Appendix 4

Monte Carlo event generators™®

General-purpose Monte Carlo event generators are designed for generating
a wide variety of physics processes. There are literally hundreds of different
Monte Carlo event generators; some of these are

ARIADNE [1] is a programme for simulation of QCD cascades
implementing the colour dipole model.

HERWIG [2] (Hadron Emission Reactions With Interfering Glu-
ons) is a package based on matrix elements providing parton
showers including colour coherence and using a cluster model for
hadronisation.

ISAJET [3] is a programme for simulating pp, pp and ete™ interac-
tions; it is based on perturbative QCD and phenomenological models
for parton and beam jet fragmentation including the Fox—Wolfram
final-state shower QCD radiation and Field-Feynman hadronisation.

JETSET [4] is a programme for implementing the Lund string
model for hadronisation of parton systems. Since 1998, JETSET has
been combined with PYTHIA in a single package.

PYTHIA [5] is a general-purpose programme with an emphasis on
QCD cascades and hadronisation; it includes several extensions for
modelling new physics (e.g. Technicolour).

There are also Monte Carlo event generators which are specifically
designed to generate a number of interesting physics processes. They can
be interfaced to one or more of the general-purpose event generators above
or with other specialised generators.

* For a recent review see also Z. Nagy & D.E. Soper, QCD and Monte Carlo Event Generators,
XIV Workshop on Deep Inelastic Scattering, hep-ph/0607046 (July 2006).
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e AcerMC [6] models Standard Model background processes in pp
collisions at the LHC and works with either PYTHIA or HERWIG;
it provides a library of massive matrix elements for selected processes
and is designed to have an efficient phase-space sampling via self-
optimising approaches.

e CASCADE [7] models full hadron-level processes for ep and pp
scattering at small x =2p/\/s according to the CCFM [8] evolution
equation.

e EXCALIBUR [9] computes all four-fermion processes in ete~
annihilation which includes QED initial-state corrections and QCD
contributions.

e HIJING [10] (Heavy Ion Jet INteraction Generator) models mini-
jets in pp, pA and AA reactions.

e HZHA [11, 12] provides a wide coverage of the production and decay
channels of Standard Model and Minimal Super Symmetric Model
(MSSM) Higgs bosons in ete™ collisions and was heavily used in
LEP2 Higgs-boson searches.

o ISAWIG [13] works with the ISAJET SUGRA package and general
MSSM programs to describe SUSY particles which can be read in by
the HERWIG event generator.

e KK [14] models two-fermion final-state processes in e*e™ collisions
including multiphoton initial-state radiation and a treatment of spin
effects in 7 decays.

e KORALRB [15] provides a simulation of the 7-lepton production in
ete™ collisions with centre-of-mass energies below 30 GeV including
treatment of QED, Z exchange and spin effects; it makes use of the
TAUOLA package.

e KORALZ [16] provides a simulation of the production and decay
processes of 7 leptons including spin effects and radiative corrections
in eTe™ collisions with centre-of-mass energies ranging from 20 GeV
to 150 GeV.

e KORALW [17, 18] provides a simulation of all four-fermion final
states in ete™ collisions and includes all non-double-resonant cor-
rections to all double-resonant four-fermion processes; it uses the
YEFSWW package (see below) to include electroweak corrections to
W -pair production.

e LEPTO [19] models deep inelastic lepton—nucleon scattering.
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e MC@NLO [20] is a parton-shower package implementing schemes of
next-to-leading order matrix-element calculations of rates for QCD
processes and makes use of the HERWIG package; it includes the
hadroproduction of single vector and Higgs bosons, vector-boson
pairs, heavy-quark pairs and lepton pairs.

e MUSTRAAL [21] simulates radiative corrections to muon and
quark-pair production in ete™ collisions near centre-of-mass energies
of 91.2 GeV.

e PANDORA [22] is a general-purpose parton-level generator for
linear collider physics which includes beamstrahlung, initial-state
radiation and full treatment of polarisation effects including pro-
cesses from the Standard Model and beyond; it is interfaced with
PYTHIA and TAUOLA in the PANDORA-PYTHIA package.

e PHOJET [23] models hadronic multiparticle production for
hadron—hadron, photon-hadron and photon—photon interactions
using the Dual Parton Model (DPM).

e PHOTOS [24] simulates QED single-photon (bremsstrahlung)
radiative corrections in decays; it is intended to be interfaced with
another package generating decays.

e RESBOS (RESummed BOSon Production and Decay) [25] mod-
els hadronically produced lepton pairs via electroweak vector-boson
production and decay by resumming large perturbative contributions
from multiple soft-gluon emissions.

e RacoonWW [26] models four-fermion production at e™e™ colliders
including radiative corrections to four-fermion decays from W-pair
production; it includes anomalous triple gauge-boson couplings as
well as anomalous quartic gauge-boson couplings where applicable.

e SUSYGEN [12, 27] models the production and decay of MSSM
sparticles (supersymmetric partners of particles) in ete™ collisions.

e TAUOLA [28] is a library of programs modelling the leptonic and
semi-leptonic decays of 7 leptons including full-final-state topologies
with a complete treatment of spin structure; it can be used with any
other package which produces 7 leptons.

e VECBOS [29] models the leading-order inclusive production of
electroweak vector bosons plus multiple jets.

e YFSWW [30] provides high-precision modelling of the W mass
and width using the YFS exponentiation technique.
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Finally, several packages exist which aid in the evaluation of Feyn-
man diagrams and are able to provide source code for inclusion in a
Monte Carlo event generator. Such packages include CompHEP [31],
FeynArts/FeynCalc [32], GRACE [33], HELAS (HELicity Amplitude
Subroutine for Feynman diagram evaluation) [34] and MADGRAPH [35].

In the field of cosmic rays and astroparticle physics the following Monte
Carlo event generators are frequently used. A recent overview includ-
ing the relevant references is published in [36]. For further references see
Sect. 15.5.1.

e VENUS (Very Energetic NUclear Scattering) is designed for ultra-
relativistic heavy-ion collisions including a detailed simulation of
creation, interaction and fragmentation of colour strings. Diffractive
and non-diffractive collisions are also treated. It covers cosmic-ray
energies up to 2 - 107 GeV.

e QGSJET (Quark Gluon String model with Jets) is based on the
Gribov—Regge model of strong interactions. It treats nucleus—nucleus
interactions and semihard processes. At high energies the collision is
described as a superposition of a number of elementary processes
based on Pomeron exchange.

e DPMJET (Dual Parton Model with JET production) simulates
particle production in hadron—nucleus and nucleus—nucleus inter-
actions at high energies. The soft component is described by a
supercritical Pomeron. For hard collisions also hard Pomerons are
introduced.

e HDPM is a phenomenological generator inspired by the Dual Parton
Model and adjusted to experimental data.

e NEXUS combines VENUS and QGSJET in the framework of
a parton-based Gribov—Regge theory with unified soft and hard
interactions. The shower development is based on cascade equations.

e SIBYLL is a minijet model using a critical Pomeron describing soft
processes and strings originating from hard collisions with minijet
production of high transverse momenta.

Extensive air showers are frequently generated with the CORSIKA pro-
gramme [37] where different event generators can be built in. CORSIKA
includes also packages for the modelling of the geometry of a special detec-
tor, like GEANT [38] and the description of low-energy interactions, e.g.
with FLUKA [39].
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