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Quarks Gluons
Massless spin-1 gauge bosons that carry the
strong nuclear force.

Unlike photons in QED, gluons carry color
charge themselves -specifically a color and
an anti-color combination

This self-coupling allows gluons to radiate
other gluons

Matter Particles Force Carriers
Quarks are the smalleset fundamental
building particles of matter; they form protons
and neutrons
carry a color charge in QCD: Red, Green or Blue
Quarks have smaller color factor (Cf = 4/3)
compared to Gluons Ca = 3
Because of color factor, quarks radiate fewer
soft gluons



Quantum Chromodynamics (QCD) ?

QCD is the fundamental quantum theory of strong interaction between quarks and gluons.

It explains how quarks and gluons interact with each other

The Theory of Strong Force

Color Charge
Like electromagnetism uses electric charge ( +, -), QCD uses color charge: Red, Green and Blue

Quarks and gluons carry this color charge. But other particles is neutral. 

Two Main Rules of QCD
Asymptotic Freedom (At high energy) Color Confinement ( At low energy)

Quarks and Gluons cannot exist alone in
nature

Quarks and Gluons act almost like free
particles

At very high energies, the strong force
becomes weak

They must always combine to form color
- neutral particles (hadrons)



From Partons to Jets
1. Hard Scattering 2.  QCD  radiation 3.Hadronization 4.Jet

Parton–parton interaction
High-energy outgoing q/g

q→q+g
g→gg,qqˉ​
Parton shower

Color confinement
Partons → color-neutral
hadrons

Hadrons form
a collimated
spray



Quark Jets vs Gluon Jets
While both jets generally go through the same processes, the initial part might be different.

Different color factors → different radiation patterns → different jet structures

Momentum
more
concentrated

Momentum
more

distributed



Jet Variables
How can we measure the differences between quark and gluon jets?

QG_mult = Number of constituents in a jet

QG_ptD =

QG_axis2 = 

How the jet's transverse momentum is distributed among its
constituents.

The width of the jet / its minor axis.



DataSet & Analysis
Dataset:
CMS OpenData QCD Jets
ROOT file:
JetNtuple_RunIISummer16_13TeV_MC_1.root

Tree:
AK4jets/jetTree

Selected jets:
Gluon (isPhysG = 1)
L. Quark / UDS (isPhysUDS = 1)

Variables:
QG_mult
QG_ptD
QG_axis2



Quark - Gluon Distributions





From Likelihood to Deep Neural Network
(DNN)

Likelihood
QG_mult + QG_ptD + QG_axis2

↓

Limitation: variables are not
uncorrelated

↓

DNN
jetPt + jetEta + QG_mult + QG_ptD +

QG_axis2
↓

DNN Architecture
100 → 100 → 50 → 1

↓

Quark / Gluon classification

Train_x = represents the
input feature containing
given variables of jets,

Train_y = is like the answer key of an
exam. You give the model the questions
with train_x and train_y tells the answer.





Results
DNN classifier: AUC = 0.83
Likelihood discriminator:
AUC = 0.79

 Higher AUC → better
discrimination



Future Plans
Explore additional jet observables and physical
features
Optimize the DNN architecture 
Compare different machine-learning models

Thank you for listening
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