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LPCC/MCnet projectLPCC/MCnet project
● Project goal:

○ Study angularities at different collision energies, (√s = 7, 8, 13 TeV) 
using CERN open data.

○ Extract quark/gluon angularities from jet angularities
● Student background:

○ Master in theoretical physics
○ Advanced Python, Linux | Basic C++, Lxplus, HTCondor
○ New to Experimental physics CMSSW  framework, 

ROOT data analysis, Uproot library.
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Motivation-Motivation-quark/gluon angularityquark/gluon angularity
● Improve Monte Carlo (MC) generators
● Improve jet tagging algorithms
● Separation helps reduce the dominant uncertainty for the αS extraction 

from jet substructure at the LHC
● BSM searches: BSM signals often contains many quark, and backgrounds 

are QCD gluons 

arxiv: 2206.10642

arxiv:2307.15378

https://arxiv.org/abs/2206.10642
https://arxiv.org/pdf/2307.15378


Van Dung Le 4/18

Jet angularities - definitionJet angularities - definition
● Probe jet substructure & radiation pattern information via:

● Studied generalized angularities in the literature:

● Each variable is sensitive to different radiation property of the jets
● Simplest case: gluon multiplicity > quark multiplicity because 

gluon radiate more.



Van Dung Le 5/18

Quark & gluon measurement: The ideaQuark & gluon measurement: The idea
● We can't tag individual jets as "quark" or "gluon" with 100% certainty. 
● Instead, we can extract the distribution quarks and gluons without tagging. 
● The system of equations:

○ Distribution 1 = ƒq1 ⊗ quark distribution + (1-ƒq1) ⊗ gluon distribution
○ Distribution 2 = ƒq2 ⊗ quark distribution + (1-ƒq2) ⊗ gluon distribution

✮ ƒq1, ƒq2: fraction of pure quark in measured distribution 1, 2 (the rest is gluon)
✮ Pure quark and gluon distributions’ shapes are the same in the two measured distributions, 

only the proportions are different
● This system has 4 unknowns: ƒq1, ƒq2, quark distribution, gluon distribution↳ Let’s try using quark fractions ƒq1, ƒq2 from simulation?
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● Distribution 1: Jet angularities from dijet events at 7 TeV   →  𝛌1
● Distribution 2: Jet angularities from dijet events at 13 TeV →  𝛌2
● ƒq1, ƒq2: [N.o. quark/N.o. quark+ gluon] , taken from Herwig
● Solving the system of equation:

quark distribution=

gluon distribution=  

Quark & gluon measurement: The ideaQuark & gluon measurement: The idea
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CERN open dataCERN open data
● Dataset used:

- 20 work has been studied using these data 
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CERN open dataCERN open data
● Major complications with open data at different collision energies:

○ Different CMS software (CMSSW) versions  many different syntax→
○ Different anti-kt radii R=0.4, 0.5
○ Different pileup subtraction methods
○ Jet energy correction (JEC) & jet energy resolution (JER)
○ A lot of source code digging.

 → Doable within a LPCC/MCnet studentship.
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● We study anti-kt jets with R= 0.4 in dijet events:
○ pT,ave=(pT1+pT2)/2 > 300 GeV
○ pT2 / pT1> 0.8

● Dijet events pT distribution
are weighted by triggers
prescales.

 → Lower pT events have 
large weights

dijet events in CERN open datadijet events in CERN open data

preliminary

Solid: physical distribution

Dashed: 
True statistic
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dijet events - Cern open datadijet events - Cern open data
● Comparing pT distribution shape

from data with MC :
normalize to the first bin

● pT,ave distribution shape is
comparable MC simulation

 → We can move on to study
angularities.

preliminary
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Jet angularities in dijet eventsJet angularities in dijet events
● Only consider charged constituents: angularites ≡ charged angularites
● Low pT,ave events have 

large weights:
 → 150 GeV cut have 

large statistic unc.
 300 GeV cut have→

smaller statistic unc.
● Some measurement doesn’t

agree with MC?
 Are we comparing→

apple-to-apple?
 We need to go back to→

fundamental

preliminary

angularities distributions at 7, 13 TeV, with different pT cut
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Unfolding jet angularitiesUnfolding jet angularities
● What we analyzed from

data: RECO jet
● What MC (Herwig) give us: 

GEN jet

● The step going from RECO jet → GEN jet is called unfolding

https://opendata.cern.ch/docs/cm
s-m

c-production-overvie
w

https://opendata.cern.ch/docs/cms-mc-production-overview
https://opendata.cern.ch/docs/cms-mc-production-overview
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https://opendata.cern.ch/docs/cm
s-m

c-production-overvie
wUnfolding jet angularitiesUnfolding jet angularities
What we need for 
unfolding:

Simulated data
(Open Data):

 → Do everything again: re-clustering, corrections, CHS,… + jet matching

https://opendata.cern.ch/docs/cms-mc-production-overview
https://opendata.cern.ch/docs/cms-mc-production-overview
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Unfolding jet angularitiesUnfolding jet angularities
● Jet matching:

GEN total phase space RECO total phase space

matched

missed fake

fakemissed

GEN cut phase space RECO cut phase space
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Unfolding jet angularitiesUnfolding jet angularities
● Matched events to build a 2d histogram called response matrix.
● fake events: background histogram
● missed events: efficiency histogram

building
response matrix



Van Dung Le 16/18

Unfolding simulationUnfolding simulation
● The effect of unfolding shown:
● measured: distribution from 

detector simulation
● unfolded: expected parton level

distribution unfolded from measured

 → Unfolding shift most distribution
to the left: parton level jets have
less constituents, contamination.
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Next StepsNext Steps
● Finalize Unfolding: Complete closure tests and apply the correction to the 

data distributions for both samples.
● Complete uncertainty evaluation: Finalize the estimation of all major 

systematic uncertainties.
● The final extraction: Solve the system of equations using the unfolded 

distributions to obtain the pure quark (Q) and gluon (G) angularity 
distributions.

● Final comparison: Compare our extracted Q and G distributions with 
predictions from different particle-level Monte Carlo generators
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  OutlookOutlook
● Do some phenomenology studies, generator studies,…
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