetermingdttthe first interaction will not be
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., O.

HIMPACT(1) : Lower value (in cm) for minimum altitude of hooatal shower axis.
HIMPACT(2) : Upper value (in cm) for minimum altitude of hooatal shower axis. The actual
minimum altitude is selected at random out of this intervahwniform distribution. Zenith
angles given by the keyword THETAP (page 66) are overridgeadalculation from the actual
minimum altitude. See UPWARD option page 61.

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

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

4.15 Stack Input File Name
INFILE FILINP
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Format = (A6, A132), Defaults ="’

FILINP : File name to define the name and directory of the irfieicontaining the parameters
of secondary particles (see Sect. 3.5.33 page 57). Lower daracters of FILINP are not
converted to capitals. Please keep in mind that@®RFRAN an automatic expansion of UNIX
names like$HOME' is not possible, rather you should give the fully expandesenaf the
directory and file.

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

This keyword is only available in the STACKIN option.

4.16 Stack Output File Name
OUTFILE FILOUT

Format = (A7, A132), Defaults ="’

FILOUT : File name to define the name and directory of the aufipiwhich will contain the
parameters of the secondary particles produced in therftestaction. These particles are writ-
ten only if the file name is defined. If more than one showernsuated in one run, only the
secondary particles of the first interaction coming fromftrst shower are written, those from
the second and further showers are skipped.

These particles may be read in in a later CORSIKA-run estaddishith the STACKIN op-
tion (see Sect. 3.5.33 page 57). Lower case characters tfiFlare not converted to capitals.
Please keep in mind that inORTRAN an automatic expansion of UNIX names ligHOME’

is not possible, rather you should give the fully expandedaaf the directory and file.
Limitis: FILOUT must not begin with & (tilde) character.

This keyword is not available in the CONEX or STACKIN options.

4.17 Atmospheric Model Selection
ATMOD MODATM

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

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

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

MODATM = 2: AT115 Central European atmosphere for Jan. 153199

MODATM = 3: AT223 Central European atmosphere for Feb. 233199

MODATM = 4: AT511 Central European atmosphere for May 11, 1993

MODATM = 5: AT616 Central European atmosphere for June 163199

MODATM = 6: AT822 Central European atmosphere for Aug. 22,3.99

MODATM = 7: AT1014 Central European atmosphere for Oct. 149319
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MODATM = 8: AT1224 Central European atmosphere for Dec. 249319

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

MODATM = 10: Atmosphere as read in by keywords ATMA, ATMB, ATM@nd 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:
MODATM = 22:
MODATM = 23:
MODATM = 24:
MODATM = 25:
MODATM = 26:
MODATM = 27:
MODATM = 28:
MODATM = 29:

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 (MSISE)0
South pole atmosphere for January after Lipari.

South pole atmosphere for August after Lipari.

U.S. standard atmosphere as parameterized bigd(eer.
Malargie GDAS model for January after Will/Keilhauer.
Malargie GDAS model for February after Will/Keilhauer.
Malargie GDAS model for March after Will/Keilhauer.
Malargie GDAS model for April after Will/Keilhauer.
Malargie GDAS model for May after Will/Keilhauer.
Malargie GDAS model for June after Will/Keilhauer.
Malargie GDAS model for July after Will/Keilhauer.
Malargie GDAS model for August after Will/Keilhauer.
Malargie GDAS model for September after Will/Keilhauer.
Malargie GDAS model for October after Will/Keilhauer.
Malargie GDAS model for November after Will/Keilhauer.
Malargie GDAS model for December after Will/Keilhauer.

The various atmospheric models are described in Appendvagq 153 ff.).
Limits are:0 <MODATM < 29 ..

4.18 Atmospheric Parameters A(i)

ATMA AATM1  AATM2 AATM3  AATM4 (AATMS)

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

the same parameters as the U.S. standard atmosphere. TedoeitisATMOD =0 or 10.
Limitis: 0. < AATM5

4.19 Atmospheric Parameters B(i)

ATMB BATM1 BATM2 BATM3 BATM4
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Format = (A4, 4F), Defaults = 0., 0., 0., 0.

BATMi : B-parameters for 4 layers of atmospheric model # 0. frar5™" layer a linear de-
crease is assumed with the same parameters as for the Uh@arstaatmosphere. To be used
with ATMOD = 0 or 10.

Limits are: BATMi # 0.

4.20 Atmospheric Parameters C(i)
ATMC CATM1 CATM2 CATM3 CATM4  (CATMS)

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 # 0 (or5ftayers 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.

4.21 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 atrpberic model # 0 and # 10. A
value of 0. is adopted for the HLAY1. 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.

4.22 External Tabulated Atmosphere
ATMOSPHERE IATMOX  FREFRX

Format = (A10, |, L), Defaults =0, F

IATMOX : Use MODTRAN [42] atmospheric moddATMOX = i (in terms of density and
refractive index) instead of CORSIKA built-in model. This ves a file namedtmprof .dat.
MODTRAN model atmospheres supplied with the *bernlohr’ pegdk 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 folMiA&IC Cherenkov telescope on
La Palma the summer (7) and winter (8) atmospheres[69] gplisd. The atmosphere (9)
gives the winter atmosphere at the South pole. User suppigtkls are possiblé ¢ 9).
FREFRX : If .true., the atmospheric refraction for Cherenkowatphs is taken into account (for
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plane-parallel atmosphere); if .false., refraction isoiged. The value of this second argument
Is ignored if the CERENKOV option is not selected.

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

4.23 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 fieghd(T) to the x-direction of the
coordinate system (North) (see Fig. 1 page 112)

BZ : Is the vertical component of the Earth’'s magnetic field.(ir) 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 [70]. The value H ofzeomag corresponds with our BX, the value Z with our BZ.
For the orientation of the CORSIKA coordinate system see atpalfpage 112.

Limits are: BX, BZ# 0. .

4.24 Experiment Coordinates for Pre-Showering and CONEX
GCOORD GLONG  GLATI GRFYEAR IPREPR IPRSTP

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

GLONG : Gives the geographical longitude (inWest length is negative) of the experiment.
GLATI : Gives the geographical latitude (tn South latitude is negative) of the experiment.
GRFYEAR : Gives the year of the experiment (the magnetic felhrying with time). These
coordinates are used to calculate the magnetic dipole fiegltedEarth’s globe above the atmo-
sphere of the experiment’s position in the case of a pre-showduced by ultra-high energetic
primary photons. The default values give the position coates of the southern Pierre Auger
Observatory at Malakge (Argentina) for the year 2003.

IPREPR : Print indicatdf: IPREPR< 0 disables pre-shower printing; IPREPR = 1 prints de-
tails of pre-shower in case of MAXPRT (page 93) or DEBUG (p408); 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 CONEX or PRESHOWER options

64The print statements within the PRESHOWER C-routines wrilly to the standard output. A redirecting of
the standard output to a logical unit differing from 6 (segvikerd OUTPUT page 95) usually will not affect the
output of the PRESHOWER C-routines.
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4.25 EPOS Selection Flag
EPOS FNEXUS  ISHON

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

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

ISHON : Determines amount of debug output for the EPOS restiWith increasing number
ISHON > 0 the output becomes more and more detailed. This outputappa 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 24).

Limits are:0 < ISHON < 9.

This keyword is only available in the EPOS option.

4.26 EPOS Parameters

EPOPAR parcha

Format = (A6, A74), Defaults ="~

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

The possible command lines are described in the EPOS docatioen Use lower case charac-
ters. Lower case characterspdrchaare 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 users (note
that./hc is automatically added at the end of relevant file naffies)

This keyword is only available in the EPOS option.

65A typical EPOPAR input looks like:
EPOPAR input “corsika-75700/epos/epos.param
EPOPAR fname inics “corsika-75700/epos/epos.inics
EPOPAR fname iniev “corsika-75700/epos/epos.iniev
EPOPAR fname inihy “corsika-75700/epos/epos.inilb
EPOPAR fname inirj “corsika-75700/epos/epos.inir;
EPOPAR fname initl “corsika-75700/epos/epos.initl
EPOPAR fname check “corsika-75700/epos/epos.check
EPOPAR fname histo “corsika-75700/epos/epos.histo interaction test only
EPOPAR fname data “corsika-75700/epos/epos.data ! fargdgiy only
EPOPAR fname copy “corsika-75700/epos/epos.copy ! fonglgibg only
EPOPAR fname log “corsika-75700/epos/epos.log ! for dgimggonly
EPOPAR printcheck screen ! for debugging only.
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4.27 EPOSIG Selection Flag
EPOSIG FNEXSG

Format = (A6, L), Default =T

FNEXSG : If .true., the EPOS high-energy hadronic crossises 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.

4.28 NEXUS Selection Flag
NEXUS FNEXUS  ISHON

Format = (A5, L, ), 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-ggynbadronic interactions.

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

For more information look into th&lEXUs 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 24).

Limits are:0 < ISHON < 9.

This keyword is only available in the NEXUS option.

4.29 NEXUS Parameters
NEXPAR parcha

Format = (A6, A74), Defaults ="’

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

66 A typical NEXPAR input looks like:
NEXPAR fname inics “corsika-75700/nexus/nexus.inics
NEXPAR fname iniev “corsika-75700/nexus/nexus.iniev
NEXPAR fname inirj “corsika-75700/nexus/nexus.inirj
NEXPAR fname initl "corsika-75700/nexus/nexus.initl
NEXPAR fname check “corsika-75700/nexus/nexus.check
NEXPAR fname histo “corsika-75700/nexus/nexus.hista irfteraction test only
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This keyword is only available in the NEXUS option.

4.30 NEXSIG Selection Flag
NEXSIG FNEXSG

Format = (A6, L), Default =T

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

This keyword is only available in the NEXUS option.

4.31 QGSJET Selection Flag
QGSJET FQGS LEVLDQ

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

FQGS : If .true., the qgsjet-11-04 (rsp. QGSJETO01d) rowtiaee 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 qgsjet-11-0dpr QGSIJETO01d) 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.

4.32 QGSSIG Selection Flag
QGSSIG FQGSSG

Format = (A6, L), Default =T

FQGSSG : If .true., the qgsjet-11-04 (rsp. QGSJETO01d) heglergy hadronic cross-sections are
used. If .false., the default cross-sections as describBei. [3] are used.

This keyword is only available in the QGSJET option.

NEXPAR fname data “corsika-75700/nexus/nexus.data !dbudging only
NEXPAR fname copy “corsika-75700/nexus/nexus.copy ! &ndjging only
NEXPAR fname log “corsika-75700/nexus/nexus.log ! forudgpng only
NEXPAR printcheck screen ! for debugging only.
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4.33 SIBYLL Selection Flag

SIBYLL FSIBYL ISDEBUG

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

FSIBYL : If .true., the SIBYLL 2.3 routines are used to treat thgh-energy hadronic interac-
tions. If .false., the HDPM routines are used to treat thé{g@gergy hadronic interactions.
ISDEBUG : Debug level; with increasing level the SIBYLL debogtput becomes more and
more detailed. This output cannot be redirected and alwaysaxs on unit 6. This debugging
becomes only actively, if CORSIKA debugging is activated by BEBUG flag (Sect. 4.108
page 105).

This keyword is only available in the SIBYLL option.

4.34 SIBSIG Selection Flag
SIBSIG FSIBSG

Format = (A6, L), Default =T

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

This keyword is only available in the SIBYLL option.

4.35 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-ggybadronic interactions.

ISHOO : Determines the amount of debug output for VENUS rmsi With increasing num-
ber ISHO0> 90 the output becomes more and more detailed. This outpeaappn the unit

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

Limits are:0 < ISHOO < 98.

This keyword is only available in the VENUS option.

4.36 VENUS Parameters
VENPAR PARCHA(®)  PARVAL()

Format = (A6, A6, F), Defaults =’ ", 0.
PARCHA() : Name of VENUS parameter to be changed.
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PARVAL(7) : New value of VENUS parameter to be changed.

A maximum ofi = 100 VENUS parameters may be set by the user in arbitrary sequé@ihee
available names and their meaning may be taken from thedisti subroutineenins.

The VENUS parameters should not be changed by standard users

This keyword is only available in the VENUS option.

4.37 VENSIG Selection Flag
VENSIG FVENSG

Format = (A6, L), Default=T

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

This keyword is only available in the VENUS option.

4.38 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) or is calculated as an average value (NFLAND).

NFLDIF : No diffractive interactions are allowed in case afrmathan 1 interaction in the target
(NFLDIF = 0) or diffractive interactions are possible (NFLE2#£ 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 targétfes are allowed (NFLCHE

= 0) or inhibited (NFLCHE# 0).

NFRAGM : A primary nucleus fragments at the first interactiampletely into free nucleons
(NFRAGM = 0) or successively by assuming that the non-intergaucleons proceed as one
new nucleus (NFRAGM = 1). This new nucleus may evaporate ousler alpha-particles with
a transverse momentum distribution according to experiat@lata [71] (NFRAGM = 2, de-
fault) or with a transverse momentum distribution accagdm Goldhaber’s theory [72] using
0.090 GeV/nucleon as the average transverse momentum (NFRAGMNFERAGM = 4 gives
identical fragments as NFRAGM = 2 or 3, but without transvensgnenta.

The NFRAGM flag is used also to steer the fragmentation in thi®ws interaction models
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as described for the HDPM routines. EPO&XUs, and VENUS use the same evaporation
model as HDPM with the same meaning of NFRAGM, while SIBYLL an@&JET deliver
themselves realistic nuclear fragments with accordingstrarse momenta; they are selected by
NFRAGM > 2. Limits are: 0< all flags < 100

4.39 Neutrino Interaction Type Selection
NUSLCT  NUSLCT

Format = (A6, 1), Default = 2

NUSLCT : Selects the type of the primary neutrino interacti®rs neutral current interaction,

1 = charged current interactiofl,se = type of interaction is selected at random according to the
interaction cross sections for the two processes.

This keyword is only available in the NUPRIM option.

4.40 Charm Interaction Cross Section
SIGMAQ SIGMAQ(i), i=1... 4

Format = (A6, F4), Defaults = 0., 0., 0., 0.

SIGMAQ() : The interaction cross-sections for charmed mesons (1), charmed baryons
(: = 2), bottom mesonsi(= 3), and bottom baryons & 4) are specified. For SIGMAQ) =
0., the parameterizations of Ref. [45] are used; for SIGMAG 0., the energy independent
cross-section of SIGMAQYJ is used for the corresponding projectile.

Limits are:0. < SIGMAQ().

This keyword is only available in the CHARM option.

4.41 Charm Interaction Selection

PROPAQ PROPMOD

Format = (A6, 1), Default = 1

PROPMOD : If setto 1, the PYTHIA extension [45] is used to ttée interactions of charmed
projectiles.

If set to 0, the QGSJETO1d interaction model is used to tteatriteractions of charmed pro-
jectiles.

Limits are:0 < PROPMOD< 1.

This keyword is only available in the CHARM option in combiratiwith the QGSJET option.
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4.42 Transition Energy between Models
HILOW HILOELB

Format = (A5, F), Default = 80.

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

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

4.43 Electromagnetic Interaction Steering Flags
ELMFLG FNKG  FEGS

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

FNKG : If .true., the NKG option is switched on for calculajinhe electromagnetic sub-
cascades analytically. For the electron kinetic energgsiiold the value of ELCUT(3) is taken
(keyword ECUTS page 87). If .false., the NKG option is disdtile

FEGS : If .true., the EGS4 option is selected to calculatitdractions ok*, e, 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 and PRESHOWER options this flag is obsolete as E&S#lected auto-
matically.

The two options may be selected or disabled independentheatame time.

4.44 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 [1X]detailed discussion on the use
of the step length is given in [35]. An enlargement of thistéaenay be tolerated to reduce
computing time, but simultaneously the electron laterstrdiution on ground becomes slightly
narrower. With STEPFC = 10. the CPU-time is reduced by a famfter 1.7 (relative to the

67With the INTTEST option the default value of this border istatGeV rsp.101 GeV, depending whether a
high- or low-energy hadronic interaction model should tsa@. For testing of EPOSIEXUS, QGSJET, and
VENUS the default value is set to 49 GeV, for SIBYLL to 60 GelMibne of those models is selected, the default
value is set to 101 GeV to test the models FLUKA, GHEISHA, oQWD.

68In 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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default value). A reduction of STEPFC will increase the catimg time considerably, e.g with
STEPFC = 0.1 by a factor ot 5.
Limits are: 0.< STEPFC< 10.0

4.45 Radius of NKG Lateral Range
RADNKG RADNKG

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

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

Limit is: RADNKG > 100.

4.46 Flags for Simplified CONEX Threshold Management
CASCADE FCXCAS FCXLCE FCXGHE

Format = (A7, 3L), Defaults =T, F, F

FCXCAS : If .true. optimized parameters are used to run in loyimode (MC+CE+MC) with
full 3D information. Muons are fully tracked in MC. If .fals¢éhe cascade equations are disabled
below the high-energy thresholds and only MC is used.

FCXLCE : If .true. default parameters are used to run in hybradien(MC+CE) with full 3D
information for muons only. For hadrons and e/m particlesy 4D informations are relevant
(longitudinal profile and energy distribution of particlesground). Muons are fully tracked
in 3D in MC. If .false. optimized sampling weights are used ua MC below the default
low-energy thresholds. Weights defined by THIN keyword asedufor thinning in CONEX
and sampling weights are used as thinning weights in CORSIkea [RCXCE in Sect. 4.49
page 83).

FCXGHE : If .true. default parameters are used to run in hyimede (MC+CE) for all particles.
Only 1D informations are relevant (longitudinal profile agergy distribution of particles at
ground). If .false. optimized sampling weights are useditoMC for muons below the default
low-energy thresholds. Weights defined by THIN keyword asedufor thinning in CONEX
and sampling weights are used as thinning weights in CORSIA BCXCE in Sect. 4.49
page 83).

Limits are: Only the combinations of the three flags T T T, T TI F, or F F F are allowed.
Notes This keyword should be used if the user wants to selectyediierent hybrid mode. In
particulars the first MC part of the shower is not changed langmg the value of CASCADE
(or even by introducing this command), thus a shower withsidn@e longitudinal profile can
be calculated with different speed and precision (1D or 3@)e 7** SEED sequence is not
changed of course.
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The sampling weights are adjusted to get a good compromisesbe precision and speed. If
ECUTS are defined below CONEX limits (1 GeV for hadrons and mamis1 MeV for e-m
particles), low energy MC (T F F but with larger weight and éthreshold) is automatically
switched on for the relevant part of the shower and to gebrestse precision in 1D, but it will
be necessary slower than default T T For T T T mode. To be alvtkproduce a given shower,
ECUTS should not be changed while changing CASCADE configuratio

To get the fastest simulation for any ECUTS see the keyword CRR 81 Sect. 4.50 page 83.
It is recommended not to use this keyword together with the ©3R or CXWMX keywords
since it redefines some of the parameters.

This keyword must not be called after the energy cuts areelk({see keyword ECUTS Sect. 4.58
page 87).

This keyword is only available in the CONEX option.

4.47 Thresholds for CONEX Cascade Equations
CONEX CXTHR(1) CXTHR(2) CXTHR(3)

Format = (A5, 3F), Defaults = 1.E-3, 1., 1.E-4

CXTHR() : Fractions of primary energy above which the shower pladiare treated individ-
ually by Monte Carlo methods. Below these thresholds cascquatiens treat the particles.
These thresholds apply to hadrons (1), muons { = 2), and electrons/photons< 3).

Limits are: 0.< CXTHR() < 1.

This keyword is only available in the CONEX option.

4.48 Thresholds for Transition from CONEX to CORSIKA
CX2COR CXMCT(1) CXMCT(2) CXMCT(3) CXMCS

Format = (A6, 4F), Defaults = 3.E2, 1.E20, 1.E1, 4.E2

CXMCT(¢) : Thresholds (in GeV) below which the particles are tramsfdfrom CONEX back

to the CORSIKA stack. These thresholds apply to hadrerms), muons { = 2), and elec-
trons/photonsi(= 3).

CXMCS : Minimal vertical depth (g/cA) above observation level below which the transfer of
particles from CONEX to CORSIKA treatment is started.

Limits are: 0.< CXMCT(:) < 1.E20; 0.< CXMCS < 1.E20

In the CONEX option this keyword has to be called after the lk@yWCASCADE T F F (see
Sect. 4.46 page 81) is used to be effective, but it is bettieionase it with CASCADE keyword.
This keyword is only available in the CONEX option.
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4.49 Weight Sampling for CONEX

CXWMX  CXWMT(1) CXWMT(2) CXWMT(@) FCXWMX FCXCE

Format = (A5, 3F, L), Defaults =-1., -1.,-1., F, F

CXWMT(7) : Factors (GeV') to be multiplied with the primary energy to get maximal sam-
pling weights for particles transferred from CONEX to CORSIKPhese factors apply to
hadrons { = 1), muons { = 2), and electrons/photons € 3). For negative or zero values
of CXWMT (z) the CORSIKA thinning weight limits (see Sects. 4.51, 4.521 4153) are taken
as sampling weights too.

FCXWMX : If .true. forces the usage of CONEX sampling weight bisnalso in thinning (in
CONEX and CORSIKA) and these weight limits are determined Wwith@XWMT(;) factors.

If .false. and FCXCE = .false. the CORSIKA weight limits are usedhanning weights for
both CONEX and CORSIKA (see Sect. 4.46) and forces the usage QIANEX weight limits
also in CORSIKA.

FCXCE : If .true. forces the usage of CONEX sampling weight knaiso in thinning for COR-
SIKA only and these weight limits are determined with the CXWW) Tactors. The CORSIKA
weight limits are used as thinning weight for CONEX only. If FCXS = .true. (see Sect. 4.46)
forces FCXCE to be .true.

Limits are: -1.< CXWMT(z) < 1.

In the CONEX option this keyword has to be called after the ke@i'CASCADE (see page 81)
is used to be effective, but it is better not to use it with CASEAkeyword.

This keyword is only available in the CONEX option.

4.50 CONEX without CORSIKA

CORSIKA FCORS

Format = (A7, L), Defaults =T

FCORS : If .true. allows CORSIKA to run low energy MC. If .false. pdirticles which are
supposed to go into the CORSIKA stack are lost and only CONEXnswith CE going to the
minimum energy. This is equivalent to CASCADE T T T (see Sedit}but with no influence
of ECUTS.

This keyword should be used with care because only the lotigidl energy deposit profile is
valid. Even the X,,. fit based on the number of electrons could be biased becausé@d ECU
below CONEX limits are not taken into account. This keywordssful to get very fast 1D en-
ergy deposit profile. The change of FCORS doesn’t change théntiesactions of the shower
so with the same SEED the sameg,X for the energy deposit will be obtained.

This keyword is only available in the CONEX option.

4.51 Thinning Definition
THIN EFRCTHN  WMAX  RMAX

83



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

EFRCTHN : Factor,, which defines the energy fraction of the primary energy belwch
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 87), thinning
will not become active, but the particle output data strrectill contain the weight (= 1.) for
each particle.

WMAX : Weight limit for thinning. If the weight of a particle eeeds WMAX, no further
thinning is performe®.

RMAX : Maximum radius (in cm) at observation level within whiell particles are subject to
inner radius thinning. Particles are selected with prditgbir /rmaz)*. The weight of sur-
viving particles is multiplied by the appropriate factonygrse of probability). This thinning
neither affects the shower development nor the table outputhe histogram output of the
ANAHIST, AUGERHIST, or MUONHIST options, rather only the pigie output file written
onto MPATAP (and the Cherenkov output file written onto MCETABar RMAX < 0. no
radial thinning is applied.

If the keyword CORECUT (Sect. 4.57 page 86) is used with RCUU. the radial thinning
will not be effective in favour of the radial cutting.

Limits are: ULIMIT-EFRCTHN< 1 - 107 GeV (for ULIMIT see keyword ERANGE Sect. 4.6
page 66)0.1 < WMAX < 1-10% .

This keyword is only available in the THIN option.

4.52 Hadronic Thinning Definition
THINH THINRAT  WEITRAT

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

THINRAT : Defines hadronic thinning limit differing from entinning limit EFRCTHN by the
ratio of ey, /e, Which gives the ratio between the energy of the em-partislescified by
keyword THIN, see above) and the energy of the hadronicgbestbbelow which the thinning
algorithm becomes active for these particle species (seeSact. 4.51 above).

WEITRAT : Defines hadronic weight limit differing from em-wdiglimit WMAX by the
ratio™® of weight limit of em-particles to weight limit of hadronicapticles in case of thin-
ning (see also Sect. 4.51 above).

A simultaneous use of the keyword THINH together with THINE®/Mot tolerated and will
lead to an error stop.

Limits are: ULIMIT-EFRCTHN/THINRAT < 1-10” GeV (for ULIMIT see keyword ERANGE
Sect. 4.6 page 66);- 107 < WEITRAT < 1-10°.

This keyword is only available in the THIN option.

69See footnote page 59.
OIn the Slowenian thinning [65] aais defined which gives the inverse of WEITRAT. There the welighit
wWmae 1S defined for em-particles and from this the weight limit f@adrons and muons is derived byw, 4,
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4.53 Electromagnetic Thinning Definition
THINEM THINRAT  WEITRAT

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

THINRAT : Defines em-thinning limit differing from hadronibinning limit EFRCTHN by the
ratio ofeyy,,,, /e, ,, Which gives the ratio between the energy of the em-partaesthe energy
of the hadronic particles (specified by keyword THIN, seevahbelow which the thinning al-
gorithm becomes active for these particle species (seesalsb 4.51 above).

WEITRAT : Defines em-weight limit differing from hadronic wéiglimit WMAX by the
ratio™® of weight limit of em-particles to weight limit of hadronicapticles in case of thin-
ning (see also Sect. 4.51 above).

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

Limits are: ULIMIT-EFRCTHNTHINRAT < 1-107 GeV (for ULIMIT see keyword ERANGE
Sect. 4.6 page 66);- 10~* < WEITRAT < 1-10° .

This keyword is only available in the THIN option.

4.54 Multiple Thinning Definition
MTHINH EFRCTHN  WMAX  THINRAT  WEITRAT

Format = (A6, 4F), Defaults = 1.E-4, 1.E30, 1., 1.

This ketword has to appear once for each thinning mode to fieede At maximum up to 6
thinning modes are possible. Their sequence is arbitrary.

EFRCTHN : Factor,, which defines the energy fraction of the primary energy belwch
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 87), thinning
will not become active.

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

THINRAT : Defines hadronic thinning limit differing from entinning limit EFRCTHN by the
ratio ofeyy,,,, /e, ,, Which gives the ratio between the energy of the em-partaesthe energy
of the hadronic particles below which the thinning algaritbecomes active for these particle
species (see also Sect. 4.51 page 83).

WEITRAT : Defines hadronic weight limit differing from em-wdiglimit WMAX by the ratio

of weight limit of em-patrticles to weight limit of hadroni@pticles in case of thinning (see also
Sect. 4.51 page 83 and Sect. 4.52 page 84).

Limits are: ULIMIT-EFRCTHN< 1 - 107 GeV (for ULIMIT see keyword ERANGE Sect. 4.6
page 66);0.1 < WMAX < 1-10% ; ULIMIT -EFRCTHN/THINRAT < 1 - 107 GeV (for
ULIMIT see keyword ERANGE Sect. 4.6 page 66);10~* < WEITRAT < 1-10°.

"ISee footnote page 59.
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This keyword is only available in the MULTITHIN option.

455 Random Number Generator Initialization for MULTITHIN Modes
MSEED ISEED(i,j+8),i=1... 3

Format = (A5, 3I), Defaults 3 + 8, 0, 0

ISEED(l, 5 + 8) : Contains the seed of the random number sequgRreg .

ISEEDQ..3, 57 + 8) : Contain the number of cally;,, to the generator that are performed for
initialization such thatV;,, =ISEED, j + 8) + 10°-ISEED@, j + 8).

At present at most = 6 sequences are used to initialize the random generator segje- 8
for the {* MULTITHIN mode. Their activation follows the sequence oftaocrence of the key-
word lines.

The use of ISEEDY, j + 8) > 0 and especially of ISEEB(j + 8) > 0 should be avoided as
presetting the random number generator by billions of cedisds considerable computing time.
To get different random sequences it is sufficient to modsfigEED(, j + 8).

Limit (to get independent sequences of random numbers) is:< LUISEED(,;7 + 8) <
900 000 000 .

This keyword is only available in the MULTITHIN option.

4.56 Maximum Radius in Multiple Thinning
MTHINR RCUT

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

RCUT : Maximum radius (in cm) at observation level within whahparticles are discarded.
The value of RCUT is stored in the eventheader in EVTH(152).

For RCUT< 0. no particles are discarded.

RCUT overrides RMAX of the keyword THIN (Sect. 4.51 page 83).

This keyword is only available in the MULTITHIN option.

457 CORECUT Maximum Radius Cut
CORECUT RCUT

Format = (A7, F), Default = 0. (rsp. 200.E2 for AUGERHIT opt)on

RCUT : Maximum radius (in cm) at observation level within whedhparticles are discarded.
The value of RCUT is stored in the eventheader in EVTH(152).

For RCUT< 0. no particles are discarded.

RCUT overrides RMAX of the keyword THIN (Sect. 4.51 page 83).
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4.58 Energy Cut-Offs
ECUTS ELCUT(1) ELCUT(2) ELCUT(3) ELCUT(®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) (: = 1), muons { = 2), electrons{ = 3), and photons
(including7®'s) (i = 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
eliminate those parent particles which might decay to sgaones 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 for tK&Nalculation. In this case
an upper limit of ELCUT(3)k 0.08 is recommended.

In the CONEX option this keyword has to be called before thewked CASCADE (see
page 81) is used.

459 Time Cut-Off
TIMLIM DSTLIM  LTMLMPR

Format = (A6, F, L), Defaults = 1.D8, F

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

LTMLMPR : Flag which enables (T) or disables (F) printing @frpcles which exceed the time
limit.

Limitis: DSTLIM > O.

This keyword is only available in the CURVED option.

4.60 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 partchumbers for gammas (EGS4),
positrons (EGS4), electrons (EGS4), positive and negativens, hadrons, all charged, nuclei,
and Cherenkov photons (CERENKOV) is sampled. Moreover theatiatigal development of

"2For the INTTEST option: Defaults = 0., 0., 0., 0. and all lisdtre ELCUT(i)> 0.

TSELCUT(1) is used also for neutrinos in the NEUTRINO optiomthe FLUKA version ELCUT(1) should be
> 0.02 GeV; in the URQMD option ELCUT(1) should be0.3 GeV.

TELCUT(2) is used also for-leptons in the CHARM or TAULEP option.

87



the energy content in the various patrticle 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 118. To get the
sampling in slant depth instead of the (default) verticgitterou should use the SLANT option
(page 57). If .false., the longitudinal development is raohpled.

THSTEP : Vertical step width (rsp. slant step width in the $ITPoption) 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 pyimarticle (except the preprocessor
option SLANT has been selected). In the CURVED option the mim step size has to be
selected in a manner that no more than 14998 steps are neefdadst through the complete
atmosphere.

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

FLONGOUT : If .true. and LLONGI also .true., the longitudimastributions of particle num-
bers and energy deposit for the various particle groups ateewto the 'D AT nnnnnn.long’
file (see Sect. 10.5 page 132).

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 'DATnnnnnn’ in extra
'LONG’ sub-blocks (see Sect. 10.2, Table 6 page 120 and TEbfgage 129).

Limits are: 1.< THSTEP< 14998.

20. < THSTEP< 14998 for the SLANT option and horizontal incidence.

Normally only to the number distribution of all charged peles a function of the Gaisser-Hillas
type [73]

tmax —1tg

t—1ty a+bt+ct? tnaz —
N(t) = Npao () ()
*) tmaz — to N a + bt + ct?

is fitted to describe the dependence on the atmospheric deyith the resulting 6 parameters
Niaz, to, tmaz, @, b, @andc and thex? /dof are stored in the event end block. The longitudinal
development of the electromagnetic particles is only sathgl 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 ondy 10 levels. If neither EGS4 nor NKG is selected the
charged particle distribution contains only muons and gdadtadrons. 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 distribution bdfons is given in differential mode
(i.e. the number of photons generated within each step)fasiltleBy the preprocessor option
INTCLONG the integral mode is selected (i.e. accumulatedbemof generated Cherenkov
photons for each step) which needs additional computing.tifrboth kinds of the distribution
are of no interest, you may deselect the Cherenkov photonbdison completely by the pre-
processor option NOCLONG thus saving computing time.
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4.61 Muon Multiple Scattering Treatment
MUMULT FMOLI

Format = (A6, L), Default=T

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

4.62 Additional Electromagnetic Particle Information
EMADDI FEMADD

Format = (A6, L), Default =F

FEMADD : If .false., no additional information on electrogreetic (EM) patrticles 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 fharticle output file. Details
are similar to those given in Ref. [54] for muons in the EHISTYO8ption (Sect. 3.5.15 page
48). In case of em-particle primaries the additional phaticformation is suppressed (by auto-
matically setting FEMADD = .false.) as for the bulk of the grarticles no hadronic mother or
grandmother particles exists.

This keyword is only available in the EHISTORY option and mothe INTTEST option.

4.63 Additional Muon Information
MUADDI FMUADD

Format = (A6, L), Default = F

FMUADD : If .false., no additional muon information is wieith to particle output file. If .true.,
additional information on muons at their origin is writtemthe particle output file. This ad-
ditional muon information consists of 7 data words accaydmTable 10 (page 125) and pre-
cedes the corresponding muon particle on the particle otitpu The first data word contains
the particle identification 75 (for™) or 76 (for ~) combined with 3 digits of the hadronic
generation counter (instead of the 2 digits + 1 digit for otaggon level), which in this case
may differentiate between muons originating from K-decagr(hal generation counter) and
nt-decay (generation counter incremented by 50) and can gerlgran 100 in some case of
electromagnetic interation. To indicate clearly the et@oiagnetic origin of the muon (muon
pair production or photonuclear interaction in muon higtdine hadronic generation counter is
increased by 500. Thg” data word contains the altitude (in cm) of the muon birtheast of
time (see also Table 10 page 125).

In combination with the EHISTORY option (see Sect. 3.5.1§48) an extended additional
muon information is written to the particle output file. Irettombination of the MUPROD
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option (see Sect. 3.5.22 page 51) with the EHISTORY optienetktended muon information
Is written also for muons which decay or interact before h@ag the lowest observation level.
Details are given in Ref. [54].

This keyword is not available in the INTTEST option.

4.64 Additional Neutrino Information
NUADDI FNUADD

Format = (A6, L), Default = F

FMUADD : If .false., no additional neutrino information isritten to particle output file. If
.true., additional information on mother and grandmotlegirbns of neutrinos at their origin is
written to the particle output file. Details are similar tm$ie given in Ref. [54] for muons in
the EHISTORY option (Sect. 3.5.15 page 48). An extendedt@da@il neutrino information is
written to the particle output file.

This keyword is only available in the EHISTORY option and imothe INTTEST option.

4.65 Observation Level Definition
OBSLEV OBSLEV(i)

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 possiblé. Their
sequence is arbitrary.

In the UPWARD option (page 61) for upward going primaries theayvation level should be
chosen preferentially at the top of atmosphere, but at mimimnabove the starting point of the
shower. The value of OBSLEV has to be selected in a manneritéatiower axis crosses the
observation level.

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

In the CURVED option only one observation level can be defined.

4.66 Inclined Observation Plane
INCLIN XPINCL  YPINCL ZPINCL THINCL  PHINCL

7>Only 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 gkm
above sea level.

"6For atmospheric modelst MODATM < 9 and MODATM > 17 limits are:—1.E5< OBSLEV(i) < 112.8E5
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Format = (A6, 5F), Defaults = 0., 0QBSLEV (1), 0., 0.

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

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

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

THINCL : 6-angle (in deg) of normal vector of inclined observatiomngad = 0. points to the
zenith (opposite to Fig. 1 page 112) and defines a horizotaakp

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

All coordinates are defined in the standard CORSIKA outputdioate system (see Fig. 1 page
112) with its origin at the point where the shower axis hits skea level.

ATTENTION: CORSIKA discards all particles below the height of the loweéahdard ob-
servation level (see Sect. 4.65 page 90 for definition of OBHI.Eo as soon as the inclined
observation plane drops below the lowest standard (haaoobservation level, there will be
no particles recorded any more.

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

This keyword uses the COAST package and is availablgwhen the INCLINED option (see
page 26) in/coconuthas been selected.

Technically, the INCLINED option uses a particular COASTUSHRLbrary (Sec. 3.5.8 page
44), namelyinclinedPlane , Which is shipped with COAST in th€orsikaOptions  di-
rectory by default.

This keyword is only available in the INCLINED option.

4.67 Observation Level Curvature
CURVOUT FCURVOUT

Format = (A7, L), Default =T

FCURVOUT : If .true. the observation level is a sphere follogvithe 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 obfgiry(~7) in a Cartesian frame: definingand

¢ the spherical coordinates of the particle as

VX2 YR
REarth+H
¢ = atan2(Y’', X")

0 pu

with Rg., = 637131500 cm. At the observation levelH = OBSLEV (1)) the Cartesian
coordinates can be obtained usifg= (Rgqn, + H) - sinf  as

X = D-cos¢
Y = D-sin¢
Z = (REarth + H) -cosf — RE’arth
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If 6 is small (close to shower core) theX'(Y') = (X, Y) . If .false. the observation level is
considered as flat and particle position§ {) are defined in a Cartesian frame with the origin
(0, 0) at the core position. Particles are tracked only unti OBSLEV (1) in this Cartesian
frame (apparent height). As a consequence, far from the some particles can be discarded
before reaching the ground making a bias in the longituginadile. To avoid such a problem,
FCURVOUT = .false. is forbidden by default if the zenith angl®etween 85and 95.

As usually the Cherenkov detector geometries are smallii-@igRVOUT is set .false. in the
CERENKOV option.

The keyword=LATOUT = .not.FCURVOUT can still be used for backward compatihility
This keyword is only available in the CURVED option and nothe tANAHIST or AUGER-
HIST options.

4.68 Array Rotation
ARRANG ARRANG

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

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

Attention: The default value of ARRANG is set differently to -92°08the AUGERHIT op-
tion (see Sect. 3.5.5 page 42) is selected.

Limits are: -180.< ARRANG < 180.

4.69 Auger Detector Scattering
AUGSCT MAUGPOS DRADIUS DETDIS FTANKSHADOW  FANYMODE

Format = (A6, |, 2F, 2L), Default = 1, 35., 1500., .true., éru

MAUGPOS : Number of uses of each event for the Auger deteEmrMAUGPOS = 0 the scat-
ter positions are expected to be given via the keyword AUGESEe Sect. 4.70). For MAUG-
POS> 0 the scatter positions are taken at random employing the SQB@si-random gener-
ator [40].

DRADIUS : Half width (in meter) of the stripes in which the Auggetector rows are aligned.
DETDIS : Shortest distance (in meter) between two tanks er#éxagonal tank array.
FTANKSHADOW : Enable (=.true.) or disables (=.false.) theck whether a particle falls in
a tank shadow. One should select DRADIUS large enough for $traglows of very inclined
particles. The tank dimensions are fixed at 1.8 m radius ghchheight as used for the Auger
detectors.

FANYMODE : Enable (=.true.) or disable (=.false.) the chadkether a particle survives any
thin mode of the MULTITHIN option (see Sect. 3.5.20 page 51).

Limits are: 0< MAUGPOS< 20; DRADIUS > 0.; DETDIS> 0.
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This keyword is only available in the AUGERHIT option.

4.70 Auger Detector Scattering Positions
AUGHIT XSHCORE()) YSHCORE(i)

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

XSHCORE(i) : Detector position in x-direction (in meter) oktii" scattering relative to the
shower core.

YSHCORE(i) : Detector position in y-direction (in meter) oktii" scattering relative to the
shower core.

This keyword has to be activated by setting the parameter BROS = 0 of the keyword
AUGSCT (see Sect. 4.69). The positions have to be specifidteidetector coordinate frame
(with the positive X-axis pointing to East), the length srare meter. For each scatter position
its own input line is needed and up to 20 lines are toleratedlbitrary sequence.

This keyword is only available in the AUGERHIT option.

4.71 String Detector Configuration
DETCFG DETCFG

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

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

Limitis: DETCFG> 0.

This keyword is only available in the VOLUMECORR option.

4.72 Event Printout
MAXPRT MAXPRT

Format = (A6, I), Default = 10

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

Limitis: MAXPRT >0

4.73 Particle Printout
ECTMAP ECTMAP
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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.

4.74 Output Directory
DIRECT DSN

Format = (A6, A239), Defaults = 'anynameupto239charactters

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, MUONHIST,
or INTTEST options as the HBOOK routines use only lower casgadters. To suppress the
output you should use the keyword PAROUT and not/tev/null path which is not al-
lowed anymore.

If you want to write into the directory from where you are sitag your CORSIKA run, you
should give: DIRECT ./ or DIRECT '’ or DIRECT " " (a blank enclosed in
apostrophes or quotation marks). Please keep in mind tif&@RTRAN an automatic expansion
of UNIX names like SHOME' is not possible, rather you should give the fully expandaedea
of the directory ending with a / (slash) character.

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

4.75 Table Output
PAROUT FPAROUT  FTABOUT

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

FPAROUT : If .false., the particle output onto MPATAP is sopgsed. This might be of advan-
tage with the CERENKOQV option to suppress the particle outpribfit keeping the Cherenkov
output file (see Sect. 4.85).

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. 4.74 above).

4,76 Compact Output
COMOUT COMOUT

Format = (A6, L), Default=T

COMOUT : If .true., the particle output is written in COMPACT for(see page 44). If .false.,
the standard CORSIKA particle output is written.

This keyword is only available in the COMPACT option.
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4.77 Printer Output Unit
OUTPUT MONNEW

Format = (A6, 1), Default = 6

MONNEW : Logical unit of simulation control output on lineipter. Make sure that your se-
lection of MONNEW is not conflicting with existing definitiensee Table 1 page 24).

In the PARALLEL + PARALLELIB option the default value of MONNEWs changed to 89
for writing individual output files with names as thatfile seeds, see Ref. [60].

4.78 Data Table Directory
DATDIR DATDIR

Format = (A6, A132), Default ="./’

DATDIR : Can be used to specify a common directory, where CORSIIAtry 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 & (tilde) character.

4.79 Parameters for Parallel Treatment
PARALLEL ECTCUT ECTMAX MPIID FECTOUT

Format = (A8, 2F, I, L), Defaults = 1.E4, 1.E7, 1, F

ECTCUT : Threshold energy (in GeV) for subshowers. All paggclvith energies above ECT-
CUT will have a seed from theé6sequence of random numbers (see keyword SEED page 65).
ECTMAX : Maximum energy (in GeV) for a complete subshower.

MPIID : Identification number of the parallel task which wilé changed internally by MPI.
FECTOUT : If .true., particles with energy above ECTCUT are t@ntadditionally in an ex-
via shell scripting. These cut-files are written in binarydaeoFor the case of parallel runs via
MPI treatment this is optional and could be used for debuggirfor additional re-simulations
of secondary subshowers to escape re-running the wholdegiorufrom start/primary particle.
Those cut-files are written in ASCII.

This keyword has to be specified before the keyword CUTFILE &ect. 4.80 below) is used.
This keyword is only available in the PARALLEL optidn.

""The MPI-Runner [60] reads this keyword and transmits theraents to the subroutirersika
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4.80 Reading of Cutted Particle File for Parallel Treatment
CUTFILE CFILINP  IICUTPAR  I2CUTPAR

Format = (A7, A255, 2I), Defaults =" ’, 0, 0

CFILINP : Input file name for cut particles to be read into setetack.

ILCUTPAR : Index of first particle to be used for the actual run.

[2CUTPAR : Index of last particle to be used for the actual run.

This keyword™ has to be used when compilation is made with the PARALLEL opfiee

Sect. 3.5.25) to run parallel CORSIKA simulations distriloLiéth the help of shell scripts. It
must be used after the keyword PARALLEL (see Sect. 4.79 allvepeen specified.

This keyword is only available in the PARALLEL option, but rinterpreted by CORSIKA in
the PARALLELIB option with MPI.

4.81 Parameters of Cutted Particles for Parallel Treatment
CUTPAR CUTPAR(0...18)

Format = (A6, 192)
CUTPAR(O0...18) : Parameters (in hex. format) of particle todsed into the second stack.
This keyword is only available in the PARALLEL option, but notthe PARALLELIB option.

4.82 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-directiThe DCERX value has
no relevance in case of NCERX = 1.

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

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

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

The altitude of this array is at the lowest observation leuedr the definition of the X and
Y-directions see Fig. 1 (page 112) and keyword ARRANG (page 92)

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

This keyword is only available in the CERENKQOV option, but nothe IACT option for Cher-
enkov telescopes.
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4.83 Cherenkov Wavelength Band
CWAVLG WAVLGL  WAVLGU

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

WAVLGL : Lower limit (in nm) of the wavelength band for Cheremkradiation production.
WAVLGU : Upper limit (in nm) of the wavelength band for Cherenkradiation production.
Limits are: 100.< WAVLGL < WAVLGU < 700. (rsp. 2000 for the IACT option)

This keyword is only available in the CERENKOV, AUGCERLONG, or GBRHIST options.

4.84 Cherenkov Bunch Size Definition
CERSIZ CERSIZ

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

CERSIZ : Defines the maximal bunch size of Cherenkov photonsatieatreated 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, AUGCERLONG, or GBRHIST options.

4.85 Cherenkov Output Steering
CERFIL MCERFI

Format = (A6, 1), Default = 1 (rsp. 2 for CERWLEN option)
MCERFI : Steers the Cherenkov output to MPATAP or MCETAP.
MCERFI = 0: Output goes to MPATAP.

MCERFI0 <MCERFI< 3: Output goes to MCETAP.

MCERFI > 3: Output goes to MPATAP with name extension.

In the CERENKOQV option (Cherenkov telescopes) with MCERFD, the output file name
DSN (specified by keyword DIRECT) should be setdev/null "8 to suppress the normal
Cherenkov output file, as in the IACT option the Cherenkov telpsmutput will be written to
theeventio output file”®.

MCERFI = 1: is set automatically in the COMPACT option to prevent a wgtof Cherenkov
photons to the COMPACT output.

MCERFI = 2: In the THIN option the lasB(") item of a bunch (see Table 11 page 125) gives
the wavelength instead of the weight factor.

MCERFI > 3: Acts like MCERFI = 2, but now th&*" item of each bunch gives the distance

"8The existence afdev/null is assumed, see footnote of Sect. 4.74.
"Details on theeventio  format may be found in the documentation supplied with treeribohr’ package.
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from the photon emission point to the detector array censtead of the photon emission height
(See Table 11 page 125). Moreover the name convention of taee@kov data output files are
changed to DALnnnnn.cher-telii (see Sect. 3.4.3 page 38).

Limitis: 0 < MCERFI .

This keyword is only available in the CERENKOV option.

4.86 Cherenkov Quantum Efficiency
CERQEF CERQEF CERATA CERMIR

Format = (A6, 3L), Defaults =F, F, F

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

CERATA : If .true., the atmospheric absorption of Cherenkovtphs is taken into account. It
needs reading in thetmabsdat file.

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

Respecting these effects at an early stage of the Cherenkagrpbionulation drastically re-
duces computing time and storage requirements for Cherepti@wn output. For the influence
onto the longitudinal distribution of Cherenkov photons Seet. 3.4.5 page 39 and keyword
LONGI page 88.

This keyword is only available in the CEFFIC option togethé@&hwhe CERENKOV option.

4.87 Multiple Use of Cherenkov Events
CSCAT ICERML ~ XSCATT  YSCATT

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

ICERML : Number of uses of each event.

XSCATT : Maximum scattering of core location X direction (in cm). See Sect. 3.4.1
page 36 ff.

YSCATT : Maximum scattering of core location Y direction (in cm). See Sect. 3.4.1
page 36 ff.

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

In case of Cherenkov telescopes ICERML telescope arrays argased randomly (see key-
word SEED page 65) in the specified area which is a circle aisadSCATT, if YSCATT
= 0., or within a rectangle of area 2 XSCATR YSCATT.

This keyword is only available in the CERENKOV option.
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4.88 Core Position of Scattered Cherenkov Event
COREPOS CERXOS() CERYOS())

Format = (A7, 2F), Defaults = 0., O..

CERXPOS(i) : i position of scattered core ia.X direction (in cm).

CERYPOS(i) : i* position of scattered core Y direction (in cm).

If the keyword COREPOS appears before the CSCAT keyword, théesogt by the CSCAT
input is disabled. IF this keyword appears after the CSCAT keywhe core positions defined
by COREPOS are appended as additional scatter positionsteftemdomly selected core pos-
titions.

Limit: 0 <i < 20 core positions are possible.

This keyword is only available in the CERENKOV option.

4.89 Cherenkov Telescope Dimensions
Without IACT option

TELESCOPE X Y Z R ID
or with IACT option
TELESCOPE X Y Z R

Format = (A9, 4F, I)

X, Y, Z : Coordinates of Cherenkov telescope (in cm) relativéhi center of the observation
level.

R : Radius of sphere (in cm) within which the telescope is fatyptained.

ID : Identification number of Cherenkov telescope. This nunthast be given without the
IACT option. It is used to specify the extension of the outplat fiame CERnnnnn-TELiii
whereiii is the telescope ID (see Sect. 3.4.3 page 38). For ID = 0 thee@Gkev output file
name extension -TEL:’ is omitted.

This keyword adds a new telescope at positlonY’, Z with radiusR. At least one telescope
has to be specified. For the definition of the X and Y-diretisee Fig. 1 (page 112) and key-
word ARRANG (page 92).

Limits are:0 < R; 0 < ID of telescope< 999.

This keyword is only available in the CERENKOV rsp. IACT option.

4.90 Cherenkov Telescope Data File Name
TELFIL TELFNM
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Format = (A6, A512), Default=""

TELFNM : The telescope-specific data are to be written to anlned TELFNM ireventio
format®. Lower case characters of TELFNM are not converted to dapilithis file exists and
is write-enabled, new data are appended. After ending theheifile will be set read-only to
avoid accidental overwriting. The file nanfgev/null 81 suppresses the output file.

If you want to write into the directory from where you are ity your CORSIKA run, you
should give: TELFIL ./ or TELFIL "~ or TELFIL " " (a blank enclosed in
apostrophes or quotation marks). Please keep in mind ti&@RTRAN an automatic expansion
of UNIX names like SHOME’ is not possible, rather you should give the fully expandedaa
of the directory ending with a / (slash) character.

Limit is: TELFNM must not begin with & (tilde) character.

This keyword is only available in the CERENKQV option togetheth the IACT option for
Cherenkov telescopes.

4.91 Trajectory Selection Flag

TRAFLG TLOGIC

Format = (A6, L), Default=T

TLOGIC : If .true., the zenith and azimuth angles of each shrosvent are determined by the
TRAJECT option to follow a source object movement in the skye d@atermination of the an-
gles by other options (VIEWCONE, VOLUMECORR, or VOLUMEDET) or Hyetkeywords
THETAP and PHIP is disregarded.

This keyword is only available in the TRAJECT option.

4.92 Source Position Parameters

SRCPOS RA  DEC

Format = (A6, 2F), Defaults = 5.57, 22.0

RA : Defines the right ascension (in hours) of the simulatedcsoin equatorial coordinates.
DEC : Defines the declination (i) of the simulated source in equatorial coordinates.
The default values give the Crab Nebula.

Limits are:0. < RA < 24.; —90. < DEC < +90. .

This keyword is only available in the TRAJECT option.

80Details on theeventio  format may be found in the documentation supplied with theerbohr’ package.
81The existence afdev/null is assumed, see footnote of Sect. 4.74.
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4.93 Trajectory Time Parameters

TRATM TYEAR TMONTH TDAY THOUR TMINUTE TSECOND TDURATION

Format = (A5, 71), Defaults = 2000, 1, 1, 21, 0, 0, 3600

TYEAR, TMONTH, TDAY, THOUR, TMINUTE, TSECOND : Define the starinte of the
observation (in year, month, day, hour, min, sec).

TDURATION : Duration of observation (in sec).

Limits are: Only valid values for date and time are admittee; TDURATON.

This keyword is only available in the TRAJECT option.

4.94 Lateral Telescope Site Parameters

TLAT TLATDGR TLATMIN TLATSEC TLATDIR

Format = (A4, 3F, Al), Defaults = 28., 45., 42.462, 'N’

TLATDGR : Latitude of the telescope site (i

TLATMIN : Latitude of the telescope site (in min).

TLATSEC : Latitude of the telescope site (in sec).

TLATDIR : Direction North ='N’, South =’S’ of the latitude ofhe telescope site.

The default values give the site of the MAGIC telescope.

Limits are: 0.< TLATDGR < 90.; 0. < TLATMIN < 60.; 0. < TLATSEC < 60.; TLATDIR
='Nor’S'.

This keyword is only available in the TRAJECT option.

4.95 Longitudinal Telescope Site Parameters
TLONG TLONGDGR  TLONGMIN  TLONGSEC TLONGDIR

Format = (A5, 3F, Al), Defaults = 17., 53., 26.525, 'W’

TLONGDGR : Longitude of the telescope site {in

TLONGMIN : Longitude of the telescope site (in min).

TLONGSEC : Longitude of the telescope site (in sec).

TLONGDIR : Direction East = 'E’, West = "W’ of the longitude ohe telescope site.

The default values give the site of the MAGIC telescope.

Limits are: 0. < TLONGDGR < 180.; 0. < TLONGMIN < 60.; 0. < TLONGSEC< 60.;
TLONGDIR ="E’ or 'W'.

This keyword is only available in the TRAJECT option.
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4.96 Geomagnetic Declination of Telescope
GEODEC GEODECL

Format = (A6, F), Default = -6.35

GEODECL : Defines the geomagnetic declinatiéni.e. the directional deviation of the mag-
netic North from the geographic North (i

The default value corresponds with the site of the MAGICdetpe.

Limitis: -45. < GEODECL< +45. .

This keyword is only available in the TRAJECT option.

4.97 Trajectory Broadening Parameter
TRARAD TRAD

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

TRAD : Defines the radius of a spread around the calculateectiayy (in arcmin).
Limitis: 0. < TRAD < 3600. .

This keyword is only available in the TRAJECT option.

4.98 Interesting Energy Threshold
EINTER ENERGY_INTER

Format = (A6, F), Default = 1000.

ENERGY.INTER : Threshold energy (in GeV) above which particles ateresting for pro-
duction of high-energy neutrinos for the IceCube [56] experit.

Limitis: 0 < ENERGY.INTER.

This keyword is only available in the ICECUBEL1 option.

4.99 PIPE Output Redirection Flag
PIPE PIPE_OUTPUT

Format = (A4, L), Default =F

PIPEOUTPUT : If .true., the output is redirected to a pipe-buffénis buffer should serve as
on-line input to a detector simulation program.

This keyword is only available in the ICECUBEZ2 option.

82The sign of the declination is defined positive for eastwarclidation, negative for westward declination, see
also Ref. [70]
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4.100 Compress Output Flag
COMPRESS GZIP_OUTPUT

Format = (A8, L), Default=T

GZIP_.OUTPUT : If .true., the output is compressed using the gzgeedure to reduce storage
space. The gain in space reduction will not be very dramatic.

This keyword is only available in the ICECUBEZ2 option.

4.101 Size of Stack
DYNSTACK N1 N2 ... NX

Format = (A8, A500), Default ="

Forwards a variable number of integer numbers from theisigeard to the DYNSTACK setup
routine. In normal use cases this should contain the siZeeo$tack.

This keyword is only available in the DYNSTACK option.

4.102 Parameter to Stack
DYNSTACK P  A500

Format = (A10, A500), Default ="

Forwards a variable number of characters, separated atsplaites, to the DYNSTACK setup
routine. This call should be used to set any stack-specitings used in the current simulation.
This keyword is only available in the DYNSTACK option.

4.103 Remote IP
REMOTECONTROL_IP  A20

Format = (A16, A20), Default =~

Forwards a IP from the external server to connect the netttwdad to. The format equals the
default IP format, e.g. 127.0.0.1:1337, where the partegibsnt to the colon denotes the port
number.

This keyword is only available in the REMOTECONTROL option.
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4.104 Parameter to Remotecontrol

REMOTECONTROL_P  A500

Format = (A10, A500), Default ="

Forwards a variable number of characters, separated a¢splaites, to the REMOTECON-
TROL setup routine. This call should be used to set any cdimarespecific settings used in the
current simulation.

This keyword is only available in the REMOTECONTROL option.

4.105 Write Data Base File

DATBAS FDBASE
Format = (A6, L), Default = F
FDBASE : If .true., all essential run parameters are writtethe file DATnnnnnidbase’ (rsp.
"D ATnnnnnn.info’ in the AUGERINFO option) onto the output directory D§keyword DI-
RECT page 94). This file may be used to build a data base for exagrtime content of an air

shower library (page 133).
This keyword is only effective in the UNIX options.

4.106 User Name
USER USER

Format = (A4, A60), Defaults ="’
USER : A user name is read in to be written to tHeATnnnnnn.dbase’ file. Lower case
characters of USER are not converted to capitals.

4.107 Host Name
HOST HOST

Format = (A4, A60), 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.
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4.108 Debugging
DEBUG DEBUG MDEBUG DEBDEL NDEBDL

Format = (A5, L, I, L, 1), Defaults = F, MONIOU, F, 100000

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

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

of MDEBUG is not conflicting with existing definitions (seebla 1 page 24).

DEBDEL : If .true., the debugging printouts are activate&eaRIDEBDL particles above the

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

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

NDEBDL : See DEBDEL

Limitis: 0 < NDEBDL.

4.109 Debugging EGS
EGSDEB JCLOCK

Format = (A6, I), Default = 2147483647

JCLOCK : Counter for delayed start of EGS4 debugging. Aftevatbn of debug by DEBUG
or by NDEBDL (see Sect. 4.108 above) each pass of subrosfiae- or photon is counted.
If the counter exceeds JCLOCK, the debug statements withie@®4 portion are activated.
This output appears on the unit MDEBUG.

Limitis: 0 < JCLOCK.

4.110 FLUKA Printing
FLUDBG FFLUDB

Format = (A6, L), Default = F

FFLUDB : If .true. the two files D ATnnnnnn.flout’ for additional information on the param-
eters used by FLUKA andD ATnnnnnn.flerr’ on possible FLUKA error messages are written
onto the output directory DSN (keyword DIRECT page 94).

If .false. in the LINUX option the two files are written to 'SCRE&H'’ i.e. they are written to a
temporary file which at the end of the program will be deleMéthout the LINUX option the
files are opened directly to the directddev/null 83,

This keyword is only available in the FLUKA option.

83The existence afdev/null is assumed, see footnote of Sect. 4.74 [page 94.

105



4.111 GHEISHA Debugging
GHEIDB GHEISDB

Format = (A6, L), Default = F

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

This keyword is only available in the GHEISHA option.

4.112 URQMD Debugging
URQMD FURQMD  IUDEBUG

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

FURQMD : If .true., the UrQMD routines are used for the low-gyehadronic 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.

4.113 PYTHIA Printing
PYTHIA IFLGPYW  IFLGPYE

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

IFLGPYW : If set > O the printing of PYTHIA warnings is enabled. IFLGPYW givdset
number of warnings after which PYTHIA becomes silent (seeTM&6) of Pythia manual
[31]).

IFLGPYE : If set> 0 the printing of PYTHIA errors is enabled. IFLGPYE gives thember
of errors after which PYTHIA becomes silent (see MSTU(22Pgthia manual [31]).

Limits are:0 < IFLGPYW; 0 < IFLGPYE.

This keyword is only available in the CHARM, or TAULEP options.

4.114 Cherenkov Debugging
CDEBUG LCERDB

Format = (L), Default = F

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

This keyword is only available in the CERENKOV option.
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4.115 Interaction Test Target Definition
INTTST ITTAR  MCM

Format = (A6, 2l), Defaults =0, 0

ITTAR : Defines the target for the interaction test option: pireton; 2 = neutron; 9 = Beryl-
lium; 12 = Carbon; 14 = Nitrogen; 16 = Oxygen; 40 = Argon; 99 = air

MCM : Defines the reference system for which the interactiardpcts 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.

4.116 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 interactisn te
LHYP : If .true. all hyperons decay before gathering thenhim interaction test.
LKOS : If .true. theK? particles decay before gathering them in the interactist: te
This keyword is only available in the INTTEST option.

4.117 Interaction Test Spectator Definition
INTSPC LSPEC

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.

4.118 Interaction Test Diffraction Flag
DIFOFF NDIF

Format = (A6, 1), Default =0
NDIF : Allows to select diffractive or non-diffractive intactions only®. 0 = diffractive and

84|n photo-nuclear interactions the cm-system of the photitin @ne nucleon.

85For photo-nuclear interactions the meaning is: 0 = mult«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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non-diffractive interactions mixed; 1 = non-diffractivetéractions only; 2 = diffractive inter-
actions only. With the QGSJETO01d interaction model NDIF =a2rmmot be selected. With the
EPOSNEXUs and QGSJET-II models only NDIF = 0 is possible.

This keyword is only available in the INTTEST option.

4.119 Interaction Test Trigger Condition
TRIGGER NTRIG

Format = (A7, 1), Default =0

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

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

2 = accepts only events according to the CDF-experiment fifiger.

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.

4.120 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 namdéaaded by a string containing
information about projectile, target, energy, and the tyfiateraction which has been selected.
At the end of the data file name .hbook is appended such thaothledata file name would
look like

histo.corsika.inttest.p0014t14e100e3.diffractivedib for a proton projectile on nitrogen tar-
get with a lab energy of00E3 GeV including diffractive events.

If you want to write into the directory from where you are sitag your CORSIKA run, you
should give: HISTDS ./ or HISTDS ' or HISTDS " " (a blank enclosed in
apostrophes or quotation marks). Please keep in mind tR&@RTRAN an automatic expansion
of UNIX names like SHOME' is not possible, rather you should give the fully expandedaa
of the directory ending with a / (slash) character.

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

This keyword is only available in the INTTEST option.
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4.121 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 maydoketaplot the shower develop-
ment.

This keyword is only available in the PLOTSH and PLOTSH2 oipti

4.122 Plot Axes Definition
PLAXES X1 X2 Y1 Y2 z1 Z2

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

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

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 @rttap.

The point of first interaction determines the zero point & ¥1and Y axes (see Fig. 1 page
112). Depending on the choice of these parameters, the vgholeer may be 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.

4.123 Plot Energy Cut Definition
PLCUTS ELCUTS(1..4) TCUT  FBOXCUT

Format=(A6,5F,L), Defaults 0.3, 0.3, 0.003, 0.003, 100080

ELCUTS(1...4) : ELCUTS denote the energy cuts in the same @aslénose for the keyword
ECUTS (hadrons, muons, electrons, photons) (see page 87).

TCUT : This is an upper bound on the time (in ns) passed sincérgtenteraction. 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 segmentgdensiie three-dimensional
box given by the axis ranges should be plotted. If .true.tratk segments whose start- and
endpoints both fall outside this box are not plotted.

This keyword is only available in the PLOTSH2 option.
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4.124 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 and CEREN 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 0 0 0 O O 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 /home/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 1 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 Carntesiardinate 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 défmiis necessary, because the
Earth’s magnetic field is taken into account. By default thgnegdic field is implemented for
the location of Karlsruhe40° N, 8° E) as described at the keyword MAGNET (page 73). The
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Figure 1. Coordinate system in CORSIKA.

zenith angle of a patrticle trajectory is measured between the particlenerdum vector and
the negativeZ-axis, and the azimuthal anglebetween the positive-axis and the horizontal
component of the particle momentum vector (i.e. with respedNorth) proceeding counter-
clockwise. This is shown in Fig. 1.

In the EGS4 part and in CONEX the definitions of the coordingstesn differ from that used
in CORSIKA (see the in-line comments in these program partey. 5S4 the positiveZ-
axis points downwards, the positive-axis points to East, th& -axis remains unchanged. For
CONEX the positiveX -axis points to East, the positivé-axis points to North, the’-axis re-
mains unchanged.

Attention: The definition of the coordinate system in CORSIidsagreesrom definitions of
other air-shower simulation programs (e.g. AIRES [77]) andfthe conventions of the Auger
experiment !!
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7 Units in CORSIKA

Within CORSIKA uniform units for the various dimensions aredisas far as possible. But
there are deviations at that program parts which are coupl€&2DRSIKA. Table 3 gives an

overview on the used units.
FLUKA DPMJET
CORSIKA | EGS4 | GHEISHA | SIBYLL EPOS | CONEX
UrQMD NEXUS
HERWIG QGSJET
Quantity PYTHIA VENUS
length| cm?) cm m
energy| GeV MeV GeV GeV?) GeV GeV
mass| GeV MeV GeV GeV GeV GeV
time| sec?) sec sec
magn. field uT %)
density| g/lcm® | g/cm? g/cm?
mass overburden g/cn? g/cnt
angle| rad?) rad rad
wavelength nm
1) In some subroutines also m is used.
2) For output files also nsec is used.
3) For in- and output files alsdis used.
4) In some subroutines also TeV is used.
%) No Earth magnetic field considered.

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 TableTe particle codes have in
general been chosen according to the convention in the GE#dtdctor simulation code [33].
Exceptions are vector mesons #ndp) and resonances(* andA), then particles which are
splitin 4 types according to their decays in the HDPM rowgijribe different types of neutrinos
(to be generated in the NEUTRINO option), the nuclei, and ther&ikov photons. The codes
of the charmed particles correspond with those of DPMJE€. Jdrticles with codes between
116 and 173 are only available in the CHARM or TAULEP option. @m&ov photons can not
be a primary particle for an air shower simulation.

860nly available in MUPROD option.
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] Particle identifications \

Identification| Particle || Identification Particle
1 v 50 w
2 et 51 p°
3 e 52 pt
53 p-
5| ut 54 ATT
6| u 55 A+
7 m° 56 A°
8 Tt 57 A~
9 T 58 A
10| K3 59 A~
11| K* 60 A°
12| K- 61 A"
13 n 62 K*°
14| p 63 K+
15| 7 64 I
16| K3 65 K
17 n 66 Ve
18 A 67 U,
19| Xt 68 Yy
20| ¥° 69 v,
21 >
22 = 71 n— Yy
23 = 72 n — 3m°
24| Q 73 n— atr
25 n 74 n—atay
26 A 75 pt add. info.
27| ¥ 76 p~ add. info.
28| X°
29| ©° 85 | decayingu™ at start®
30| = 86 | decayingu~ at start®
31| E'
32| OF 95 | decayingu™ at end®
48 n 96 | decayingu~ at end®
49 d

Table 4: Particle identifications as used in CORSIKA (to be icomd).
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] Particle identifications (continued)

Identification | Particle || Identification Particle
116 | D° 155 =
117| Dt 156 =
118| D~ 157 Q.°
119 D°
120| DY 161 Yt
121| D, 162 Yt
122 7. 163 yx
123 | D*

124 | D** 171 P
125| D* 172 x
126 | D*° 173 ¥=°
127 | Dt
128| Di 176 B°
177 BT
130 | J/4 178 B
131| 7 179 B°
132 7~ 180 B
133| v, 181 By
134 U, 182 Bf
183 B.
137 | Af 184 Ay
138| =f 185 X,
139 | =° 186 Py
140 | ©fT 187 =
141 xF 188 =,
142 22 189 Q
143 | =F 190 Ay’
144 | = 191 b
145 ° 192 T,
193 =
149 | A, 194 ="
150 | =, 195 o,
151 Z°
152 | .
153 | X,
154 | %.°
A x 100 + Z | nucleus ofZ protons andA — Z neutrons
(2 < A <56)
8888377 | weights of preceding particle (MULTITHIN option)])
9900 | Cherenkov photons on particle output file

Table 4: (continued) Particle identifications as used in CBRSI
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9 Running the CORSIKA Program

Depending on the program options CORSIKA needs at minimund6 Mbyte memory for
QGSJETO01 with GHEISHA without other options. Other higlergy or low-energy models
need additionally memory. Especially EPOS, QGSJET-II, S1BYand FLUKA need a huge
amount of memory. Empirical (approximated) values of reggiimemory for 64-bit LINUX
computers are given in Table 5.

Option | QGSJET01 +| DPMJET EPOS QGSJET-Il SIBYLL FLUKA UrQMD CONEX
GHEISHA

approx.

Memory 96 +7? +551 +267 +4957 +431 +5 + 657

(Mbyte)

Table 5: Required memory for various CORSIKA options (64-bNUIX).

A simplified flow diagram of CORSIKA is given in Appendix B (pagé3).
The sequence of the initializing procedures is given in Aulde C (page 146).

CORSIKA runs fastest (full simulation adopted without THINg) when using no EGS4, no
DPMJET, no EPOS, nalEXUS, no VENUS, no FLUKA, no UrQMD, no NEUTRINO, no
Cherenkov light generation, no CURVED, and no options pratyplots, histograms or ROOT
files. For this program version the computing time on an I6&€10 Core2Duo (witR.4 GHz) is

~ 7.3 sec per shower for primary protons of enet@§ GeV, vertical incidence, NKG enabled,
with one observation level 4.0 m a.s.l. and with the hadron and muon energy citaGeV.
Under the same conditions an iron induced shower consumes).6 sec. The computing
time scales roughly with the primary energy. The full EGS4iapwith longitudinal profile

is roughly 200 times slower than the fastest version meatiosmbove (with ELCUT(3,4) at
3 MeV). There is not much experience what the time consumpsdior the CERENKOV
option, but it will be much higher. QGSJETOL1 run fastest imbmatin with GHEISHA. EPOS
or NEXUS (NKG, no EGS) need: 50 times the computing time of QGSJETO1. FLUKA needs
~ 7 times computing time of GHEISHA (+ QGSJETO01), UrQMD neegsl0 times that of
GHEISHA.

In case of THINnNing (Sect. 3.5.35 page 58) the computing 8tnengly depends on the energy
fraction below which thinning becomes active, see Tabledei®.

The interested CORSIKA user may find CPU-times for various auon models and options
in Ref. [27].

The particle output format is described in Sect. 10.2 (pag@ fL.). For each particle that
reaches an observation level 7 words (for THINning 8 wordih W bytes each are stored
on the particle output file. Proton showersiaf GeV deliver at sea level roughly 0.8 MB
particle output when calculated with the NKG optiafi,( £, > 0.3 GeV). With EGS4 about
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30 MB output are written due to the huge amount of photons #trens that are explicitly
stored E., E, > 0.003 GeV)*". The particle output in the CERENKOV option is additionally
increased as the Cherenkov photons are stored, either tdpanmathe Cherenkov output file,
or together with the particles on the particle output file.

While running, the interactions produce plenty of secongsasticles 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) arevad 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 armaperarily added to the external stack.
If the internal stack is empty 340 (312) particles are redeam the external stack. Only half
of the internal stack is read back to avoid a permanent syifif data from and to the internal
stack if it is just full and the number of secondaries ost@iawith a small amplitude around
680 (624).

87These energy cuts correspond with the sensitivities of tAE®ADE array detectors.
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10 Outputs

There are two major output files produced by a simulation rdine control printout (.Ist
file) allows to survey the simulation run. The particle outfile is written to the data file
"D ATnnnnnn’ with nnnnnn being the run number specified in the keyword RUNNR (page
64). This file becomes very large when simulating showerseatgdetail (EGS4, low thresh-
olds, ...). Inthe CERENKOV version an additional fite £ Rnnnnnn’ might be written. Op-
tionally a tabular outputy(, e*, and u* particles at ground and longitudinal development of
charged patrticles) is written out to the filB ATnnnnnn.tab’. Further on the longitudinal dis-
tributions of particle numbers and energy deposits may lgenrto file 'D AT nnnnnn.long’.
The output file DATnnnnnn.dbase’ (rsp. DATnnnnnn.info’) is destinated to be used in a
data base for examining the content of an air shower library.

If the INCLINED option (Sect. 3.5.17 page 49) is used in corakion with the INCLIN key-
word (page 90) an output filedd AT nnnnnn.inclined’ is written, which has the same binary
structure as a standard CORSIKA patrticle output fileATnnnnnn’. The INCLINED option
internally makes use of the COAST package.

10.1 Control Printout (.Ist File Output)

The simulation run produces a printout (.Ist file, unit MONICby default standard outpdt)
that allows to control the simulation and informs about tleaeayal run, the program version
with interaction model, the selected options, steeringnaeys, physical constants, the used
atmospheric model, and the primary particle (about 20@)inor each shower it prints roughly
400 lines containing the random number generator statug, ét beginning of a shower, the
primary particle at the place of the first interaction, theniwer of secondaries reaching the
observation levels with energies above ECTMAP (page 93)staek statistics, internal and
external stack usage, energy-multiplicity and energgteddly 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 statistiositmns, summaries of secondaries for
each observation level, NKG electromagnetic shower in&tiom, and the longitudinal shower
development.

The NKG output (keyword ELMFLG, page 80) comprises a tabl¢henlongitudinal develop-
ment of the electromagnetic shower component giving ev@dyg/cn¥ the number of electrons
and the longitudinal pseudo-age param&tefFor the lateral electron distribution the densities
(in electronsicn?) are calculated on a grid of 80 points (8 directions sepdrayet5° with 10
distances betweenm and RADNKG (page 81) for each direction) and the lateral gseages
for those various distances are determined. The laterallison is calculated only for the
lowest two observation levels.

For the longitudinal development (keyword LONGI page 8Tgétables are generated:

88Renaming the standard (log) output 0 ATnnnnnn.lst’ and redirecting it to the directory specified by the
keyword DIRECT (page 94) is convenient (page 119) as by teé sbmmands 'dir’ or ’Is -I' all files belonging
to one run are displayed consecutively which facilitateskbkeeping.

89See footnote page 34.
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e The first one gives the particle numbersyot™, e, 1, 1=, hadrons, all charged, nuclei,
neutrinos, and Cherenkov photons as function of atmosptepth.

e The second one reflects the energy content within the vapatticle species, e™, e,
", u~, hadrons, charged particles, nuclei, neutrinos, and teeggrsum as function of
atmospheric depth. For all particle species the partidemeass is included within the
energy.

e The third table gives the energy dissipated within the apheee specified for various

processes: Energy contained withiis 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 containgamhadrons 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 energytisoated
to the hadronic energy, while 3/4 is attributed to neutrirfes the neutral K 4 this ratios
are 1/2.
The last bin of the cut energies reflects the energy contgrdrticles 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 vg@ennihilation) is counted
twice. Energies of unstable hadrons and muons are added up ingltiteir 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 fileD ATnnnnnn’ see the FLONGOUT flag (page 87).

The control printout contains as well all kinds of warningsla@rror messages. System errors
may be redirected in UNIX systeffisto the standard outplit (.Ist file) by the & character
following immediately the> character as given in the example:

Jcorsika <inputs >& /home/user/corsika/run/DATnnnnNN.Ist

assuming that all output should go to the directory /hormez/aersika/run/ as given in the ex-
ample on page 111. Users are advised to check this printoefutlst for any indications of
problems during the run time and keeping it together withgitaeicle output for later consulta-
tion.

When errors occur the DEBUG option may help in localizing thg.brhis option entails a very
detailed printout of the simulation process that easilg fdirge disks when enabled for many
showers.

All these informations are printed per event. For low engyggnaries and high statistics this
printout per event may not be necessary and can be suppi®sselkcting a maximum number
of showers to be printed (keyword MAXPRT page 93). At the eh@ach run a short run
summary is printed with similar tables as for single showmitsaveraged over all showers of
the actual run.

99The usage of the korne-shell is assumed.
91For the naming of standard output see the footnotes page®blsh
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10.2 Normal Particle Output

The particle and Cherenkov photon output files contain therimétion about the simulation
run and about all particles reaching observation levelsis ®hwhat has to be analyzed for
detailed energy spectra and distributions. These files ateewto the directory DSN (as de-
fined by keyword DIRECT, page 94) as 'sequential’ 'unformdttedRTRAN files. They may
be read by the utility progranmsorsikareadf rsp. corsikareadthin.f available in the subsubdi-
rectory src/utils/ or by some COAST based programs such as the ones available in th
subsubdirectorgoast/CorsikaOptions/CorsikaRead . The particle output file and
the Cherenkov photon output file are structured as shown ifte &bwith the sub-blocks as
given in Tables 7 to 17. All quantities are written as singlegwssion real numbers by the sub-
routinetobu f.c (independently of 32-bit or 64-bit processors).

] 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 photaput 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

S+1

number of observation levels (maximum 10)
height of observation leveélin 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:

2441

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+1
94

94 +1
134+
139 +1¢
150 + 1
248
249
249+
254 41
259 + 1
264 41
270
271
272
273

0, ¢=1,14 (nolonger used)

NSHOW number of showers to be generated
CKA(7),i = 1,40

CETA@),i = 1,5

CSTRBA@), i = 1,11

0, i= 1,97 (nolonger used)

XSCATT scatter range in x direction for Cherenkov
YSCATT scatter range in y direction for Cherenkov
HLAY(4),7 =1,5

AATM(4),i=1,5

BATM(3),:=1,5

CATM(7),i=1,5

NFLAIN

NFLDIF

NFLPIO+100xNFLPIF

NFLCHE+100xNFRAGM

ne
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

(o]

11
12

'EVTH’

event number

particle id (particle code oA x 100 + Z for nuclei)
total energy in GeV

starting altitude in g/cr

number of first target if fixed

z coordinate (height) of first interaction in cm
(negative, if tracking starts at margin of atmosphere, S€BART)
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 angle in radian

azimuth angles in radian

13
11+3 x4
1243 x4
13+3 x4

number of different random number sequences (max. 10
integer seed of sequente

number of offset random calls (mdd®) of sequence
number of offset random calls 10°) of sequence

44
45
46

run number
date of begin run (yymmadd)
version of program

47
47 41

number of observation levels
height of level; in cm

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

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

x component of Earth’s magnetic field 4T
z component of Earth’s magnetic field T
flag for activating EGS4

flag for activating NKG

Table 8:

Structure of event header sub-block (to be contipue
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] Event header sub-block: (continued)

No. of word | Contents of word (as real numbers R*4)

75 | low-energy hadr. model flag (1.=GHEISHA, 2.=UrQMD, 3.=FLUKA)
76 | high-energy hadr. model flg9.=HDPM,1.=VENUS, 2.=SIBYLL,
3.=QGSJET, 4.=DPMJET, 58eXUs, 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 fite (.)

or Cherenkov output file=f 1.)

93 | angle (in rad) between array x-direction and magnetic north
94 | flag for additional muon information on particle output file
95 | step length factor for multiple scattering step length in EGS4
96 | Cherenkov wavelength lower end (in nm)
97 | Cherenkov wavelength upper end (in nm)
98 | number; of uses of each Cherenkov rsp. Auger event
98 + 4 | x coordinate of*" core location for scattered events (in cm)
118 4+ | y coordinate of*" core location for scattered events (in cm)

139 | SIBYLL interaction flag (0.= no SIBYLL, 1.=vers.1.6; 2.=vers.2.1; 3.=/2r3)
140 | SIBYLL cross-section flag (0.=no SIBYLL, 1.=vers.1.6; 2.=vers.2.£y8rs.2.3)
141 | QGSJET interaction flag (0.=no QGSJET, 1.=QGSJETOLD,
2.=QGSJETO01d, 3.=QGSJET-I)

Table 9: (continued) Structure of event header sub-blarkétcontinued).

92EVTH(77) has the following contents if converted to an imtegith suitable rounding applied:
bit 1 CERENKOV 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 (butdidnid 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) \

142

143
144
145

146
147

QGSJET cross-section flag (0.=no QGSJET, 1.=QGSJETOLD,
2.=QGSJETO01d, 3.=QGSJET-II)

DPMJET interaction flag (0.=no DPMJET, 1.=DPMJET)

DPMJET cross-section flag (0.=no DPMJET, 1.=DPMJET)

VENUS/NEXUS/EPOS cross-section flag (O=neither, 1.=VENUSSIG,
2./3.=NEXUSSIG, 4.=EPOSSIG)

muon multiple scattering flag (1.=M@élie, 0.=Gauss)

NKG radial distribution range in cm

148
149
150
151
152
153
154
155
156
157
158
159
160

EFRCTHN energy fraction of thinning level hadronic
EFRCTHNTHINRAT energy fraction of thinning level em-particles
actual weight limit WMAX for thinning hadronic

actual weight limit WMAXWEITRAT for thinning em-particles
max. radius (in cm) for radial thinning (THIN) rsp. cuttinGQRECUT)
inner angle of viewing cone VIEWCONE (i)

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 incidepc
starting height (cm)

flag indicating that explicite charm generation is switcbed

flag for hadron origin of electromagnetic subshower on plartape

161
162
163
164
165
166
167
168
169
170
171
172
173

minimal vertical depth for transfer of particles from CONEXCORSIKA
high-energy threshold for treatment of hadrons by cascqdatmns in CONEX
high-energy threshold for treatment of muons by cascadatims in CONEX
high-energy threshold for treatment of em-particles byads equations in CONE
low-energy threshold for treatment of hadrons by cascadatems in CONEX
low-energy threshold for treatment of muons by cascadetemsan CONEX
low-energy threshold for treatment of em-particles by adscequations in CONEX|
flag for observation level curvature (CURVOUT) (0.=flat, durved)

actual weight limit whmax for thinning hadronic in CONEX

actual weight limit wtmax for thinning em-particles in COXE

actual weight limit whmax for sampling hadronic in CONEX

actual weight limit wtmax for sampling muons in CONEX

actual weight limit wtmax for sampling em-particles in COXIE

174
175
176
177
177+
183 + j
189 + j
195 + j
199 + 3 x j
200 4 3 x j
20143 x j
220
221
222
223..273

half width of stripes parallel to detector rows in AUGERHIptmn (cm)
detector distance between neighbouring detectors (AUGER(IAM)
(reserved for AUGERHIT)

number of MULTITHIN modes (max. 6)

energy fraction of hadronic thinning fgf* MULTITHIN mode
actual weight limit of hadronic thinning foi*® MULTITHIN mode
energy fraction of em thinning foi** MULTITHIN mode

actual weight limit of em thinning fo§*” MULTITHIN mode
integer seed of random sequence fdr MULTITHIN mode

# of offset random calls (moth®) for j** MULTITHIN mode

# of offset random calls (exceeding®) for j** MULTITHIN mode
threshold energy above which particles are interestingQUBE)
flag indicating that output is compressed by gzip (ICECUBE)
flag indicating that output is written to pipe buffer (ICECEB

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)
7 x (n—1) 41 | particle description encoded as:
part. idx 1000 + hadr. generatiol x 10 + no. of obs. level
[for additional muon information: part. id1000 + hadr. generatiot]

X (n— 1) + 2 | px, momentum in x direction in GeV/c

X (n—1)+ 3 py, momentum in y 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

X (n—1)+ 6 y position coordinate in cm

x (n — 1)+ 7 | ttime since first interaction (or since entrance into atrhespj°in nsec

[for additional muon information: z coordinate in cm]
forn=1...39
if last block is not completely filled, trailing zeros are adid

Table 10: Structure of particle data sub-block.

] Cherenkov photon data sub-block : (up to 39 bunches, 7 wokly ea

No. of words| Contents of word (as real numbers R*4)

7 x (n— 1)+ 1 | number of Cherenkov photons in bufith

[in case of output on the particle output file:

99.E5 + 10xNINT(number of Cherenkov photons in bunch) + 1]
(n — 1) + 2 | x position coordinate in cm
(n — 1) + 3 | y position coordinate in cm

7 x (n— 1)+ 4 | udirection cosin¥ to x-axis
(n—1)
(n—1)
(n—1)

+ 5 | vdirection cosin& to y-axis

n — 1) + 6 | ttime since first interaction (or since entrance into atrhesej° in nsec
n — 1) + 7 | height of production of bunch in cf

forn=1...39

if last block is not completely filled, trailing zeros are adid

Table 11: Structure of Cherenkov photon data sub-block.

93Without EHISTORY option, the hadronic generation couritesaturates at 99 (mainly EM particles from
muons). With EHISTORY# is last 2 digits of the full generation count@r(see Section 3.5.15 page 48).

94With muon additional information the hadronic generationmterh is fully given (3 digits). If the muon is
produced after photonuclear interaction or was created ixympair production +500 is added/io

95See keyword TSTART page 68.

96For the THIN option the photon bunch size is multiplied witle thinning weight. See Sect. 4.85 page 97.

97The direction cosines u and v awe= sin(f) - cos(¢) andv = sin(f) - sin(¢), see Fig. 1 page 112.

98For MCERFI = 3 (see Sect. 4.85 page 97) the production hesglplaced by the distance between production
point and detector array center.
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] Mother particle data : (up to 39 particles, 7 words each)

No. of word | Contents of word (as real numbers R*4)
7 x (n—1)+1 | particle description encoded as:
—(part. idx 1000 + hadronic generatidt of mother)

X (n— 1)+ 2 | px, momentum in x direction in GeV/c

X (n—1)+ 3 py, momentum in y 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

X (n—1)+ 6 y position coordinate in cm

x (n— 1)+ 7 | z position coordinate in cm ateation point

in data line after muon additional information (for muongydn
and before grandmother particle data line

Table 12: Structure of mother particle data in particle data-block.

] Grandmother particle data : (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. id< 1000 + electromagnetic generatitiof mother)

X (n— 1)+ 2 | px, momentum in x direction in GeV/c

X (n—1)+ 3 py, momentum in y direction in GeV/c

X (n—1)+4 | pz, momentum in -z direction in GeV/c

x (n— 1)+ 5 | ext. electromagn. gef? counter of final particle
X (n—1)+ 6 penetration depth in g/cin

x (n— 1)+ 7 | —z position coordinate in cm @tteraction point

(negative to make a difference with mother!)
in data line after mother particle data line
and before particle data line

Table 13: Structure of grandmother particle data in partiteta sub-block.

99The mother electromagnetic generation counter is the sutegfhoton generation countemwith 100 times
the log of the electron generation countdry + 100 x In e) as defined in Section 3.5.15 page 48.

100The extended electromagnetic generation coufitean be associated to the normal hadronic countgiven
in the particle description field of the particle sub-blockdet the full generation counté&¥ = G x 100 + h
described in Section 3.5.15 page 48.
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'Multithin’ weights in particle data sub-block':
(preceded by particle in particle data line, 7 words each)

No. of word | Contents of word (as real numbers R*4)
n—1) + 1 identification word 8888jj;.
weight of ¥! thinning mode
weight of 2'¢ thinning mode
+ 4 weight of 3¢ thinning mode

n—1

X (
X (
X (
X (n—1
X (
X (
X (

— N N S

n—1 weight of 4" thinning mode
n—1 weight of 8" thinning mode
n—1 weight of 8" thinning mode

forn=1...39

Table 14: Structure of 'multithin’ weights in particle degab-block.

10.2.1 Size Reduction of Normal Particle Output File

There exist different methods to reduce the size of the nigparéicle output file:

a) Employing the AUGERHIT option: Only those paticles are veritt which arrive in the
neighbourhood of detectors, while particles far from ditexcare suppressed. Suppres-
sion factors of up to 500 can be achieved [44]. For detailsSs®. 3.5.5 page 42 and
Sects. 4.69 rsp. 4.70 page 92 rsp. 93.

b) Without THIN option: The keyword CORECUT (Sect. 4.57 page 86) lba employed to
discard those particles close to the shower axis which apyvealld saturate the detector.
By a suitable choice of the parameter RCUT of this keyword the gizhe output can be
adjusted to the particle data output file size limits.

c) With THIN option: By suitably setting the thin-sampling paraters with keywords THIN
(Sect. 4.51 page 83), THINH (Sect. 4.52 page 84) rsp. THINBEBLL. 4.53 page 85) the
size of the particle data output file is influenced. Similadyase b) a suitable choice of
RMAX in the keyword THIN reduces the number of those partieksch arrive close to
the shower axis.

Alternatively the writing of particles which arrive close the shower core may be com-
pletely disabled using the CORECUT keyword with suitably gel@®CUT. It should be
noted that RCUT of keyword CORECUT rsp. MTHINR overrides RMAX of weyd
THIN.

Both cases b) without thinning rsp. c¢) with thinning can be bored with the method a)
employing the AUGERHIT option.

101gee Sect. 3.5.20 page 51 and Table 10 page 125.
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10.2.2 Normal Particle Output: Block Structure without Thinn ing

The information is stored unformatted in a fixed block stnoetwith a block length of 22932
bytes. A block consists of 5733 words each 4 bytes ¢fgEach block consists of 21 sub-
blocks of 273 words. These sub-blocks can be a RUN HEADER, EVHRADER, DATA
BLOCK, LONGitudinal, EVENT END, or a RUN END sub-block (see Talb). The contents
of the sub-blocks are listed in Tables 7 to 17. This blockcétme is also maintained in the
MULTITHIN option.

10.2.3 Normal Particle Output: Block Structure with Thinning

To take the weight parameter for each particle the datatsireiof the version without thinning
has to be extended for the THIN option. The structure of thiputusee Table 6 page 120)
remains unchanged, but the blocksize is enlarged to a lesfgd6208 bytes. Now a block
has 6552 words each 4 bytes ldtfg consisting of 21 sub-blocks of 312 words. The ends of
the sub-blocks RUN HEADER (see Table 7 page 121), EVENT HER&ee Table 9 page
123), LONGitudinal (see Table 15 page 129), EVENT END (sd#ela6 page 130), and RUN
END (see Table 17) are filled up with zeros, while the datakdddables 10 and 11 page 125)
contain 8 words for each particle rsp. Cherenkov bunch, stelze being the weight. Again

39 particles are collected within one data sub-block.

10.2.4 Normal Particle Output: Compact Option

The compact particle output available in the COMPACT optioac{S3.5.9 page 44) is orga-
nized similar to the normal particle output (see Sect. 1@@epl120 ff.) with the following
modifications:

e The block size of the records has variable length.
¢ In the block structure (Table 6 page 120) the 'event end’ kdare omitted completely.

e Only the first event header block has its full length (273 &} 4-byte words) and starts
with the characters 'EVTH'. The headers of subsequent evanat shortened and contain
only the first 12 parameters of Table 9 (page 123) and stahnttivé characters '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 is necessary for thigsubu The Cherenkov output is not
affected by the COMPACT option, but it must be directed to ther@hiov output file MCETAP
(page 97, MCERFF 1).

1020n UNIX installations using the GNU g77 compiler, on HP UNI¥tons, and some other machines the
blocks comprise two additional words giving the record tang

103Concerning the weight calculation see Sect. 3.5.35 page 58 f

104Nuclei (A > 1) are not counted with the ’hadron’ species. They are assumbe completely stripped and
therefore counted with their charge Z in the 'all chargediaps.
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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/ctn
8 | zenith angle in radian
9 | azimuth angley 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 sten g/cn?
10 x n 4+ 5 | number ofy-rays at steg
10 x n + 6 | number of & particles at step
10 x n 4+ 7 | number of € particles at step
10 x n + 8 | number ofu™ particles at step
10 x n+ 9 | number ofu~ particles at step
10 x n 4+ 10 | number of hadronic particles at stgp
10 x n + 11 | number of all charged particles at stgp
10 x n + 12 | number of nucléfat step;j
10 x n 4+ 13 | number of Cherenkov photons at step
for n = 1,26 and forj longitudinal steps

O b~ WNPEF

for 15 'LONG’ block: 1 ... j ... 26
for 2"¢’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 15: Structure of ’longitudinal’ sub-block. (Theseayof blocks are written only if
'LONGY!’ is enabled and 'FLONGOUT is disabled, page 87.)
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] Event end sub-block : (once per event)

No. of word | Contents of word (as real numbers R*4)
1| 'EVTE
2 | event number
statistics for one shower :
3 | weighted number of photons arriving at observation leyel(s
4 | weighted number of electrons arriving at observation I@yel
5 | weighted number of hadrons arriving at observation leyel(s
6 | weighted number of muons arriving at observation level(s)
7 | 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) :
7+ | i= 1,21 lateral distribution in x direction for 1. level in cm
28 +1i | 1 = 1,21 lateral distribution in y direction for 1. level in cr
49 +1 | i = 1,21 lateral distribution in xy direction for 1. level in cm
70 +4 | i = 1,21 lateral distribution in yx direction for 1. level in cd
91 +1 | i = 1,21 lateral distribution in x direction for 2. level in c
112+ | i = 1,21 lateral distribution in y direction for 2. level in cm
133 +1i | i = 1,21 lateral distribution in xy direction for 2. level in cm
154 +1i | i = 1,21 lateral distribution in yx direction for 2. level in cm
175+ 1 | i = 1,10 electron number in steps 060 g/cn?
185+ | i = 1,10 pseudo-age in steps o0 g/cn?
195+ | i = 1, 10 distances for electron distribution in cm
205+ | ¢ = 1,10 local pseudo-age 1. level
215+ | 1 = 1, 10 height of levels for electron numbers in g/&m
225 414 | i = 1,10 height of levels for electron numbers in cm
235+ | i = 1,10 distance bins for local pseudo-age in cm
245+ | i = 1,10 local pseudo-age 2. level
255 414 | i = 1,6 parameters of longitudinal distribution of charged
particles
262 | x? per degree of freedom of fit to longitudinal distribution
263 | weighted number of photons written to particle output file
264 | weighted number of electrons written to particle output file
265 | weighted number of hadrons written to particle output file
266 | weighted number of muons written to particle output file
267 | number of em-particles emerging from pre-shower
268..273| not used

Table 16: 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 | 'RUNFE’

2 | run number
3 | number of events processed
4 | not used
in case of PARALLEL:

3 | run number

4 | number of cores used in this parallel run
5...273| not used yet

Table 17: Structure of run end sub-block.

10.2.5 Normal Particle Output with EHISTORY option

With the EHISTORY option, after activation, two additiorddta sub-block containing infor-
mation about mother particle (first) and grandmother par{gecond) are added before the data
sub-block of the particle saved at the observation leveetirTidentification code is negative to
avoid any confusion with final particles. In case of a muoesthtwo sub-blocks are placed
between the sub-block of muon additional information arelghb-block for the muon itself.
The contents of the sub-blocks are desribed in Table 12 éontbther and Table 13 page 126
for the grandmother.

10.3 .inclined File Output

This file is produced in the INCLINED option (Sect. 3.5.17 pd&? for inclined observation
planes, using the keyword INCLIN (page 90). The format andcstre is identical to the
normal binary output data file as described in Sect. 10.2g[d&9), besides the fact that all
coordinates are given within the inclined plane, with thigiorat the intersection of the shower
axis with the inclined observation plane.

10.4 .Ihbook File Output

The optional file datnnnnnn.lhbook’ written to the directory DSN (see keyword DIRECT,
page 94) contains histograms produced by the ANAHIST (p&JeAJGERHIST (page 41),

and/or the MUONHIST (page 51) options. Do not use capitalhenDSN directory name

as the HBOOK routines tolerate only lower case charactersleTE8 gives the numbering of
the hbook histograms. The histograms with numket800 are produced by ANAHIST, those
with numbers between 8000 and 9200 by MUONHIST, while thogle mumbers above 100000
come from the AUGERHIST option. If more than one of those aptiare selected simultane-
ously, the series of numbers appear in parallel withoutfi@atences. All series of histograms
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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

9111 1-dim | slant depth of muons

9112 2-dim slant depth vs. log10(energy) of muons
9114 2-dim slant depth vs. log10{pof muons

9115 2-dim | log10(energy) vs. log10{pof muons

9121 1-dim mass overlay of muons

9122 2-dim mass overlay vs. log10(energy) of muons
9123 2-dim mass overlay vs. log10{pof muons

9127 2-dim mass overlay vs. log10(y-coordinate) of muans

log10(energy) vs. log10(jfor slant depths

8000-8200 2-dim between 0 and 2000 g/énn steps of 10 g/ch

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 18: Histogram numbering of thédtnnnnnn.lhbook’ file.

are added up for many showers. In case of ANAHIST and AUGERHH&Y are normalized
correctly before writing them to output. The AUGERHIST hgtams are produced for up
to 20 levels (to be specified by the keyword OBSLEYV, page 90ktkiare denoted by ii with
01 < ii < 20, and for various particle types denoted by jj with < jj < 04 with the meaning:
00 =gamma01 =electron 02 =positron 03 =muon 04 =hadron

10.5 .long File Output

The optional file DATnnnnnn.long’ written to the directory DSN (keyword DIRECT page
94) contains a table of the longitudinal distribution ofigais particle numbers, arranged in the
columns:

depth, v, e*, e, u™, u~, hadrons, charged particles, nuclei, Cherenkov photons'%5-10,

105The Cherenkov photon longitudinal distributions are inficesd by selecting the preprocessor options INTC-
LONG and NOCLONG (page 40, see also page 88) and AUGCERLOMNGe(g1).
1061n case of the NEUTRINO or NUPRIM options theutrinos are given instead of th€ herenkov photons.
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In a second table the longitudinal distributions of energpasit (in GeV) by various par-
ticle species are given in columnslepth, v energy cut, e ionization, e* energy cut,
w* ionization, u energy cut, hadron ionizationhadron energy cut, neutrino'®’, sum of all.
For both tables the binning is in vertical depth (in gf¢ras specified by the keyword LONGI,
rsp. slant depth (in g/cthif the SLANT option (page 57) has been selected. This tabtpud
is activated by the keyword LONGI (page 87).

10.6 .tab File Output

The optional file D ATnnnnnn.tab’ written to the directory DSN (keyword DIRECT page 94)
contains information on the particles arriving at the loidegtector level. Activation is done by
the keyword PAROUT (page 94). There are 3 tables contairgpgrately the number of, e*,
andu* particles binned into energy (40 bins ranging frafo keV to 10 TeV in logarithmic
steps), time delay relative to a spherical shower front (86 kanging froml0 nsec tol0 usec

in logarithmic steps), and core distance (20 bins ranginghfs0 m to 5 km in logarithmic
steps).

Additionally a fourth table is written containing the longilinal development of, e, e, ™,
1~ , hadrons, andcharged particles (see Sect. 10.1 page 118) in steps as defined byokayw
LONGI (page 87). This fourth table output is activated by plaeameter LLONGI of keyword
LONGI.

10.7 .dbase File and .info File Output

To build up a data base as a directory of a shower library weitéibles a computer aided
search for specific shower events, thhieATnnnnnn.dbase’ file (page 104) 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 19 (page 134). In the AUGERINFersion this file is named
"D ATnnnnnn.info’ and for each parameter a new line is started omittivegit mark separators.
It should be noted, that some of the parameters listed ineTaBlare present only with the
selected options e.g. for thinning (page 58), for extert@logpheres (page 41), for viewing
cone (page 61), or for Cherenkov telescopes (page 38).

107The counting of energy going into neutrinos is describedhénthird item of Sect. 10.1 (page 119).
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Content of D ATnnnnnn.dbase (rspD AT nnnnnn.info) file

Keyword Content (Format)

#version# version number (F6.3)

#versiondate# date of version YYYYMMDD (19)

#modelversion# | version number of high-energy hadronic interaction prog(&8.3)

#rundate# date of run YYYYMMDD (19)

#computer# computer option (12) (3=UNIX/LINUX, 4=Macintosh)

#curved# number indicating CURVED option (12)(2=curved, O=else)

#neutrino# number indicating NEUTRINO option (12)

#cerenkov# number indicating CERENKOV option (12)

#runnumber# run number (17)

#primary# particle code of primary patrticle (15)

#erangel# lower end of primary energy range (E14.7)

#erangeu# upper end of primary energy range (E14.7)

#slope# slope of primary energy spectrum (E15.7)

#nkg# number indicating use of NKG option (12)

#egs# number indicating use of EGS4 option (12)

#model# high-energy hadr. int. model (O=HDPM, 1=VENUS, 2=SIBYLL,
3=QGSJET, 4=DPMJET, :%&XUSs/EPOS) (12)

#gheisha# low-energy hadr. model(1=GHEISHA, 2=UrQMD, 3=FLUKA) (12)

#isobar# low-energy hadr. model(1=GHEISHA, 2=UrQMD, 3=FLUKA) (12)

#model+crossect# high-energy hadr. model and cross-sections (O=HDPM, 1NVE,
22=SIBYLL, 33=QGSJET, 44=DPMJET, 55X Us, 66=EPOS (12);

#hadflagl# number indicating NFLAIN (12)

#hadflag2# number indicating NFLDIF (12)

#hadflag3# number indicating NFLPI0 (12)

#hadflag4# number indicating NFLPIF (12)

#hadflag5# number indicating NFLCHE (12)

#hadflag6# number indicating NFRAGM (12)

#longi# number indicating use of longitudinal sampling (12)
#longistep# step width for longitudinal sampling (E14.7)
#magnetx# horizontal component of Earth’s magnetic field (E15.7)
#magnetz# vertical component of Earth’s magnetic field (E15.7)
#nobslev# number of observation levels (13)

#obslevl# height of highest observation level (E15.7)
#obslev2# height of 2nd observation level (E15.7)

#obslev3# height of 3rd observation level (E15.7)

#obslev4# height of 4th observation level (E15.7)

#obslevs# height of 5th observation level (E15.7)

#obslev6# height of 6th observation level (E15.7)

#obslev7# height of 7th observation level (E15.7)

#obslev8# height of 8th observation level (E15.7)

#obslevo# height of 9th observation level (E15.7)

#obslev10# height of 10th observation level (E15.7)

#hcut# energy for hadron cut (E14.7)

#mcut# energy for muon cut (E14.7)

#ecut# energy for electron cut (E14.7)

Table 19: Content oD AT'nnnnnn.dbase (rspD AT nnnnnn.info) file (to be continued).
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Content of D ATnnnnnn.dbase (rspD AT nnnnnn.info) file (continued)

Keyword Content (Format)

#gcut# energy for gamma cut (E14.7)

#thetal# lower end off range (E14.7)

#thetau# upper end of range (E14.7)

#phil# lower end ofp range (E15.7)

#phiu# upper end ofp range (E15.7)

#fixhei# fixed height of first interaction (E14.7)

#nlsttr# first target (13) (O=random air, 1=Nitrogen, 2=0xygen, 3g#in)
#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.) (EI3
#himpact2# upper limit of horizont. shower axis (skimming incid.) (ET%#
#muaddi# number indicating use of additional muon information (12)
#nseq# 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)

#seg2seed2# number of calls of sequence 2 (19)

#seq2seed3# billions of calls of sequence 2 (19)

#seq3seedl1# 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 .Ist 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 telescope (4F11.1)

#cscat # number and range of scatteringany (2F10.1)

#thinning# number indicating use of thinning (12)

#thinnlevhad#
#thinnlevem#
#maxweighthad#
#maxweightem#
#rad max#
#energyprim#
#thetaprim#
#phiprim#

thinning level hadronic (E14.7)

thinning level em (E14.7)

weight limit hadronic (E14.7)

weight limit em (E14.7)

maximum radius for radial thinning [m] (E14.7)

primary energy of first shower (E14.7)
primary’sf of first shower (E14.7)
primary’s ¢ of first shower (E14.7)

Table 19: (continued) Content &1 AT nnnnnn.dbase (rspD AT nnnnnn.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. Hexfbie 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 variableed

in /ICOMMONS/. This enables to check the names which you give yariables for conflicts
with names already used within CORSIKA. The names of the CORSI#&®Amons start with

CR....

to prevent conflicts with common or subroutine namesnékt interaction program

packages.

As the largest fraction of the CORSIKA routines is written in GA&L letters, you are advised
to use lower case characters for your private program extessT his 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 rurcoconut(without arguments) to configure and install CORSIKA.
Various options are available ircoconutfor expert use only:

-- * . Any additional option with trailing- will be passed on tdconfigure directly
(try e.g.--help ).

-h, --help  : Display a help file and stop.
-b, --batch : No user interaction, just take DEFAULT and CACHED configwoati

-c, --clean : Executemake clean (if CORSIKA is already installed once). Re-
move all object files and stop.

-d, --distclean : Executemake distclean  (if CORSIKA is already installed
once). Remove all files produced by the installation (but hetlinaries irrun/ ) and
stop.

-e, --expert . Activate expert mode with additional configuration steps.

--dev : Activate development mode without predefined system clatign flags and
without optimization flag.

-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).

-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
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selection ... except if it was never done before. Mizkefiles are not yet installed,
Jconfigurewill be called once).

e -n, --no-cache : Do not use cached configuration.

o -t, --dist : Torunmake dist (skips configuration).

e Configure options : Any option can be transferred tmnfigure for more informa-
tionuse-h or--help 1'%, but--prefix ,--bindir  and--libdir are already de-

fined in./coconut You should not change this options. Values defineklGg, $CCLAGS
$CXX $CXXFLAGSS$CPPR, $CPPFLAGSNd$LDFLAGSenvironment variable are al-
ways used if defined. To use the values define@k77 and $FFLAGS environment
variable in./coconut the following environment variable has to be defined:

setenv CORSIKA_USER_COMP yes

If $CORSIKAUSERCOMHRs not empty, ther/coconutdoes not set any®RTRAN com-
piler name or flags. If they are not defined by you (see A.1 toaktiee 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 (savefilibdir/include-
/config.h ) and then work directly on therc /corsikaF file (FORTRAN+preprocessor com-
mands). To compile this modified source without callaogpfigureagain, 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 lilmsintorun /corsika(V ER){OS)-
({HIGH) (low)'* by typing

.JJcoconut --install

in your corsika-75700/ directory'°.
When the development phase is over, you can use the standartpre

Jcoconut [deV]

108 Call configurehelp.

199Where (V ER) is the version number0OS) is the operating system used for compilatio®, /G H) is the
chosen high energy hadronic interaction model énd) is the chosen low energy hadronic interaction model.

110The ./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 (tfev is not used any more, you will have to type
.Jcoconut-distclean ormake distclean in corsika-75700/ first.).

We strongly recommend to use this scheme (instead of thaitraal 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 comnsauad 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 thé\/akefiles, use/coconutdev (note thedev optiont!'!), select your options
and, at the end, save the source code and do not compile. Jfdieonly have to rename your
source filecorsika(VER){(OS)_(HIGH)_(low)_compilefile.f to compilefile.f and then
you have to typemakein src/ to compile ormakeinstall in your corsika-75700/
directory to (compile and) link to get a binary file. In thissea you should not use’coconut
any more, because this will not take into account your maatifims (and even overwrite the
compile file.f). Of course, if you already used some "home-madié&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 problenfstechnical or
physical nature with the code or the results you obtain frioilease report all problems to the
address mentioned on page 3. When applying for help in casgagiit is recommended to
transmit the control printout file (.Ist file) , as it contains the selected preprocessor options as
well as it echos the employed input keywords with their pastars.

Special interest exists in comparisons of CORSIKA simulatiaith experimental cosmic ray
data.

Suggestions to improve CORSIKA in any respect are welcome.

1111f you don’t use thedev option when running/coconut you can follow the same scheme but using
Makefiles located incorsika-75700/lib/'uname’/ and corsika-75700/lib/’uname’/src/
(for instance corsika-75700/lib/Linux/src/ if you work on a LINUX system) instead of just
corsika-75700/
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A Compilation and Linking

Using the./coconutscript, it will call make automatically and nothing has to be done. But for
expert people who want to do their owia ke 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(VER)(OS) (HIGH) (low)_compilefile.f in the src/  subdirectory.
This subdirectory is the working directory for the followicommands. Thisorsikacompile-
file.f FORTRANfile and theeposxxx.f, nexusxxx.f, ggsjet-11-04.f (rsp. qgsjet01d.f), sibyll2.3.,
venus.f, and gheisha_2002d.f sources and/or thergqmd FORTRAN files have to be compiled
before linking them together to obtain an executable modiiteprevent overwriting of local
variables by optimization of some compilers SAVE staterméwhich replace the ’- static’ op-
tion to be used for the previous release) have been impledehtoughout in the GRTRAN
files of corsika.compilefilef, gheisha_2002d.f, qgsjet-11-04.f (rsp. qgsjet01d.f), sibyll2.3.1,
andvenus.f. It is recommended to use the 'bounds cheldk’option for first trials to inhibit
uncontrolled array operations outside the allowed indegea

e For DEC-UNIX machines the procedure looks like
f77 -c -check _bounds $1.f 2 >$l.err
(This means: Suppress the loading phase; generate codefaonpeuntime checks on
subscript.)

e Procedures for LINUX computers with GNU g77 compilers skiobé used without
optimizatiort!? and are
g77 ¢ -O0 $1.f 2 >$l.err
to ensure correct simulations.

e Procedures for LINUX hosts (with 64bit AMD CPU’s) with GNU gtémpilers should
be used without optimizatidf* and are
g77 -c -O0 $1.f 2 >$l.err
to ensure correct simulations with the correct data formh#t@binary output files.

e Hosts with Portland pgf77 compiler available might use
pgf77 -c -02 $1.f 2 >$l.err
which gives a fast and reliable executable on LINUX hosts.

112But not using GFORTRAN compiler, it will result in unexpedtstop.

113Do not use the optimization without carefully checking tesuits. There is bad experience with GNU g77
(v0.5.24 and egcs-2.91.66) which frequently brings NaNparticle 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 (messaBRSGM: 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 thetE1 option should also be used in the link step.

These compiler procedures should be used for all needed RAN programs. Our experience
with machines other than DEC or LINUX are sparse.

EPOS option: The compiler procedures of the standard case (see begirs@uihsection A.1)
should be used.
To compile theepos .f  source filesin./epos/  you should use thé/ake file.ka available

with EPOS (omitting the link step).
For compiling and linking EPOS you presumably have to give

limit datasize unlimited
limit stacksize unlimited

to overcome the small default values of many compilers wieetd to an error stop during
linking. Linking is performed e.g. by
f77 corsika_compilefile.o gheisha 2002d.0 ../epos/ *.0 -0 corsika\vers

where the compiled EPOS program parts are expected to balaeawithin the subdirectory
..lepos/

NEXUS option: The compiler procedures of the standard case (see beginsafuhsection
A.1) should be used.
To compile thenexusxxx.f  source files in./nexus/ you should use thélakefile.ka

available withnEXUs (omitting the link step).
For compiling and linkingNEXUS you presumably have to givé

limit datasize unlimited

limit stacksize unlimited

to overcome the small default values of many compilers wheeld to an error stop during
linking. Linking is performed e.g. by

f77 corsika_compilefile.o gheisha_2002d.0 ../nexus/ *.0 -0 corsika\vers

where the compiledlEXUS program parts are expected to be available within the setidiry
..Inexus/

FLUKA option: For compiling the CORSIKA-FLUKA version of theorsika.compilefilef,
the FLUKA include files should be available in the subdiregtfoom which you are calling the
compiler to include them into the CORSIKA-FLUKA linking rongs at the appropriate places.
Preferentially you use the 77 rsp. g77 compiler with theapt

-I flukadirectoryflukapro
to indicate the compiler where to find the include files. Fbstps using the FLUKA package
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you presumably have to gité

limit datasize unlimited
limit stacksize unlimited

to overcome the small default values of many compilers wigah to an error stop during link-
ing.

URQMD option: For compiling the CORSIKA-URQMD version of treorsika.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 appropiptaces. Alternatively you
may use the f77 rsp. g77 compiler with the option

-I../urgmd

to indicate the compiler where to find the include files. Thmpier procedures of the standard
case (see begin of this subsection A.1) should be used toilothecorsika compilefilef .
Theurgmdl.3corstar.gz file contains the UrQMD21.8ors source routines with slight modifi-
cations to adapt them for the use with CORSIKA. To compile thés@MD source files one
uses thgg)make command with the optioAf GNUmakefilecorsika(omitting the link step)
in the../Jurgmd/  subdirectory.

NUPRIM option: When compiling the CORSIKA-NUPRIM version of tleersika.compile
file.f, the HERWIGC.INC include file should be available in the subdirectoryrirarhich you
are calling the compiler to include it into the CORSIKA-HERWIBKing routines at the ap-
propriate places. Alternatively you may use the 77 rsp. gpipiler with the option
-I../herwig

to indicate the compiler where to find the include file.
This include file is a simple copy of the HERWIGNN.INC file prded 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) witBitHEBRWIG rou-
tines;

e when using the NUPRIM option together wikEXus or EPOS: Rename theOMMON
[JET/ within herwig6510.f.

e when using the NUPRIM option together with PYTHIA (CHARM optjoihe subrou-
tines UPINIT and UPEVNT appear in both codes. Please comofttite calls to these
routines and both dummy routtines in the henemysika.f to enable the link step without
problems.
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The compiler procedures of the standard case (see begirsaiuibsection A.1) should be used
for the CORSIKA-NUPRIM version as well as for HERWIG.

C-file: If you have specified the TIMERC option, the PRESHOWER optiortherEFIELD
option you need the compilation of tl@&files timerc.c, preshw.c with utils.c andveto.c, or
el field.c, but also the routingsbu f.c andtrap fpe.c using a command like

cc -c timerc.c (rsp. cc -c preshw.c ).

For the compilation of th€-routines of the bernlohr package see the instructionseteld with
the bernlohr package [41].

A.2 Linking

For linking of most CORSIKA versions typically a procedure ged (assuming QGSJET is
employed) like:
g77 corsika _compilefile.o gheisha _2002d.0 qgsjet-11-04.0 trapfpe.o \

-0 corsika

For linking the large packages of FLUKA, UrQMD, EPOS, HERWIN&EXUS, and VENUS
you presumably have to give

limit datasize unlimited

limit stacksize unlimited

to overcome the small default values of many compilers whéald to an error stop during link-
ing.

If the pgf77 compiler has been used for compilation, you should also g&&/dor linking:
pgf77 corsika  _compilefile.o gheisha _2002d.0 qgsjet-11-04.0 -0 corsika

For linking FLUKA versions the FLUKA library has to be included in the link step
g77 corsika _compilefile.o qgsjet-11-04.0 trapfpe.o \
-L flukadirectory -lflukahp -o corsika

For linking FLUKA with pgf77 you should use the optiorg77libs  in the link step to
ensure that the runtime libray of g77 is available as it is needed for running the FLUKA
routines.

In the run step of FLUKA versions the environment variabld JARO has to be set farsh
shell

setenv FLUPRO flukadirectory

or for bash/sh shells

export FLUPRO= flukadirectory

which is necessary to link the data files which will be readyrtie FLUKA package. Addi-

114Be aware that the FLUKA LINUX version and the runtime librame fitting together.

143



tionally the stacksize and datasize limits have to be ovaecalso in the run step.

Linking of URQMD versions is performed easiest (e.g. for DEC-UNIX) by
f77 corsika _compilefile.o qgsjet-11-04.0 ../urgmd/obj _urgcors/  *.0 \
trapfpe.o -0 corsika75700 _QGS-Il _urg13

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 option, or the EBIBption you
need the linking with the compile@-files timerc.0, rsp. preshw.o with utils.0 andveto.o,
el field.o, but also théobu f.0 andtrap f pe.o modules.

For linking the compiledC-routines of the bernlohr package see the instructionseteld with
the bernlohr package.
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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 QGSJEToopfiNTTEST option in brackets)
as example, other interaction model options may diffethslyg The indentation gives the hier-
archy of subroutines. Subroutine names are written in CARHA

AAMAIN (CORSIKA main program)
START
write  CORSIKA version and options

PAMAF
set particle masses and decay times

DATAC
read keywords from input

set OBSLEVY atmospheres and layers
initialize random generator
read NUCNUCCS cross-section tables

FILOPN

open output files and external stack
QGSINI

initialize QGSJET- 11

QGSET QGSJET- II)

QGAINI ( QGSJET- II)
read qgsdat-11-04 and sectnu-11-04

QGSSIGINI

CGHINI
initialize GHEISHA

EGSIN1
initialize EGS4

EGSIN2
read EGSDATG6.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...

(print Cherenkov scatter table)

MUPINI
set p-parameters and [-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 Particle Identification in Different Programs

Particle | Particle Particle Identification code
name | mass'® | life time!!® CORSIKA | DPMJET| PYTHIA EPOS | QGSJET| SIBYLL
[GeV] [sec] HERWIG | NEXUS
(PDG) | (ISAJET)

~ 0. stable 1 7 22 10 1
et .000511 | stable 2 4 -11 -12 2
e .000511 | stable 3 3 11 12 3
ut .105658 | 2.197*10°6 5 10 -13 -14 4
wo 105658 | 2.197*10°6 6 11 13 14 5
e 134977 | 8.4*10° 17 7 23 111 110 0 6
mt 139570 | 2.6033*10°8 8 13 211 120 1 7
T 139570 | 2.6033*10°8 9 14 -211 -120 -1 8
K¢ 49761 | 5.18*10°8 10 12 130 (230) -5 11
K+ 493677 | 1.2384*10°8 11 15 321 130 4 9
K- 493677 | 1.2384*10°8 12 16 -321 -130 -4 10
n .939565 | 880.3 13 8 2112 1220 3 14
P .938272 | stable 14 1 2212 1120 2 13
D .938272 | stable 15 2 -2212 -1120 -2 -13
K3 49761 | 8.954*10° ! 16 19 310 (230) 5 12
n 547862 | 5.02*10° 19 17 31 221 220 10 23
A 1.11568 | 2.632*10°10 18 17 3122 2130 6 39
>t 1.18937 | 8.018*10°!! 19 21 3222 1130 34
»° 1.192642| 7.4*10°20 20 22 3212 1230 35
- 1.97449 | 1.479*10°10 21 20 3112 2230 36
=° 1.31486 | 2.90*10°10 22 97 3322 1330 37
== 1.32171 | 1.639*10°10 23 98 3312 2330 38
Q- .1.67245 | 8.21*10° 1! 24 109 3334 3331 49
n .939565 | 880.3 25 9 -2112 -1220 -3 -14
A 1.115683| 2.632*10°1° 26 18 -3122 -2130 -6 -39
¥ 1.18937 | 8.018*10° ! 27 99 -3222 -1130 -34
>° 1.192642| 7.4*10°20 28 100 -3212 -1230 -35
D 1.197449| 1.479*10°10 29 101 -3112 -2230 -36
=° 1.31486 | 2.90*10°'° 30 102 -3322 -1330 -37
=t 1.32171 | 1.639*10° 10 31 103 -3312 -2330 -38
[N 1.67245 | 8.21*10° ! 32 115 -3334 -3331 -49

Table 20: Particles used in different programs (to be comet).
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Particle | Particle Particle Identification code
name | mass'® | life time!'’® | CORSIKA | DPMJET| PYTHIA | EPOS | QGSJET| SIBYLL
[GeV] [sec] HERWIG | NEXUS
(PDG) | (ISAJET)

w .78265 | 7.75*10°23 50 35 223 221 32
p° .769 4.14*10°24 51 33 113 111 -10 27
pt 7665 | 4.14*10°%4 52 32 213 121 25
p- 7665 | 4.14*197%4 53 34 -213 -121 26
ATt | 1.2305 | 5.87*10°* 54 53 2224 1111 40
AT 1.2318 | 5.02*10°2¢ 55 54 2214 1121 41
A° 1.2331 | 5.606*1924 56 55 2114 1221 42
A~ 1.2344 | 510724 57 56 1114 2221 43
A 1.2309 | 5.87*10 % 58 67 -2224 -1111 -40
A~ 1.2323 | 5.02*10 % 59 68 -2214 -1121 -41
A° 1.2336 | 5.606*10°24 60 69 -2114 -1221 -42
At 1.2349 | 5.*10°24 61 70 -1114 -2221 -43
K* | .89581 | 1.398*10°23 62 37 313 231 30
K*t | 89166 | 1.296*10° %3 63 36 323 131 28
K*~ | .89166 | 1.296*10°23 64 38 -323 -131 29
K*° | .89581 | 1.398*10 23 65 39 -313 -231 31
Ve 0. stable 66 5 12 11 12
T 0. stable 67 6 -12 -11 -12
Yy 0. stable 68 135 14 13 14
7, 0. stable 69 136 -14 -13 -14

Table 20: (continued) Particles used in different progréém$e continued).

H5CORSIKA values; values in other programs may slightly diffe
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Particle | Particle Particle Identification code
name | mass!® | life ime'’®> | CORSIKA | DPMJET| PYTHIA | EPOS | QGSJET| SIBYLL
[GeV] [sec] HERWIG | (ISAJET)
(PDG)
D° 1.8645 | 4.101*10°13 116 116 421 -140 8 71
D+ 1.8697 | 1.040*10°!2 117 117 411 -240 7 59
D 1.8697 | 1.040*10712 118 118 -411 240 -7 60
D’ 1.8645 | 4.101*10°13 119 119 -421 140 -8 72
DF 1.9682 | 5.00%10°'3 120 120 431 -340 74
Ds | 1.9682 |5.00%10°!3 121 121 -431 340 75
Ne 2.9804 | 3.805*10°% 122 122 441 440 73
D* | 2.0067 | 41072 123 123 423 -141 80
D*t |2.0100 | 6.86*10°% 124 123 413 -241 78
D~ 2.0100 | 6.86*10°2! 125 125 -413 241 79
D*° | 2.0067 | 4*10% 126 126 -423 141 81
Dt 121121 | 410722 127 127 433 -341 76
Dr 2.1121 | 4*10°% 128 128 -433 341 77
J/vy | 3.096916| 7.233*10°2! 130 130 443 441 83
r+ 1.77699 | 2.906*10°13 131 131 -15 -16 90
T 1.77699 | 2.906*10°!3 132 132 15 16 91
vr 0. stable 133 133 16 15 92
U, 0. stable 134 134 -16 -15 93
A 2.28646 | 2.00*10° 13 137 137 4122 2140 9 89
=F 2.4679 | 4.42*10°13 138 138 4232 3140 87
=0 2.4710 | 1.12*10°13 139 139 4132 3240 88
»H+t | 2.45402 | 2.95%10722 140 140 4222 1140 84
) 2.4529 | 2.*10722 141 141 4212 1240 85
° 2.45376 | 3.107% 142 142 4112 2240 86
=+ 125757 | 11072 143 143 4322 1340
Zre 25780 | 1.*107% 144 144 4312 2340
Qe 2.6975 | 6.9*10° 1 145 145 4332 3340 99
A, | 2.28646 | 2.00%10°13 149 149 -4122 -2140 -9 -89
=, | 24679 | 4.42x10°13 150 150 -4232 -3140 -87
Z 2.4710 | 1.12*10°13 151 151 -4132 -3240 -88
Y. | 2.45402 | 2.95*102? 152 152 -4222 -1140 -84
Y. | 24529 | 2*10°2 153 153 -4212 -1240 -85
.. | 2.45376 | 3.*10°% 154 154 -4112 -2240 -86
=~ | 25757 | 110723 155 155 -4322 -1340
= 25780 | 1.*107% 156 156 -4312 -2340
Q. | 26975 |6.910 4 157 157 -4332 -3340 -99

Table 20: (continued) Particles used in different progrém$e continued).
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Particle | Particle Particle Identification code
name | mass!® | life time!!® | CORSIKA | DPMJET| PYTHIA | EPOS | QGSJET| SIBYLL
[GeV] | [sec] HERWIG | (ISAJET)
(PDG)
Y+t | 25184 | 3.66*10°23 161 161 4224 1141 94
Yt | 25175 | 4*10°% 162 162 4214 1241 95
e | 25180 | 5.06*10°% 163 163 4114 2241 96
3 2.5184 | 3.66*10° 23 171 171 -4224 1141 -94
b 25175 | 410 % 172 172 -4214 1241 -95
¥x° | 2.5180 | 5.06*10 % 173 173 -4114 2241 -96
B° 5.27961| 1.520*10 2 176 511
BT 5.27929| 1.638*10!2 177 521
B 5.27929| 1.638*10 12 178 -521
B’ 5.27961| 1.520*10 2 179 -511
B? 5.36679| 1.510*10 '2 180 531
By® | 5.36679| 1.510*10°'2 181 -531
Bf 6.2751 | 5.07*10° 13 182 541
B. | 6.2751 | 5.07*10°13 183 -541
AS 5.61951| 1.466*10 2 184 5122
2, 5.8155 | 1.34*10 22 185 5112
F 5.8113 | 5.72*10°% 186 5222
= 5.7918 | 1.464*10°'2 187 5232
=y 5.7944 | 1.560*10 2 188 5132
Q, 6.0480 | 1.57*10°'2 189 5332
Ay 5.61951| 1.466*10 12 190 -5122
" | 5.8155 | 1.34*10°22 191 -5112
Y, | 5.8113 | 5.72x10°% 192 -5222
= 5.7918 | 1.464*10 12 193 -5232
Z,7 | 5.7944 | 1.560%10°'2 194 -5132
0" | 6.0480 | 1.57*10712 195 -5332

Table 20: (continued) Particles used in different programs
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E Particle Arrays and Registers

current equivalence mother grandmother | meaning
particle particle particle

stack position stack position| stack position
CURPAR(0) | (ITYPE) SECPAR(17)| SECPAR(28) | particle identifier
CURPAR(1) | GAMMA SECPAR(18) | SECPAR(29) | ~ Lorentz factor (or energy)
CURPAR(2) | COSTHE | SECPAR(19)| SECPAR(30) | cos(60) vertical direct. cosink
CURPAR( 3) | PHIX SECPAR(20) | SECPAR(31) | sin(8) - cos(¢) horizont. direct. cosine
CURPAR(4) | PHIY SECPAR(21) | SECPAR(32) | sin(6) - sin(¢) horizont. direct. cosine
CURPAR(5) | H SECPAR(22) | SECPAR(33) | height [cm]
CURPAR(6) | T SECPAR(23) | SECPAR(34) | time [sec] (since first interaction)
CURPAR(7) | X SECPAR(24) horizontal position [cm]
CURPAR(8) | Y SECPAR(25) horizontal position [cm]

(GEN) SECPAR(35) | generation counter of mother particle
CURPAR(9) | CHI SECPAR(36) | x depth to next interaction [g/cFh
CURPAR(10) | BETA B3 =vlc fraction of speed of light
CURPAR(11) | GCM ~ Lorentz factor in cms-system
CURPAR(12) | ECM energy in cms-system [GeV]
CURPAR(13) | WEIGHT SECPAR(26) | SECPAR(37) | weight for thinning?
CURPAR(14) | HAPP apparent height [cm]
CURPAR(15) | COSTAP cos(0*) apparent zenith angle cosife
CURPAR(16) | COSTEA cos(fg) angle at Earth center cosifle
CURPAR(17) transverse momentum [GeV/¢]
CUTPAR(18) random seed

SECPAR(27) | SECPAR(38) | (not used)

CURPAR(39) ECT-flag®
CURPAR(40) (not used)
CURPNQ_(z'éL) weights for different thin mode%

1 9 = zenith angleg = azimuth angle

2 THIN option

3 CURVED option
4 INTTEST option
5 PARALLEL option
6 MULTITHIN option

Table 21: Meaning of particle array positions.
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register / stack numt_)er of content located in
name particles
PRMPAR 1 primary particle common PARPAR
CURPAR 1 current particle common PARPAR
: AAMAIN, BOX3,
PROPAR 1 propagated particle MUTRAC
SECPAR 1 secondary patrticle common PARPAR
OUTPAR 1 output / propagated particlecommon PARPAR
AMUPAR 1 additional muon info common MUPART
CUTPAR 1 cutted particle common PARPAR
STACKINT | 200000 | Mermediate stack common STACKINT
for thinning
680
5 : .
STACK] 6243 intermediate sf[ack common STACKF
512 for external file
50 000!
STACKJ 50 000! | intermediate stack common STACKF
(MEXST) 00 particle stack (scratch file)
DATAB 39 output buffer common BUFFS
(STACKE) 60 em-particle stack common STACKE
L PARALLEL option
2 THIN option

3 CURVED option

Table 22: Particle registers / stacks with sizes.
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F Atmospheres

The atmosphere adopted consistdVef O,, and Ar with the volume fractions 6f8.1%, 21.0%,
and0.9% [78]. The density variation of the atmosphere with altitislsmodeled by 5 layers. In
the lower four of them the density follows an exponentialalggence 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 . (1)
In the fifth layer the mass overburden decreases linearly kngtght
T(h) = a5 — b5 : h/C5

The boundary of the atmosphere in this model is defined at ¢ighhwhere the mass over-
burden?’(k) vanishes (which is @ = 112.8 km for the U.S. standard atmosphere).

Various atmospheres are foreseen: U.S. standard atmegpdr@ameterized according to J. Lins-
ley [79], 7 typical atmospheres as measured above Stufagautc0 km away from Karlsruhe)
at various days of 1993 and transmitted by Deutscher WettestlOffenbach (parameterized
according to Ref. [80]), 4 South pole atmospheres (parameteby D. Chirkin according to
the MSIS-90-E model [81]), two South pole atmospheres byifark [82], and 12 monthly
dependent atmospheres for the Pierre Auger Observatoeriexgnt at Malarge (Argentina)
parameterized with GDAS-data by M. Will and B. Keilhauer [83)]. B. Keilhauer provided
also a new parameterization of the U.S. standard atmospfdre parameters;, b;, andc;
are selected in a manner that the functiofh) is continuous at the layer boundaries and can
be differentiated continuously. In Tables 23 - 49 the patansefor the various models are
listed. Additional atmospheres [42] are available by thenad ATMOSPHERE (page 72) in
the ATMEXT option (page 41). User specific atmosphere pataraenay be read in using the
keywords ATMOD, ATMA, ATMB, ATMC, and ATMLAY.

U.S. Standard Atmosphere

| Layeri | Altitude i (km) | a; (g/cn?) | 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 10°

Table 23: Parameters of the U.S. standard atmosphere [(afstey).
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Middle Europe

| Layeri | Altitude 2 (km) | a; (g/cn?) [ bi(g/en?) | ¢ (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 24: Parameters of the AT115 atmosphere (January 923).19

| Layeri | Altitude h (km) | a; (glcn?) | 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 - 1074 608.2128 | 733793.8
5 > 100 0.01128292 1 10”

Table 25: Parameters of the AT223 atmosphere (Februaryd23)1

| Layeri | Altitude b (km) [ a; (g/cn?) | 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 26: Parameters of the AT511 atmosphere (May 11, 1993).
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| Layeri | Altitude i (km) | a; (g/cn?) | 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 27: Parameters of the AT616 atmosphere (June 16,.1993)

| Layeri | Altitude & (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 - 107* | 685.6073 | 726901.3
5 > 100 0.01128292 1 10?

Table 28: Parameters of the AT822 atmosphere (August 23)199

| Layeri | Altitude i (km) | a; (g/cn?) | b; (g/cn¥) | ¢ (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 1 107

Table 29: Parameters of the AT1014 atmosphere (October9b38)1

| Layeri | 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 - 101 629.7611 | T7T31776.5
5 > 100 0.01128292 1 10°

Table 30: Parameters of the AT1224 atmosphere (Decembé&p23).
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South pole

| Layeri | Altitude & (km) | a; (g/cn?) | b; (glent) | ¢; (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 31: Parameters of South pole atmosphere for March9®¥, (MSIS-90-E).

| Layeri | Altitude h (km) | a; (g/cn?) | b; (glent) | ¢; (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 32: Parameters of South pole atmosphere for Jul. @¥, (SIS-90-E).

| Layer: | Altitude h (km) | a; (g/cn?) | b; (glent) | c; (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 33: Parameters of South pole atmosphere for Oct. @7, M4SIS-90-E).
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| Layer: | Altitude h (km) | a; (g/cn?) | b; (glent) | 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 34: Parameters of South pole atmosphere for Dec. 3%, (MSIS-90-E).

| Layeri | Altitude h (km) [ a; (g/cn?) | b; (g/cn) | c; (cm)
1 0. ... 2.67 —113.139 1133.10 861730.
2 267... 5.33 — 79.0635 1101.20 826340.
3 5.33... 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 35: Parameters of South pole atmosphere for JanugugriL

| Layeri | Altitude 2 (km) [ a; (g/cn?) | 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 - 107

Table 36: Parameters of South pole atmosphere for Augusafi).i
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Keilhauer's U.S. standard atmosphere

| Layeri | Altitude & (km) | a; (g/cn?) | b (glen?) | ¢ (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. 10

Table 37: Parameters of the U.S. standard atmosphere Kaflbauer).

Malarg Gie (Argentina)

| Layeri | Altitude A (km) | a; (g/cn?) b (glen?) | ci(cm) |
1 0. ... 94 —136.72575606 1174.8298334 982815.95248§
2 94...15.3 — 31.636643044 1204.8233453 754029.87759
3 15.3... 31.6 1.8890234035 1637.7703583 594416.83827
4 31.6...100.0 3.9201867984 - 10~* | 735.96095023 733974.36972
5 > 100.0 0.01128292 1. 10’
Table 38: Parameters of January (GDAS).
| Layeri | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 9.2 -137.25655862 | 1176.0907565 981369.6125
2 9.2...154 -31.793978896 | 1197.8951104 756657.65383
3 154... 31.0 2.0616227547 1646.4616955 592969.89671
4 31.0...100.0 | 4.1243062289 - 10~* | 755.18728657 731345.88332
5 > 100.0 0.01128292 1. 10’

Table 39: Parameters of February (GDAS).
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| Layer: | Altitude h (km) | a; (g/cn?) b (glcn?) | ci(cm) |
1 0. ... 96 -132.36885162 | 1172.6227784 972654.0563
2 9.6... 15.2 -29.077046629 | 1215.3964671 742769.2171
3 15.2... 30.7 2.090501509 1617.0099282 595342.19851
4 30.7...100.0 | 4.3534337925-10"* | 769.51991638 728921.61954
5 > 100.0 0.01128292 1. 10

Table 40: Parameters of March (GDAS).
| Layer: | Altitude h (km) | a; (g/cn?) b (glen?) | ci(cm) |

1 0. ...10.0 -129.9930412 | 1172.3291878 962396.5521
2 10.0... 14.9 -21.847248438 | 1250.2922774 711452.06673
3 14.9... 32.6 1.5211136484 | 1542.6248413 603480.61835
4 32.6...100.0 | 3.9559055121 -10~* | 713.1008285| 735460.83741
5 > 100.0 0.01128292 1. 10°
Table 41: Parameters of April (GDAS).
| Layeri | Altitude 7 (km) | a; (g/cny) b (g/cn?) | ci(cm) |
1 0. ...10.2 -125.11468467 | 1169.9511302 947742.88769
2 10.2... 15.1 -14.591235621 | 1277.6768488 685089.57509
3 15.1... 35.9 0.93641128677 | 1493.5303781 609640.01932
4 35.9...100.0 | 3.2475590985 - 10~* | 617.9660747| 747555.95526
5 > 100.0 0.01128292 1. 10°
Table 42: Parameters of May (GDAS).
| Layeri | Altitude 7 (km) | a; (g/cny) b (g/cn?) | ci(cm) |
1 0. ...10.1 -126.17178851 | 1171.0916276 940102.98842
2 10.1... 16.0 -7.7289852811 | 1295.3516434 661697.57543
3 16.0... 36.7 0.81676828638 | 1455.3009344 612702.0632
4 36.7...100.0 | 3.1947676891 - 10~* | 595.11713507 749976.26832
5 > 100.0 0.01128292 1. 10°

Table 43: Parameters of June (GDAS).
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| Layeri | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 9.6 -126.17216789 | 1172.7340688 934649.58886
2 9.6... 16.5 -8.6182537514 | 1258.9180079 672975.82513
3 16.5... 374 0.74177836911 | 1450.0537141 614888.52458
4 37.4...100.0 | 2.9350702097 - 10~* | 583.07727715 752631.28536
5 > 100.0 0.01128292 1. 10°

Table 44: Parameters of July (GDAS).

| Layer: | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 96 -123.27936204 1169.763036| 931569.976285
2 9.6... 15.9 -10.051493041 | 1251.0219808 678861.75134
3 15.9... 36.3 0.84187346153 | 1436.6499372 617363.34491
4 36.3...100.0 | 3.2422546759 - 10~* | 627.42169844 746739.16141
5 > 100.0 0.01128292 1. 10

Table 45: Parameters of August (GDAS).

| Layeri | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 95 -126.94494665 | 1174.8676453 936953.91919
2 9.5...16.2 -9.5556536981 | 1251.5588529 678906.60516
3 16.2... 37.2 0.74939405052 | 1440.8257549 618132.60561
4 37.2...100.0 | 2.9823116961 - 10~* | 606.31473165 750154.67709
5 > 100.0 0.01128292 1. 10’

Table 46: Parameters of September (GDAS).

| Layer: | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 95 -133.13151125 | 1176.9833473 954151.404
2 95...15.5 -13.973209265 | 1244.234531| 692708.89816
3 15.5... 36.5 0.8378263431 | 1464.0120855 615439.43936
4 36.5...100.0 | 3.111742176-10"* | 622.11207419 747969.08133
5 > 100.0 0.01128292 1. 10°

Table 47: Parameters of October (GDAS).
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| Layeri | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 96 -134.72208165 | 1175.7737972 964877.07766
2 9.6... 15.3 -18.172382908 | 1238.9538504 706199.57502
3 15.3... 34.6 1.1159806845 1505.1614366 610242.24564
4 34.6...100.0 | 3.5217025515-10~* | 670.64752105 741412.74548
5 > 100.0 0.01128292 1. 10’

Table 48: Parameters of November (GDAS).

| Layer: | Altitude h (km) | a; (g/cn?) | bi(glen?) | ¢ (cm) |
1 0. ... 96 -135.40825209 1174.644971| 973884.44361
2 9.6... 15.6 -22.830409026 | 1227.2753683 723759.74682
3 15.6... 33.3 1.4223453493 | 1585.7130562 600308.13983
4 33.3...100.0 | 3.7512921774-10~* | 691.23389637 738390.20525
5 > 100.0 0.01128292 1. 10’

Table 49: Parameters of December (GDAS).
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