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Caveats

1. aŀƛƴƭȅ CǊƻƳ ŀ ǳǎŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ
2. Try to be practical. 
3. Focusing on hadron collider 
4. Not meant to be exhaustive

Refs: arXiv:1101.2599

MG School 2015 Shanghai 
http://www.physics.sjtu.edu.cn/madgraphschool/
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CMS MC page



Outline

1. Collider, Collision, Simulation 

2. Hard Scattering:  PDF, LO, NLO

3. Parton Shower: Pythia6(8), Herwig(++)

4. Event Format: LHE, HEP

5. ME-PS Matching/Merging

6. Overview of Tools

7. New Physics

8. Detector Simulation: Delphes

9. Advanced Topics



SU(3) SU(2) U(1)

The SM:  3 interactions

Found in 2012 by LHC ATLAS and 

CMS.  Nobel prize in 2013

Found in 1995 by  Fermilab Tevatron

CDF and D0



QED vs  QCD

a=1ğ8,

i=1,2,3  QCD colors 

Self -interactions
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QCD



QCD cutoff : Non -perturbative Region



Collider



Anatomy of a LHC Collision

QCD Machine

Factorization

Multi -level

Factorization Theorem:
Separate Short Distance 
Physics from Soft one





PT and (pseudo -)Rapidity

PT
Lorentz Invariant Distance
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Parton, Jet





Parton, Jet



Jet Algorithm

P= -1 ,0 ,1
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4-momenta, hits/deposits,  digitalize

Your study can be cut at some level, depending 
on what you want



Simulation at all levels

PF
Arbor
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Parton Distribution Function

The scattering particle only sees 

the valence partons. At higher 

energies, the scattering particles 

also detects the sea partons.



PDF and LHAPDF

Many choices on the market

LHAPDF is a general purpose C++ interpolator, used 

for evaluating PDFs from discretised data files. 

https://lhapdf.hepforge.org/

Default choice in 
MG_aMC@NLO
Is NNPDF2

It was CTEQ6L1 before



Scale/PDF Uncertainties: PDF4LHC

http://www.hep.ucl.ac.uk/pdf4lhc/



Hard Scattering:
LO, NLO, NNLO QCD, QED..Hard Scattering:

LO: Born term



Hard Scattering:  Higher order

8TeV LHC
Higgs inclusive xsec
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Higher order Calculation is not easy



Hard Scattering: Matrix Element

Feynman Rules ->

Squared ->

Sum over spin,  Trace
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HELAS [MURAYAMA, WATANABE, 

HAGIWARA, 1992] 



Automation of ME

Alwall

2012



e+e- > mu+ mu- / Z



Hard Scattering: Phase Space

3n -4

+2 =3n -2 dimension

An example of Phase space factorization

->  Recursive  in numerical



MC Technique

N points randomly distributed in [x1,x2]

Weight:

Average of Weight:

Variance:

w$DMSQ@K -HLHS 5GDNQDL½r  



MC Technique



Unweighting 

We often want events without weights as mother Nature produce

1. Monte Carlo integration and scanning are performed: 

N points are picked randomly

2.  The phase-space point which give the maximum weight,     

Wmax is stored



Les Houches Event File  hep-ph/0609017



W polarization

import model sm
generate p p > w+ w - , w+ > mu+ vm , w - > j j
Or
generate p p > w+ w - , w- > mu - vm~ , w+ > j j
output ppww

import model heft
generate p p > h > w+ w - , w+ > mu+ vm , w - > j j

import model RSgenerate p p > y > w+ w - , w+ > 
mu+ vm , w - > j j

[1103.5445] Left-Handed W Bosons at the 

LHC (arxiv.org)

https://arxiv.org/abs/1103.5445


p p > w+ w-, w+ > mu+ vm, w- > qq

p p > w+ w-, w- > mu- vm~, w+ > qq



p p > higgsor Graviton > w+ w-, w+ > mu+ vm, w- > qq



Example:  MG_aMC@NLO

PP > Z  LO & NLO



Example:  PP > Z  LO & NLO



Example:  PP > Z  LO & NLO



Example:  PP > Z  LO & NLO

You can choose QCD or QED vertex number



Example:  PP > Z  LO & NLO

Output

Launch

You can choose pythia run

Or not



Example:  PP > Z  LO & NLO

Parameter Card



Example:  PP > Z  LO & NLO

Run Card



Example:  PP > Z  LO & NLO



Example:  PP > Z  LO & NLO


