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Data makes you smarter

Motivation - Monte Carlo (MC) Event Generators 
Standard Model 

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

Standard Model Lagrangian LHC event
Theory Experiment

It doesn't matter how 
beautiful your theory is, 
it doesn't matter how 
smart you are. If it 
doesn't agree with 
experiment, it's wrong.

Richard P. Feynman
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Data makes you smarter

Motivation - Monte Carlo Event Generators (MCEG) 
Standard Model 

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

Standard Model Lagrangian LHC event

● MC event generators are designed to bridge the that gap
● “Virtual collider” ⇒ Direct comparison with data 

Theory Experiment

It doesn't matter how 
beautiful your theory is, 
it doesn't matter how 
smart you are. If it 
doesn't agree with 
experiment, it's wrong.

Richard P. Feynman

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

Published papers by ATLAS, CMS, LHCb: 2252
Citing at least 1 of 3 existing MCEG: 1888 (84%)
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Monte Carlo Generators



OpenMAPP - LPSC      Andrzej Siódmok

Monte Carlo Generators

“But it often happens that the physics simulations provided by the MC generators carry
the authority of data itself. They look like data and feel like data, and if one is not careful
they are accepted as if they were data.” 

J. D. Bjorken 

Therefore, any idea that we would like to use on experimental data can be 
tested on data from generators - a navigational tool.

[from S. Platzer]
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Monte Carlo Generators an a navigation tool

Wolfgang Waltenberge
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Monte Carlo Generators an a navigation tool
           Contur Update talk at Jonathan Butterworth at 
           (Re)interpreting the results of new physics searches at the LHC, CERN, 2018
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Monte Carlo Generators an a navigation tool

T. Procter

K. Rolbiecki 

S. Sekmen

Problems with the description of MC generators settings - we see that in many publication.
Les Houches accord for the generators input (hard to imagine)? 
ADL language for the Event Generators? 
“HEPDATA/Rivet” for storing of the MC input files or data samples, see MCplots for example? 

M. Goodsell
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 MCPLOTS
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Example of use and problems with reanalysis of data at the LHC

Andrzej Siódmok
in collaboration with

Petr Baron & Micheal Seymour

based on Eur.Phys.J.C 84 (2024) 1 

Novel approach to measure quark/gluon jets at the LHC
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History: Discovery of the gluon

This collision event recorded in 1979, provided the 
first evidence of the gluon.

Recorded as event 13177 of run 447 of the TASSO 
experiment at the Deutsches Elektronen-Synchrotron 
(DESY), the graphic shows three jets of particles 
produced in an electron-positron collision.
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Distinguish Q/G jets as is as old as gluon’s discovery
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LHC Q/G jet measurement
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Why we would like to distinguish Q/G jets?

BSM searches: often signature for a BSM signals: many quark, backgrounds: QCD gluons 
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Introduction – q/g jets perturbative component
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LHC how to define G enhanced sample

Using phase space cuts, for example:
● Pt -  jet transverse momentum 
● ղ   -  jet rapidity (central/forward)

But then we will have quark and gluon sample 
jets with different (Pt, ղ).

Same Pt Quark and Gluon 

But hight Pt Q will radiate more and look like a G

Can we find a way to get enhanced Q/G with the same Pt, ղ?  
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Part II - b) Preliminary results

Jet pT

Measurement at different energy
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sqrt(s) = 900 GeV

Quark jet

sqrt(s) = 13000 GeV

Jet multiplicity

Dijet events

Gluon jet

Quark jet

Gluon jet

Quark jet

λ900= f 900λ
g
 + (1 - f 900)λ

q λ13000= f 13000λ
g
 + (1 - f 13000)λ

q
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sqrt(s) = 900 GeV

Quark jet

sqrt(s) = 13000 GeV

Dijet events

Gluon jet

Quark jet

Gluon jet

Quark jet

λ900= f 900λ
g
 + (1 - f 900)λ

q λ13000= f 13000λ
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Part II - b) Preliminary resultsThe method in practice: measurement
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Part II - b) Preliminary resultsThe method in practice: q/g distributions
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Part II - b) Preliminary resultsThe method in practice: energy dependence
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Part II - b) Preliminary resultsThe method in practice: energy dependence
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Part II - b) Preliminary resultsResults

We considered all combinations of: 

[in total 9600 distributions]
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Part II - b) Preliminary resultsThe method in practice: energy dependence

Theory:

Let’s use more 6 energy combinations:

900-2360, 900-7000, 900-13000, 2360-7000, 2360-13000, 7000-13000 GeV

Dotted lines test the robustness to Multi Parton Interactions MPI and Initial State Radiation ISR
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Part II - b) Preliminary resultsResults

Why we looking into other features then separation power (bad examples):

High separation power, but other 
features score poorly, even it 
has lowest quark negativity of 
quark angularity
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Part II - b) Preliminary resultsResults
Why we looking into other features then separation power (bad examples):

Low separation power, but very 
robust to MPI, ISR, negativity 
and variations of energy 
combination
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Best performing angularities:

Results: Results - best results

Herwig 7 Pythia 8
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Best performing angularities: Multiplicity

Results: Results - best results

Herwig 7 Pythia 8
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Wild cards (chosen by “eye”): multiplicity

Results: Results - best results

Herwig 7 Pythia 8
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Wild cards (chosen by “eye”): LHA

Results: Results - best results

Herwig 7 Pythia 8
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Results: Results - PDF dependence
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Part II - b) Preliminary resultsSummary [see arXiv: 2307.15378 for details] 

Conclusion:
- We propose a novel way to measure Q/G jets
- It is free of the kinematic biases - problematic in other methods
- Uses unique opportunity that LHC ran at different energies
- Best results are robust to Initial State Radiation and MPI

Outlook:

- The main aim is to perform the measurement at LHC but it looks 
like experiments are not ready to reanalyse even 7 TeV data!
We see how important is legacy data from LEP data (next slides)!

- We are happy to join the effort (Petr is member of ATLAS)
- Feasible, seems like ALICE has already measured all what is needed 

Thank you for your attention! 
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How we improved simulation of Q/G jets in Herwig
[Eur.Phys.J. C77 (2017) no.12, 876]

Data was one of the key for the improvement and it is still needed for the progress.
 However it is hard to measure “clear” q/g samples at the LHC.
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Recent progress: Machine learning hadronization

36

MLhad HADML

Deep generative 
model:

Variational Autoencoder Generative Adversarial 
Networks 

Trained on: String model Cluster model

Recent progress: “Reweighting Monte Carlo 
Predictions and Automated 
Fragmentation Variations in 
Pythia 8”

[Bierlich, Ilten, Menzo, Mrenna, 
Szewc, Wilkinson, Youssef, 
Zupan, 2308.13459]

(see Christian’s talk)

“Fitting a Deep 
Generative 
Hadronization Model”

[J. Chan, X. Ju, A. Kania, B. 
Nachman, V. Sangli and 
AS, JHEP 09 (2023) 084]

● HADML - [A. Ghosh, Xi. Ju, B. Nachman AS, Phys.Rev.D 106 (2022) 9]
● MLhad -  [P. Ilten, T. Menzo, A. Youssef and J. Zupan, SciPost Phys. 14, 027 (2023)]

First steps for ML hadronization:
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Integration into Herwig

Training Event generation

We extract 
clusters + hadrons

Re-insert the model
 back into H7

This then allows us to run a full event generator and produce plots

37

GPU CPU
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Part II - b) Preliminary resultsALICE - angularites at 5.02 TeV
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Part II - b) Preliminary resultsBackup
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How we improved simulation of Q/G jets in Herwig
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How we improved simulation of Q/G jets in Herwig
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Part II - b) Preliminary resultsThe method in practice: robustness

Simplified averaged plot over 6 energy combinations: - filled area (energy comb. variation), 
         - ticks - stat. Unc.

Separation power: 

Internal score 
to pick-up best 
performing 
angularities

[in total 9600 distributions]



OpenMAPP - LPSC      Andrzej Siódmok

Part II - b) Preliminary resultsResults

In separation 
between Q/G jets 
about 55 % of 
variations have 
lower performance

Separation power 
between noMPI 
variations - 
robustness to 
noMPI no ISF

Negativity 
(percentage of 
negative area to 
whole area)
negative bins

Separation power to 
UP and DOWN 
energy combination 
variations 
robustness to 
different energy 
combination usedCombining all 

columns gives us 
our internal score :

min-max
0-41447

Each column 
represents 
percentile of 
given feature 
of all our 
studied plots.
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Q/G jet Les Houches  study
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LHC Q/G jet measurement
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Q/G jet Les Houches  study


