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Outline

• Set the scene...

• Generators used

• Tuning/Validation

• Role of the ATLAS Generators Group

• Some examples (extra slides)
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Scene-setting

• LHC environment will be very busy

– Lots of new phase space for SM processes (especially 
W, Z, top, Higgs?, Jets)

– Possible new physics

– QCD everywhere

• One person's signal is is another one's background

– need validated understanding of many processes 
even for some simple searches/measurements.

• Where do we have solid predictions?

• Where can we test these against data?
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Scene-setting
• Therefore we need general purpose generators so we 

can cross-validate between processes
– eg. QCD radiation, hadronisation...

• But we need state-of-the art custom simulation for 

specific aspects where available
– e.g. NLO QCD; tau decays; multi-object final states
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What we are currently using

• Several parton level Matrix Element generators

• Pythia 6.411

• Herwig 6.510 + Jimmy 4.31

• Sherpa interfaced, in production for some processes
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What we are currently using
• AcerMC: Zbbbar, ttbar, single top, 

ttbarbbbar, Wbbar
• Alpgen (+ MLM matching): 

W+jets, Z+jets, QCD multijets
• Charbydis: Black holes..
• CompHep: Multijets..
• HERWIG+JIMMY: QCD multijets, 

Drell­Yan, SUSY (ISAWIG)...

• Hijing: Heavy Ions, Beam­gas..
• MadEvent: Z/W+jets...
• MC@NLO: ttbar, Drell­Yan, boson 

pair production
•

• Pythia: QCD multijets, B­physics, 
Higgs production...

• Sherpa: W+jets/Z+jets...
• WINHAC: W production and 

decay
• DPEMC: Forward/elastic physics 
• PHOJET: Needs reviving 

Interfaces needed soon...
HERWIG++

Pythia 8
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Add on/decay packages

TAUOLA:
Interfaced to work with Pythia, Herwig and Sherpa,
Native ATLAS effort patches present..
PHOTOS:
Interfaced to work with Pythia, Herwig and Sherpa,
Also native ATLAS effort present..
EvtGen:
Used in B­physics channels.
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Validation Procedures
Take into account experience and results at the Tevatron, HERA, 
LEP etc and/or we try to tune/check the generators using available 
information ourselves.

Compare the results of different MC generators in the
quantities where they should agree (to a certain precision)
either at the generator level or by performing full analysis
studies.

In all cases we of course check the obvious parameters (masses,
resonance shapes, angular (a)symmetries etc.)
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Validation Procedures

Also check stability of the algorithms and their sensitivity to
parameter changes (e.g. cutoff parameters in MLM matching 
algorithm etc..).

Beginning to make use of Jetweb/Rivet (www.cedar.ac.uk). 
Validation framework and database, experiment independent, also 
used by generator authors (MCnet). (www.montecarlonet.org)    
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Validation Procedures

Detailed checks when switching versions of the same MC tool.

Nightly “Run Time Tester” (RTT) for regression/change tracking.
Alex Richards (GeneratorsRTT) 
Brinick Simmons (overall RTT)

Use LCG Generator Services release where possible, and profit 
from their validation (also using Rivet).

NB – need to move to GENSER HepMC release ASAP, see 
Ian's talk.

GENSER monthly meetings are a good place to exchange 
information with generator authors and CMS etc...
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Validation

• The effort to do all this for all required processes and 

all generators does not and should reside in the MC 

group. Our role is to
– liaise with generator authors on enhancements & fixes

– provide, document & maintain the ATLAS interfaces

– look for gaps in ATLAS capability & try to fill them

– coordinate & support effort between physics groups

– make sure things once validated stay validated 
(standardise tests for the most important generators and 
channels)
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Communication

• Hypernews forum
– https://hypernews.cern.ch/HyperNews/Atlas/get/Generators.html

• Wiki
– https://twiki.cern.ch/twiki/bin/view/Atlas/MonteCarloWorkingGroup

• Meetings 
– Next ATLAS MC Generators one 7 Sept

– http://indico.cern.ch/categoryDisplay.py?categId=3l977

• Bug tracking
– https://savannah.cern.ch/bugs/?group=atlasgener&func=browse&set=open
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EXTRA SLIDES
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Some ATLAS Achievements

To illustrate what is going on in the ATLAS MC activities I will
show some of our major efforts in terms of understanding the
QCD activity:

UE tuning: Pythia (two models) and Jimmy

Covering the full QCD phase space: PS and ME matching:
Alpgen + MLM matching validation
Sherpa studies & implementation
Heavy quarks in the initial state: AcerMC solution..

Parton showering: Pythia and Herwig showering models..
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Underlying event tune using CDF data
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Underlying event tune using CDF data
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Underlying event tune to CDF data

• JIMMY
– CTEQ 6LO (LHAPDF 10042)

– PTJIM=2.8 x (√s ∕ 1.8 TeV)0.27 (default has no energy 
dependence)

– JMRAD(73) = 1.8 (inverse proton radius squared, default 
0.73)

– PRSOF=0.0 (turn off Herwig soft underlying event)
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Underlying event tune to CDF data
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Underlying event tune to CDF data
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Underlying event tune to CDF data
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Underlying event tune to CDF data
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Underlying event tune to CDF data
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ME/PS Matching
• Experience on ATLAS with AlpGen (MLM) and Sherpa (L-

CKKW), mainly for inclusive W+n jet and Z+n jet samples.
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ME/PS Matching
• Differences between Sherpa and AlpGen seen in e.g. in 

Z+n jet studies at LHC energy.
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Some technical SW details
MC generators are interfaced to the ATLAS ATHENA (C++/Python)
framework.

The ME level MC generators written in FORTRAN interfaced through the 
LesHouches-compliant event files:
The event samples themselves produced offline and validated

The PS/UE/MI generators (Pythia and Herwig) are linked into the 
ATHENA infrastructure using suitable C++ wrappers
The same is done with the addon/decay packages (Photos, EvtGen...)

We rely on GENSER where available (and where we have had time to 
make the switch!)
HepPDT, HepMC, LHAPDF used as generic tools.

Have unified the (pseudo)random number service.
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Summary

• Lots of work done within ATLAS to make use of the 

great tools provided by the Generator authors.

• Benefiting now from GENSER, hope to move further in 

this direction (Sherpa, Herwig++, Pythia8, HepMC...)

• Lots of validation done. Next big task is to systematise 

this so we can respond rapidly to data and new 

models. 


