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Outline

Introduction
Collider event simulation.

Factorization of collider event generation
“Coding models” and interfaces.
How we agree on standards.

Observables, data presentation and analysis.
words of caution, maybe?

Outlook: What can we (LHC aficionados) do?
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My naive view of neutrino scattering
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…is biased by colliders

…where we face similar problems, but with partons.

arXiv:0911.1909 [hep]

2 / 17



Collider event generation

Collider event generator development is a theorist’s playground:

… lots of perturbation theory
Tool chains L(my fav. model)→ σ → detector
High precision for parton distribution functions (PDFs), cross sections;

… lots of non-perturbative modelling
for multiple interactions between nucleon constituents
to convert partons to hadrons;

+ lots of data to beat down uncertainties in non-perturbative modelling;
+ lots of software tools.

…but is probably less challenging than neutrino event generation.
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Modelling collider events
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Start with hard scattering of partons…
usually multi-parton states with one/two loops
→ complicated, lots of theory, software & interfacing.
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Modelling collider events
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Produce radiative cascade (quarks/gluons/photons…)…
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Modelling collider events
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Form proto-hadrons (colour strings, colour clusters)…
Not shown: Multiple interactions, parton rescattering, diffractions,
since usually handled internally (exception: DIPSY code)
DDDDDDDDDDDDDD 3 / 17



Modelling collider events
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…and decay to primary hadron (resonances) and secondary
hadrons/photons et cetera, including e.g. hadron rescattering
DDDDDDDDDDDDDD
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A word on calculability
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Fact: Distribution of hadrons in detector not calculable in QCD.
If LHC would rely on multiplicities alone, progress would be hopeless.
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A word on calculability

νµ µ

N

Fact: Distribution of hadrons in detector not calculable in QCD.
Claim: LHC is only successful because we use “safe” observables:

Coarse-grained and averaged, i.e. jets.
3 / 17



Factorized collider event generation

Event generation is broadly factorized into
▶ Precision hard scattering cross section (most “hard-core

theory” → John, Walter)
▶ Other event generation (infrared physics, non-perturbative

aspects → Steve, Stefan)
▶ Analysis object (jet) definition, analysis and/or detector

simulation (analysis → Holger Schulz)
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Factorized of collider event generation
Specialized Cross Section:

νµ µ

N

MadGraph, Alpgen, Comix, Whizard

PDF library:
Specialized Parton Shower:LHAPDF

Dire / Ariadne / Vincia

Specialized Loop Provider:
QCDloops / OpenLoops / GoSam

Dedicated Hadronization:
Pythia / Jetset / DIPSY

Jet Definition:
FastJet

Analysis: Detector Simulation:
Rivet Geant / Delphes

MCFM, BlackHat, NJet, MEhex, NNLOJET

More factorized – i.e. more codes contributing – where it matters
most (precision hard scattering) 4 / 17



What do we interface? How do we interface?

Downstream Upstream

Hard cross section PDF lib, loop integrals parton shower

Parton shower PDF lib, hard cross section MPI, hadronization

Hadronization parton shower, MPI analysis, detector sim.

Analysis data repos, obs def. tools results.

Need interfaces that are generic and allow cross-talk. We mostly use
▶ File-based interfaces
▶ Run-time interfaces
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File-based interfaces

▶ Exchange parameters,
particle id’s and
four-vectors

▶ Many providers, many
users → Avoid specialized
interfaces.

▶ Computationally precious
intermediate results.

▶ Interface: One centralized
reader/writer for few
languages.

a

e.g. Susy Les Houches Accord files (SLHA, generically for BSM models)

arXiv:hep-ph/0311123, arXiv:0801.0045
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File-based interfaces

e.g. exchange four-momenta, flavours, cross sections, uncertainties for
hard scattering with Les Houches Event Files (LHEF)
exploiting Cross section = sum over events.

Often used between hard scattering cross section generator (MadGraph)
and event generator (Pythia) Not possible if up- or downstream code
cannot be run stand-alone.

arXiv:hep-ph/0109068, arXiv:hep-ph/0609017, arXiv:1405.1067
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File-based interfaces

e.g. store four-momenta, flavours, cross sections, uncertainties after
event generation in HepMC event files before detector simulation & for
analysis prototyping

Comput.Phys.Commun. 134 (2001) 41-46
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Runtime interfaces
arXiv:1308.3462 [hep]

… necessary when software not stand-alone (e.g. if divergent)
… to avoid large files

e.g. interface between “one-loop providers” and x-section generators via
Binoth Les Houches Accord (BLHA) 9 / 17



How to get there?

▶ Prepare a wishlist.
▶ Lock relevant experimenters & theorists away in the Alps for 2̃

weeks. Fuel with cheese & wine.
▶ Discussions on site, try to agree, enforce detailed proceedings

afterwards.
▶ Implement, rethink, repeat after two years.

⇒ Les Houches Accords
10 / 17



Other run-time interface models (Pythia bias!)

Most LHC code is C++ −→ Use power of common language!
Pythia 8: Allow to inherit from & replace most physics modules.

▶ Mostly used for BSM cross
sections and new showers.

▶ Rather high threshold,
but gives extreme
flexibility.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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Other run-time interface models (Pythia bias!)

UserHooks model: Allow user to overwrite important decisions
→ Use power of statistics to bend probabities/rates to your will:
→ Strawman implementation + easy external user re-weighting!

Simple external MyUserHook

Pythia

Parton Showers

doVetoISRemission

doVetoFSRemission UserHooks
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Cross Section Generator

multiplySigmaBy

biasSelectionBy

Hadronization

doVetoFragmentation
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Other run-time interface models (Pythia bias!)

UserHooks model: Allow user to overwrite important decisions
→ Use power of statistics to bend probabities/rates to your will:
→ Strawman implementation + easy external user re-weighting!

N θ N θ

Produce splitting with rate p = 1/θ4 Overwrite UserHooks::doVetoFSREmission:

to reject emission with probability 1/θ2

p

⇒ Average angle becomes larger. Rate now given by pnew = 1/θ2

⇒ Replaced Pythia’s rates by your own calculation

13 / 17



Analysis objects

Crucial for LHC: Define data objects that are “insensitive”
… to phenomena we do not understand well enough,
… to corrections we cannot calculate well enough.
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Analysis objects: What’s a muon anyway?

νµ µ

N

parton

e+e−

Charged particles always come with a photon cloud
…or with even more charged particles.
So how should we “define” what we mean by e.g. “muon”?
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Analysis objects: What’s a muon anyway?

νµ µ

N

parton

e+e−

Need to combine charged particle + photon momenta to extract ν
energy loss / momentum that probes the nucleus!
But how? Should we use small cones? or big cones?
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Analysis objects: What’s a muon anyway?

νµ µ

N

parton

e+e−

Detector

Can “vacuum radiation” and detector smearing / transition
radiation ever be separated? Is it okay to correct for one, but not
the other?

15 / 17



Analyses, data and the theory community

Theory:
▶ Make event generators public and linked at a common resource (see e.g.

hepforge.org)
▶ Decouple analysis from event generation.
▶ Make analysis prototype code public (see e.g. RIVET)

Experiment:
▶ Agree on common analysis objects (“hey, let’s all use infrared-insensitive

jets and QED-dressed leptons”)
▶ Make data public (see e.g. opendata.cern.ch, hepdata.net)
▶ Make analysis code public (see e.g. RIVET)

Easy data & analysis access ⇒ Theory+software progress
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Outlook: How can the collider community be of service?

▶ Should certainly make sure that LHC event generators work,
at a technical level, together with neutrino generators

▶ Can supply detailed DIS-like calculations to help define “safe”
observables (easy example in the talk: QED corrections).

▶ Can supply analysis tools. Example: Rivet (LHC) inspired by
H1/Zeus (HERA) efforts.

Question: Is it reasonable to first want to get DIS right, then
nucleon scattering, and learn while doing that, before moving to
the nucleus?
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