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Archeology of CORSIKA

pre 1989

SHRC-60-K-OSL-E-SPEC (Grieder):

maln structure,

Lsobar wmodel for hadrownte Lnteractions
HDPM § NKG (Capdevielle):

high-energy hadronic tnteractions,

analytic treatment of el.mag.-subshowers
EGS4 (Nelsow et al.):

electron gamma showers

CORSIKA Vers.1.0  FFeb1990

Joh

annes Knapp,Santo André, 2010



First official reference:

Computer Physics Communications 56 (1989) 105-113 105
North-Holland
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extended version of EGS4. The program
CORSIKA (COsmic Ray SImulations for
KASCADE) simulates hadronic showers and has
two options differing in their treatment of the
electromagnetic subshowers and hence in their
requirements of CPU time. It will be described [12] J.M. Capdevielle et al., KfK Report, to be published.
elsewhere [12]. Examples of the computation time
Johannes Knapp,Santo André, 2010
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'Laboratoire de Physique Théorique, Université de Bordeaux,
F-33170 Gradignan, France
2Physikalisches Institut der Universitat Bern,
CH-3012 Bern, Switzerland

Abstract

A detailed simulation program for extensive air showers and first results are
presented. The mass composition of cosmic rays with E, = 10'%¢V can be deter-

mined by measuring electrons, muons and hadrons simultaneously with the
KASCADE detector.

Johannes Knapp,Santo André, 2010
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Preface to KfK 4998 (1992)

Analyzing experimental data on Extensive Air Showers (EAS) or planning corresponding experiments requires
a detailed theoretical modeling of the cascade which develops when a high energy primary particle enters the
atmosphere. This can only be achieved by detailed Monte Carlo calculations taking into account all
knowledge of high energy strong and electromagnetic interactions. Therefore, a number of computer
programs has been written to simulate the development of EAS in the atmosphere and a considerable
number of publications exists discussing the results of such calculations.

A common feature of all these publications is that it is difficult, if not impossible, to ascertain in detail which
assumptions have been made in the programs for the interaction models, which approximations have been
employed to reduce computer time, how experimental data have been converted into the unmeasured
quantities required in the calculations (such as nucleus-nucleus cross sections, e.g.) etc.

This is the more embarrassing, since our knowledge of high energy interactions - though much better today
than ten years ago - is still incomplete in important features. This makes results from different groups difficult
to compare, to say the least. In addition, the relevant programs are of a considerable size which - as
experience shows - makes programming errors almost unavoidable, in spite of all undoubted efforts of the
authors.

We therefore feel that further progress in the field of EAS simulation will only be achieved, if the groups
engaged in this work make their programs available to (and, hence, checkable by) other colleagues. This
procedure has been adopted in high energy physics and has proved to be very successful.

It is in the spirit of these remarks that we describe in this report the physics underlying the CORSIKA program
developed during the last years by a combined Bern-Bordeaux-Karlsruhe effort.

We also plan to publish a listing of the program as soon as some more checks of computational and
programming details have been performed. We invite all colleagues interested in EAS simulation to propose
improvements, point out errors or bring forward reservations concerning assumptions or approximations
which we have made. We feel that this is a necessary next step to improve our understanding of EAS.

Johannes Knapp,Santo André, 2010



ICRC Durban 1997 the Fly's Bye - AGASA

AGASA:
The box is 1.2m wide

\ | (Composition unchanged)

/

Fly‘s Eye:
The box is 0.6m wide

Use the same 5arolst£cle (t.e. Mownte carlo program)

to get consistent results tn different experiments.
Use a well-caltbrated, reliable 5ar0lst£cle

to get correct results.

Johannes Knapp,Santo André, 2010



CORSIKA : the world-wtide standard
(700 users, from 50 countries and 50 expertments)

KfK 4998 + FZKA 6019 > g70 citations !
by far the most cited work of tts authors

(... and more cltations thawn all KASCADE papers together. ~F50)

Johannes Knapp,Santo André, 2010



Performance
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Shower development (qualitatively)
cructal: CO VV&Lath !
- tnelastic cross-sections (S.

Lv\,cl,)‘7
- hadrontc pa vtiele prooluctiow

(LW&LQStLOLtU k’iwel, L.e. fraction of energy converted tinto secondaries)

large cross-sections,

s - } make short showers
high tnelasticity

small cross-sectlons,
make Long showers

Low LweLastiaitg

less crucial:
nuclear fragmentation, de/dx, decays, tracking,
electromagwnetic reactions, ....

Johannes Knapp,Santo André, 2010
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Predicted P-P Cross-Sectlons

[mb]

Total Cross Section

N
N
o

N
o
o

150

100

50

[ T

| Illlllll |

- G,.,(PP) accelerators

-+ 0,.1(PP) accelerators

IIIII| | | IIIIII| | llllllll | IIIIIII| = | | IIIIII.,' | |
= Donnachie-Landshoff g £
-
=== Landshoff 2007 2
== Pancheri 2007 g
- Y 4
<

L
LT llll“l LR R RN R LR R R L L LR AR AL PR AT
&

--.-.---2-
- ]
mm=

IIIIIIII | |

10

10

10°

10°

10°
\s [GeV]

Johannes Knapp,Santo André, 2010



(mb)

p-air
inel

550

500

450

400

350

300

250

p-Alr Inelastic Cross-Sections 1997
=)

0%

° Mielke et al.
u Yodh et al.

A Gaisser et al.

L Baltrusaitis et al.

* Honda et al.

(o) Aglietta et al.

Frichter, Gaisser, Stanev (1997)

e

— VENUS

----- QGSJET
L/fk; -.-.- HDPM
—————————— v MOCCA — DPMJET
| ||||||I | | ||||||I | | ||||||I | | ||||||I | | ||||||I | | ||||||I | | ||||||I | | ||||||I
10 2 10° 10° 10 10’ 10° 10

P, (GeVic)

Johannes Knapp,Santo André, 2010



Cross section (proton-air) [mb]
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HERA weaswred structure functions at small x

The more partons (quarks § gluons)
there are Ln a nucleon
at small x,

the more LLleeLg a colliston Ls to
happen wtth a
high-energy projectile,

and the higher is the
Lnteractlon cross-section.

HERA data help with
extrapolation of
cross-sectlons

to high energies.
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Gluon density at low
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Coverage in x - @2 plane
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Cowversion from. p-p to p-Alr cross sections  (Glawber Theory)
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3 groups applied Glauber theory to deduce
the proton-Air inelastic cross-section from
the measured p-p cross-sections (SppsS, Tevatrow)

origin of difference? what exactly is the nucleon distribution of a nucleus?
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Cross-Sections own
Proton. and Aty

Where data exist
models agree,

where no data exist,
wodels diverge.
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Results ow pa rticle produotiow

Pa rtiele muLtLpLicitg
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Multiplicity distributions of charged particles for 10'°eV ' ‘N coll.
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UAS results at the SPPS Rapidity:
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is additive in Lorentz
transformation.
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ave vapdlels wrong) or badlly) tuned?
< <
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Awnother experiment at the same collider ....

E,, = 630 GeV P23 (Harretal.)
Simulations including experimental trigger
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Harr et al.

[\
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New experimental results tn contradiction to older UAS distributions,
but very good agreement with simulations.

Experimental results are not always to be takewn at face value.

Johannes Knapp,Santo André, 2010



Particle production in forward direction

pp—p X, NAL Hydrogen Bubble Chamber
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Projectile § Target
Parvticipants

Fe - N collistons

most probabLe:
one proj ectile nucleon
hits one target nucleon

Projectile (Fe)
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unphysical
stnee too stmple
nucleus-nucleus
model
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Feynmaw x distribution in p-N

collistons
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very forward reglon
Ls tmportant for
shower development
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Feynman x distribution in. N-N collistons ...
... shouwld be sammetria as well

dN/d x ¢
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Nitrogen-Nitrogen Collisions
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Longitudinal Shower Profiles
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Longitudinal Shower Development

100 showers 1019 eV
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Average Longitudinal Shower Development

RGS)et well in Line with other models.
High multiplicity
partly compensated by
Lower cross-section and
partly Lrrelevant since mostly
Low-energy particles produced.
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The 3 x102° eV Fly's Bye Bvent ... Ls it a photon shower ?
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The 3 x 102° ¢V Fl,g 's Bye Bvent
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Stmulations vs pata:
... & few examples

Result:

fair agreement from 102 - 10%° ev

Johannes Knapp,Santo André, 2010



VERITAS

TcLescope 1
€ > 150 eV

gamma rays:
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distributions
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Data versus Stmunlations

X wax Versus energy :

comparison with model suggesteol

composttion change from Fe to p

MOCCA Splitting Algorithm

Gaisser et al. (1993)
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Data versus Simulations
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Data versus Simulations

McCs for mixed hadronic comp.
are consistent with data.

Y, V showers look very different.
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Data versus Simulations ... another example
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QGSJet - description of data
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Lateral distribution (measured by Auger)
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Haverah Park data (re-awal.gseal 200=)
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State-of-the-art model 1972
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inclined showers (R > &0°) are different
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Primary Ys, e.9. from decays of topological defects 22

Haverah Park,
Ave etal., PRL 5 (2000) 2244
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Auger bata
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Muons L MACRO detector
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Muown. bundles tn. MACRO detector
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Ls+C Vvertical Muown Spectrum. § Charge Ratio (cosO > 0.92)
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Summary § Outlook

B creat inprovements in BAS simulations in past few years.
Soft hadronie and nuclear interactions modeled on basts of
Gribov-Regge § Glawber Theory.

New modlels allow a safer extrapolation to highest energjies.

B Assumption of a mixed CR composition (p, He, ... Fe)
and extrapolation of models from 100 Gev range (e.9. RGS)ET)
Yields amazingly good agreement with CrR data from ~10™2 ... 109 ev.

B Many new accelerator experiments (Will) provide new expertmental nput to
cross-sections, diffraction anol hadronic particle production under small angles.

B New astroparticle experiments will provide new constraints at higher energies
and data with improved quality  (e.9. KASCADE-Grande, Auger, ICE Cube
AMS, dirvect C, ....)

only HEP and Astroparticle physieists together can solve the problem of

origin of the high energy cosmic rays (the highest-energy particles in the universe)
and its hadronic interaction with the atmosphere.
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