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Users Manual

1 Introduction

This manual provides description of various switches and options used in
program simulating cosmic ray showers in atmosphere.

Program uses interactive GEANT, so that user can on-line display passage
of particles and their interactions in tracking volumes (atmosphere).

2 Description of program

Program calls interactive GEANT version 3.21 and is written in FORTRAN.
Several PAW macros are used to set initial values of various switches and run
events. Fxecutable files are compiled for HPUX.

2.1 Version with 32 km deep atmosphere

In this version, the atmosphere used in simulation is 32 km deep and
technically consists of 32 GEANT air volumes with dimensions 20 x 1 x 20 km
(x,y,z where y represents vertical direction). Air densities correspond to correct
air densities in altitudes 0.5, 1.5, 2.5, 3.5, ... 31.5 km above the sea level.

To run this version of simulation program you need next files:

e executable file : atmospr-32km

® Macros
o start.kumac : sets default values of switches 4 and 5
o loop32.kumac : runs events

o shower32.kumac : shows averaged longitudinal profile of generated
showers

All needed files are in directory at 1Mo

Go to directory atmo if you are not already there (type cd atmo).



3 How to run it

1) Execute desired executable file from Unix shell ) ./atmospr-32km

It starts interactive GEANT and PAW environment and opens HIGZ
graphics window (you have to press ”Enter” key )

2) Execute start kumac from GEANT prompt ( GEANT> exe start)

This macro defines default values of switches 4 and 5 and initial
kinematics (10 GeV muons) !!I! as well as physics cuts of particle
energies

energy cut value (in GeV) is set to value of 1st macro parameter
exe start 0.001 will set energy cut to 1 MeV - default is 0.5 MeV

3) Define your initial (beam) particle and its kinematics using "KINE”
command
default syntax (set by start.kumac ) :
KINE ipart ptot

ipart (integer ) = GEANT particle code number
ptot (real) = total particle momentum in GeV

for particle code numbers see Tab. 1
4) Execute loop32.kumac to run your events

exe loop32 nevent

nevent (integer ) = number of events to be generated

answer yes/no to decide whether redraw the screen before next event
simulation

yes : every event will be drawn (and saved) separatelly
no : all events will be drawn (and saved) to the same picture

all pictures are automatically saved to postscript file with the name
corresponding to *.ps file creation time (for example 13.17.45.ps)

3.1 What can you see on your screen

There should be blue rectangle on your screen at the beginning with dense
horizontal line structure. This is set of air volumes 32 km high viewed from the
side with Earth surface (sea level) at the bottom. Each horizontal slice represent



1km deep air volume with constant air density. There is a vacuum outside this
structure. Particles are launched from the central (horizontally) point above this

structure.
Visible objects :

blue air volumes (rectangular structure)
red charged particles (except for muons )
muons
blue photons ( blue dotted lines)

black neutrinos and neutral hadrons ( black dash-dotted lines )

3.2 Advanced use

Advanced user can also change initial particle kinematics (vertex and
momentum direction ) and even particle drawing options.

3.2.1 How to change kinematics of primary particle

Initial particle vertex position and individual particle momentum components
are driven by switch number 4. Its value may be changed using SWITCH

command.
SWITCH command syntax is :

SWITCH switchnumber switchvalue

SWITCH 4 1 default !!!
primary particle vertex fixed in vacuum volume 900 m above the
”atmosphere beginning”, particle momentum = ( 0., -ptot, 0.)
KINE command syntax : KINE ipart ptot

SWITCH 4 2

primary particle vertex fixed in vacuum volume 900m above the
"atmosphere beginning”, particle momentum = ( Px, Py, Pz) with
vertical direction along Y axis !!!

KINE command syntax : KINE ipart Px Py Pz
SWITCH 4 3(#1,2)

primary particle vertex coordinates set by user
particle momentum = ( Px, Py, Pz) with vertical direction along Y
axis



KINE command syntax : KINE ipart Px Py Pz Vx Vy Vz

Vx,Vz : distance from atmosphere volume center in meters

Vy . altitude above the sea level in meters

3.2.2 How to change event drawing

Visibility of various particle classes is driven by switch number 5. Its value
may be changed by SWITCH command. For SWITCH command syntax see
previous section.

SWITCH 5 1 default !!!

visible only charged particles (red) and muons (green )
SWITCH 5 2

visible (drawn ) all particles except for gammas ( blue)
SWITCH 5 3

visible (drawn ) all particles except for neutrinos and neutral hadrons
(black )

SWITCH 5 +#1,2,3

visible all particles

3.2.3 Display longitudinal shower profiles
User can also display longitudinal shower profiles and get rought feeling of

shower energy deposition in atmosphere.

e cxecute shower32.kumac : shows histogram with the total energy de-
posited in each air volume

x-axis : altitude above the sea level in km

y-axis : total energy in GeV deposited in the given air volume

1%¢ picture shows energy deposited in air volumes by the last generated
event

274 picture shows energy deposited in air volumes averaged over all
generated events

e hi/oper/reset 100 : to reset histogram with longitudinal shower profiles



When using PAW commands, use the whole command names to
avoid their interference with GEANT commands !

For example : ”opt optionvalue” will never work, ”option optionvalue” should be
used instead !!!
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This table summarises GEANT particle code numbers.
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Table 1: GEAN'T particle code numbers.



