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B CE/ I ECHELPIOJECT

* Project goal:

o Study angularities at different collision energies, (Vs =7, 8, 13 TeV)
using CERN open data.

o Extract quark/gluon angularities from jet angularities
 Student background:

O Master in theoretical physics

o Advanced Python, Linux | Basic C++, Lxplus, HTCondor

O New to Experimental physics CMSSW framework,
ROOT data analysis, Uproot library.
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IMotivzitiog=c(iizifid/ oo cipgtlziFiny

« Improve Monte Carlo (MC) generators
« Improve jet tagging algorithms

 Separation helps reduce the dominant uncertainty for the as extraction
from jet substructure at the LHC w2206 10602

* BSM searches: BSM signals often contains many quark, and backgrounds
are QCD gluons arxiv:2307.15378
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https://arxiv.org/abs/2206.10642
https://arxiv.org/pdf/2307.15378

Jei sgaileirities - definitior

Probe jet substructure & radiation pattern information via:
B K
Ko PT,i AR; 4
)\5 - ZiEjet (pT,J> ( Ry )
Studied generalized angularities in the literature:

(x,8)  (0,0) (2,0) (1,0.5) (1,1) (1,2)
AB  multiplicity e LHA  width mass

Each variable is sensitive to different radiation property of the jets

Simplest case: gluon multiplicity > quark multiplicity because
gluon radiate more.
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Cluzirle & gluom resisirermient: e fees

* 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:
O Distribution 1= fq1® quark distribution + (1-f41) ® gluon distribution
O Distribution 2 = f;,® quark distribution + (1-f,) ® gluon distribution

+ faq, fo: 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: fq1, fq, quark distribution, gluon distribution

l, Let’s try using quark fractions fq1, fq from simulation?
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Cluzirle & gluom rlesisirermient: Fre fees

* Distribution 1: Jet angularities from dijet events at 7 TeV — A\

* Distribution 2: Jet angularities from dijet events at 13 TeV — A»
e faq. fo: [N.0. quark/N.o. quark+ gluon] , taken from Herwig
« Solving the system of equation:
quark distribution= A1 fq2 — A2 fql
fql _ fq2
gluon distribution= )\2 (fql — 1) — )\1 (fqg — 1)
fql T fq2
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(CERNFOPERNdaha

e Dataset used:

OPENDATACMS.UP77.P6PQ

There are 14 publications referring to these data

JetHT primary dataset in MINIAOD format from RunH of 2016 (/JetHT/Run2016H-

UL2016_MiniAODv2-v2/MINIAOD)

/JetHT/Run2016H-UL2016_MiniAODv2-v2/MINIAOD, CMS Collaboration

Cite as: CMS Collaboration (2024). JetHT primary dataset in MINIAOD format from RunH of 2016 (/JetHT/Run2016H-UL2016_MiniAODv2-v2/MINIAOD). CERN Open

Data Portal. DOI:10.7483/OPENDATA.CMS.LTOET7RQ

There are 4 publications referring to these data

- 20 work has been studied using these data
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(CERNFOPERNdaha

e Major complications with open data at different collision energies:

o Different CMS software (CMSSW) versions— many different syntax
o Different anti-kt radii R=0.4, 0.5

o Different pileup subtraction methods

O Jet energy correction (JEC) & jet energy resolution (JER)

o A lot of source code digging.

— Doable within a LPCC/MCnet studentship.
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ojjet avenis in CEMN 9o iz

« We study anti-kt jets with R= 0.4 in dijet events:

O PT,ave=(PT1+pT2)/2 > 300 GeV

O pTz/PT1> 0.3 106 -

 Dijet events pr distribution 1

are weighted by triggers
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dijet avenis - Carnl gueq) clziizl

13TeV ak4CHS

 Comparing pr distribution shape _
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Jei csiggibidities ja dijet eyveriis

« Only consider charged constituents: angularites = charged angularites

e LOW pra.events have
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. : . pgorave s 150 GeV
0 20 40 60

40 60 80

- 150 GeV cut have ) —— P§E> 300 Gev oy 00
o 4. 875 E= MC events P2'¢ > 300 GeV
large statistic unc. id}h% .
q 300 Gev CUt have gzzn:o D.‘Z D.‘4 n.‘ﬁ 0:8 ngzo:u 0.‘2 r:? :6 EE D.‘B

angularity (2,0) angularity (2,0)

smaller statistic unc. . e

e Some measurement doesn’t

normalized No. even

. 0.0 D.‘Z D.‘4 l].‘ﬁ 0:8 : E K;.D 0.‘2 014 D.‘ﬁ D.‘B
angularity (1,0.5) angularity (1,0.5)
agree with MC?

— Are we comparing M m
apple-to-apple? N | ‘ ‘ ‘ i | ‘ ‘ ‘

— We need to go back to a—

nts

fundamental " ﬁ%\ i" ﬁk

normalized N

0.0 0.2 0.4 0.6 0.8 2 0.0 0.2 0.4 0.6 0.8
angularity (1,2) angularity (1,2)

T Ay alarities distributions at 7. 13 TeV, with different orcut = =~



Uhiieldiney et ansularmbies

pem o emm e mm e e e e e e e e e § s e s e e,

Digitization

« What we analyzed from
General

I
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ata: RECO jet i '! .
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|
|
|
|

L1 trigger
simulation

« What MC (Herwig) give us: | I

- Matrix HLT Digi2raw
! w El ¢ , . simulation .
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]

| B (— ) [ &1 High
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CMS Experiment Data Analysis

« The step going from RECO jet = GEN jet is called unfolding

Van Dung Le 12/18

3IAIaA0-U0NoNpPo.Id-oW-SWo/So0p/y9 uladerepuado//:sdny


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

Uhiieldiney et ansularmbies

What weneed for =7 ™ N S B ,

f l d. . General !
unfolding: o :
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!
Matrix ! Pile-up
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simulation
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Simulated dataset QCD_Pt-600to800_TuneZ2_7TeV_pythiaé in AODSIM format for 2011 5

collision data (SM Exclusive)
Simulated dataset QCD_HT300to500_TuneCP5_PSWeights_13TeV-madgraph-pythia8 in
MINIAODSIM format for 2016 collision data

— Do everything again: re-clustering, corrections, CHS,... + jet matching
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https://opendata.cern.ch/docs/cms-mc-production-overview
https://opendata.cern.ch/docs/cms-mc-production-overview

Uhiieldiney et ansularmbies

 Jet matching:

GEN total phase space

GEN cut phase space

matched
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RECO total phase space
RECO cut phase space
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UhteldinsyeRansuendties

e Matched events to build a 2d histogram called response matrix.

« fake events: background histogram - o
« missed events: efficiency histogram maheimssacen £ 104
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Uriioleirg sigriuilziiion

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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NEXINSLEPS

 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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@i G0k

« Do some phenomenology studies, generator studies,...
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