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Motivation: What is the universe made of?

Standard Model 
(Forces Mediated by Gauge Bosons)

Standard Model Lagrangian
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Motivation: What is the universe made of?

Standard Model Interactions

Standard Model Lagrangian

There is a huge gap between a one-line formula of a fundamental theory, like
the Lagrangian of the SM, and the experimental reality that it implies.

Experimental reality
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Hadron colliders and the importance of strong interactions

[see Ralph Engel lecture]
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Complex structure of Quantum Chromodynamics – three faces of QCD

Perturbative: Non-Perturbative:

State of the art:

“Higgs boson gluon-fusion production in 
N3LO QCD” Phys. Rev. Lett. 114, 212001 (2015) 

Example of one of hundreds of diagram 

LO       NLO      NNLO    N3LO

● Perturbative techniques break 
down

● Non-pertubative models 
inspired by physical 
motivations

● Lattice QCD? 

Perturbative resummation:
● enhanced terms

● Resum them 

QCD
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What do MC event generators do?
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Basic building blocks of Monte Carlo Event Generators

Parton Distribution FunctionParton Distribution Function
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Basic building blocks of Monte Carlo Event Generators

Hard process (exact fixed-order perturbation theory)
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Basic building blocks of Monte Carlo Event Generators

Hadronization (non-perturbative semi-empirical models)
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Basic building blocks of Monte Carlo Event Generators

Multiple Interactions and beam remnants
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How do we know MPI exists? Data makes you smarter!



A. Siodmok, ISAPP School 2018

How do we know MPI exists? Data makes you smarter!

Direct observation of multiple interactions



A. Siodmok, ISAPP School 2018

How do we know MPI exists? Data makes you smarter!

Direct observation of multiple interactions



A. Siodmok, ISAPP School 2018

How do we know MPI exists? Minimum Bias Measurements

Minimum Bias Measurement
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How do we know MPI exists?  Underlying event measurements
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MPI Motivation - is it really important?
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MPI model basics
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MPI Eikonal model basics
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MPI Eikonal model basics – Overlap function
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MPI Eikonal model basics – Overlap function
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MPI Eikonal model basics – Semihard MPI and UE data
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MPI Eikonal model basics – extention to soft MPI

So far only hard MPI. Now extend to soft interactions with
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MPI Eikonal model basics – extention to soft MPI
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On to the LHC
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Colour reconnection (CR) in Herwig
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Colour reconnection (CR) in Herwig
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Colour reconnection (CR) in Herwig – Minimum Bias data
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MPI – key components
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MPI – recent progress
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MPI – recent progress

arXiv:1808.06770]
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Summary and outlook

● Almost all HEP measurements and discoveries in the modern era have relied on GPMC 
generators, most notably the discovery of the Higgs boson.

● Complex structure of Quantum Chromodynamics:

        - Perturbative techniques (hard process)

        - Resummation techniques (Parton Shower – well established)

        - Non-perturbative models (crucial to obtain fully exclusive simulation of the collisions)

● Tremendous amount of new developments in GPMCs because we need more

precise results.

● Constant improvements of MPI models in Herwig

● Good first round of LHC data well described...

● ... but still a lot of space for improvements (collective effects in pp – CR? Hydro? Rope 
models? Mixture of all the effect?)

● In both the Cosmic Rays and LHC experiments we study the same physics! Space for 
cross-took and progress!!
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Thank you for your attention!
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Monte Carlo methods why and how?

http://arXiv.org/abs/arXiv:1808.06770
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