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The Quark/Gluon jets Odyssey

Chapters:

1. The beginning of the journey
2. Les Houches Mountain
3. Lost in colors but reconnected
4. Energy is our hope!
5. 100 meters underground 
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1. The beginning of the journey

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 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



MTTD 2025        The Quark/Gluon jets Odyssey     Andrzej Siódmok

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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LHC Q/G jet measurement



Chapter 2. Les Houches Mountain
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Q/G jet measurement
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Chapter 2. Les Houches Mountain
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Chapter 2. Les Houches Mountain
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Q/G jets Les Houches  study

Direction: Colour reconnections effects surprisingly very important!
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Chapter 3. Lost in colors but reconnected

Colour reconnection
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Chapter 3. Lost in colors but reconnected

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.

Preservation of the data/analyses is crucial!



MTTD 2025        The Quark/Gluon jets Odyssey     Andrzej Siódmok

How we improved simulation of Q/G jets in Herwig?
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LHC how to define gluon 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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Chapter 4. Energy is our hope!
Z boson as “the standard candle” for high-precision W-boson physics at LHC

[Krasny, Fayette, Płaczek, AS, Eur.Phys.J. C51 (2007) 607-617]
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Chapter 4. Energy is our hope!
Z boson as “the standard candle” for high-precision W-boson physics at LHC

[Krasny, Fayette, Płaczek, AS, Eur.Phys.J. C51 (2007) 607-617]

Yes it can! 
Sadly not very used up to now at the LHC
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Part II - b) Preliminary results

Jet pT

Measurement at different energy
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Novel approach to measure quark/gluon jets at the LHC
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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: 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 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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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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Results: Chapter 4. 100 meters underground

- Go to experiments: but it looks like experiments are 
not ready to reanalyse even 7 TeV data! 
(We saw how important is legacy data from LEP data!)

- Go to OpenData

The main aim is to perform the measurement at LHC
Two paths:
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Results: Chapter 4. 100 meters underground

- Go to OpenData

The team:

Van Dung Le    Julie Hogan   Petr Baron         Mike Seymour        AS
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Results: Chapter 4. 100 meters underground

Different jet redii at 7 TeV (R=0.5) and 13 TeV (R=0.4) we need to re-analyzed 
data at 7 and 8 TeV… 
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Results: Chapter 4. 100 meters underground

First try… many surprises  
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Results: Chapter 4. 100 meters underground
Trigger scaling!… 

PRELIMINARY
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Results: Chapter 4. 100 meters underground

Many things to understand, difficult and long journey …

● Pileup offset corrections (L1Offset)
● Relative Jet Energy Scale (L2Relative)
● Absolute Jet Energy Scale (L3Absolute)
● Residual corrections to account for the small differences between 

data and simulation (L23Residual)
● Clustered using the anti-kt algorithm with radius parameter of 0.4 

with pileup contributions mitigated using the Charged Hadron 
Subtraction (CHS).

● Each data set has to be analysed with different version of CMS 
software (different classes, functions, parameters, naming 
convention - new interdisciplinary research discipline:
 “software archeology”) 
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Results: Chapter 4. 100 meters underground

We go the jets defined in 
the same way  at 
two different energies!

MC events - Herwig in
a good agreement with 
data!

PRELIMINARY
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Results: Chapter 4. 100 meters underground
We go the jets defined in the same way  at  two different energies!

First measurement of q/g angularity using the new method!

Comparison with theoretical predictions we need to take into account detector effects, two ways:
1) detector semaring of MC predictions or 2) data unfolding… we decided to go both ways :)

PRELIMINARY
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Results: Chapter 4. 100 meters underground

The last 
step:
Unfolding!

PRELIMINARY
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Part II - b) Preliminary results Summary 
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

- 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)!
- So we decided to use OpenData to measure it by ourselves
- Very challenging but we are getting to our “Ithaca”  



43

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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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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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]
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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 jets properties 
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Q/G jet Les Houches  study
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Q/G jet Les Houches  study
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Chapter 3. Lost in colors but reconnected

Colour reconnection



Chapter 3. Lost in colors but reconnected
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Chapter 3. Lost in colors but reconnected
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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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