
Novel approach to measure quark/gluon jets at the LHC

Petr Baron a , Michael H. Seymour b, Andrzej Siódmok c

Petr Baron (IFJ PAN) Novel approach to measure quark/gluon jets at the LHC XXX Cracow Epiphany Conference 

a Institute of Nuclear Physics, Polish Academy of Sciences, Kraków, Poland
b Lancaster-Manchester-Scheffield Consortium for Fundamental Physics, Department of Physics and Astronomy, University of Manchester, United 

Kingdom
c Jagiellonian University, Kraków, Poland

11.1.2024



Outline:

2 / 3
2

1. Introduction

2. Motivation

3. Results

4. Conclusion

Back-up



Introduction

3 / 3
3

sqrt(s) = 900 GeV sqrt(s) = 13000 GeV

Jet multiplicity
900 GeV

Dijet events Dijet events

Jet multiplicity
13000 GeV

6

3
6

9



Introduction

4 / 3
4

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

96

3
6



Introduction

5 / 3
5

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
g
 + (1 - f 13000)λ

q

9

6

6

3



Introduction

6 / 3
6



Introduction

7 / 3
7



Introduction

8 / 3
8



Introduction

9 / 3
9

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

Performing selection: 
Number of constituents 
within the jet >= 22, we 
can enrich our sample of 
gluon jets and assign 
percentage. 

Gluon jets

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

Performing selection: 
Number of constituents 
within the jet <= 22, we 
can enrich our sample of 
quark jets and assign 
percentage. 

Gluon jets

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

Separation power: 

WARNIN
G:

Fak
e p

lot
!

Aim is to find 
variable with 
highest 
separation 
power

Gluon jets
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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
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We considered all combinations of: 

Njets = 2
veto neutrinosSelection of dijet events:
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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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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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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

Results:
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Best performing angularities:

Results:
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Best performing angularities: Multiplicity

Results:
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Best performing angularities: Mass

Results:
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Best performing angularities: LHA

Results:
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Best performing angularities: Width

Results:
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● Main idea it that properties of jets of a given flavour and 

transverse momentum, are almost entirely independent 

of the jet’s production mechanism. 

Thus, the energy-dependence can be used to extract the 

flavour-dependent properties on a statistical basis.

● We proposed selection of best performing angularities

● More details: 

https://doi.org/10.1140/epjc/s10052-023-12363-4

● Plans:

○ Multidim angularities (2D, 3D) with machine learning 

approach to enhance separation power

○ Perform measurement at LHC

https://doi.org/10.1140/epjc/s10052-023-12363-4
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● Main idea it that properties of jets of a given flavour and 

transverse momentum, are almost entirely independent 

of the jet’s production mechanism. 

Thus, the energy-dependence can be used to extract the 

flavour-dependent properties on a statistical basis.

● We proposed selection of best performing angularities

● More details: 

https://doi.org/10.1140/epjc/s10052-023-12363-4

● Plans:

○ Multidim angularities (2D, 3D) with machine learning 

approach to enhance separation power

○ Perform measurement at LHC
Thank you!

https://doi.org/10.1140/epjc/s10052-023-12363-4
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Wild cards (chosen by “eye”): multiplicity
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Wild cards (chosen by “eye”): mass
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Wild cards (chosen by “eye”): LHA
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Wild cards (chosen by “eye”): width
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Jet pT
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Jet pT
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Back-up

Matching to the 
truth parton level by 
minimal dR

- Black lines
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Back-up

Matching to the 
truth parton level by 
minimal dR

- Black lines
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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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BSM searches: often signature for a BSM signals: many quark, backgrounds: QCD gluons 
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= 3/(4/3)=9/4 = 2.25

13.82
Sig 4.37
14

Mean 10.6
Sig 4.297
8.5

Back-up



Introduction and Motivation:

42 / 3
42

- hadronisation: −Λ / R
- MPI:  +Λ * R2
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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
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Using phase space cuts, for example:
● Pt -  jet transverse momentum 
● ղ   -  jet rapidity (central/forward)

Can we find a way to get enhanced Q/G with the same Pt, ղ?  
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Herwig vs Pythia
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Best performing angularities:

Results:Back-up
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Best performing angularities: Multiplicity

Results:Back-up
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Best performing angularities: Mass

Results:Back-up
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Best performing angularities: LHA

Results:Back-up
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Best performing angularities: Width

Results:Back-up
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Wild cards (chosen by “eye”): multiplicity

Back-up
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Wild cards (chosen by “eye”): mass

Back-up
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Wild cards (chosen by “eye”): LHA
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Wild cards (chosen by “eye”): width
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Each angularitity λ is composed of gluon λg and quark λq angularities

λ = f λg + ( 1 - f ) λq where 
f            ... gluon fraction                 pT

cut = 100 GeV

( 1 - f )  ... quark fraction
   taken from simulation  

Let’s write equations for 
measurement at energy 900 GeV 
and 13 000 GeV
(with the same event selection)

λ900 = f900 λg + ( 1 - f900 )λq

λ13000 = f13000 λg + ( 1 - f13000 )λq

Assuming 𝜆g and 𝜆q are energy 
independent. 

f900 = 0.33

f13000 = 0.73
Hadr. and part. shower off
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= 3/(4/3)=9/4 = 2.25

13.82
Sig 4.37
14
41.8 GeV

Mean 10.6
Sig 4.297
8.5
45.6 GeV
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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

Not always all 
the assumptions 
are full filled 
R = 1.0
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Back-up

Negative values 
caused by 
dependency on 
sqrt(s)

- Dashed lines 
matched to 
truth parton 
level at 
different sqrt(s)
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Back-up

Once the Dashed 
lines - matched to 
truth parton level at 
different sqrt(s) are 
forced (pseudo- 
distribution) to be 
aligned, negative 
values vanish
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    Back-up

MPI and ISR - OFF

Negativity improved mostly 
for gluons!!!
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MPI and ISR - OFF
MMDT - groomed jets

Negativity improved mostly 
for gluons!!!
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MPI and ISR - OFF
MMDT - groomed jets

Negativity improved mostly 
for gluons - below 0.5 %

ZOOMED


