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Energy correlators in jets: E2C
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Energy correlators in jets: E3C

Jet Formation
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- Loop over all the particles in a jet
- Each jet have an E2C and E3C shape
- EnC in jet not measured before

— : AR; ",
: E; v ¢ EEE,
: E3C = = Z Jda 5(xL Max(AR; ;, AR, AR; )
: - i,j.k T
Quark/Gluon : Confinement Hadron

Zhejiang University Measurements of energy correlators inside jets and the determination of a, ETUBEZENFYEEFASIN, Aug14 3 /19



Energy correlator for o ¢ extraction
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Motivation

- Study Jet Formation

- Parton shower => Confinement => Final Hadrons

- Extract a;

- Complementary phase space, in collinear region

- Typical energy scale: ~ p!l_et*xL/S, O(10 GeV)

- High Precision calculation available: NLO+NNLLgpprox
- Observe asymptotic freedom

- a,running along energy scale
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Analysis strategy

QCD process, Central dijet region, only take the two leading jets

Events 8 jet pT regions in 9/ ~ 1784 GeV: probe the energy scale dependency

Neutral & charged particles with p > 1GeV: all particles included

jet :
T XL and energy weight Wi;

Unfo[ding Perform 3d unfolding up to particle level: p

Uncertainty Statistical correlation and systematic uncertainties

Extraction of dg Comparing unfolded E3C/E2C distributions to NLO+NNLLgpprox predictions
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Datasets: Data & MC simulations
DATA (HIPM & no-HIPM)

To derive migration matrix and systematic uncertainties (PDF, QCD scales...)
- Pythia8.240 (nominal): /QCD Pt ™ TuneCP5 13TeV pythia8/RunliSummer20UL16MiniAOD*/MINIAODSIM

- MadGraph5+Pythia8: /OCD HT® TuneCP5 PSWeights 13TeV-madgraphMLM-pythia8/
RunliISummer20UL16MiniAOD*/MINIAODSIM

- Herwig7.1.4: /QCD Pt-15t0/7000 _TuneCH3 Flat 13TeV _herwig//RunliSummerl9UL16MiniAOD™-106X"/
MINIAODSIM

- MadGraph5+Herwig7: /OCD HT® TuneCH3_13TeV-madgraphMLM-herwig//RunliSummer20UL16MiniAOD*/
MINIAODSIM
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E2C & E3C : constituents unfolding

Unfolding: detector level -> particle level Unfolding

Unfold jet constituents instead of distribution:

| El *EZ
- ), x; and energy weight, 3D unfolding 0?

. 10 %22 %20 = 4400 bins o, < —

eD’Agostini: iterative bayesian

Particle level Detector level
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E2C & E3C : statistical correlation

Multi entry distribution for every jet, two jets in an event and normalization requirement

Detector level => Unfolding => Normalization

Use independent statistics for E2C,E5C to avoid further correlation

E2C correlation matrix

CMS Preliminary 36.3fb" (13 TeV)
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E3C measurement

Confinement
CMS Preliminary 36.3fb" (13 TeV)
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Unfolded E3C vs MC

CMS Supplementary 36.3 fb (13 TeV)
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Unfolded E3C vs MC

CMS Supplementary 36.3 fb (13 TeV)
NI e R | o | BB | Gommenes | BB Gerimeman . [ -
8 10 gEFree hadron : Perturb:atlve Free hadrbn Pertl:erative Free hadrel)n Pel:turbative Free helldron F’Ierturbative? Data VS VarIOUS parton Shcwer
LLl - I I | I I I I **_._ I 7 "
10F | | B e T - -_ 1 model, difference ~ 10%
i S : : : : N
Lo ' : : : ' : : : :
Bl jet. : jet. ' ] t. I jet. I il .
; " | 1= p 7 220 Gev I p-l: 220330 Gev:' — ettt} p-lfe 330468 Gev HH —t ::: p-:;e .: 468-'638 Ge'v' t :?: NO mOdeI matCh data Well In
= v —o-_o__o_ S, et .
E b || 8 : all p/* regions
> - ‘ .
AN RRACHE [N CSaes o = . v _emg AP reg
2 ‘ ' ‘M" SN \\ \ \ \\ L :;‘E." N \\~ \ \\Vv v,“} =r— &
2 0.9 B I i - T .-
= = TH._‘_‘_‘_'____. T S ol ___4,_."'___‘_'_____. o
102 E . Confinement | 1 Confinement : 1 Confinement : | Confinement : | ?
(ﬁ"j ;Free halldron F’:erturbatlve Perturbatlve *_.__.- E Perturbative #—.-_.- E Perturbatlvei : D ata Stat error
—e ¢ —eo
10__ﬁ‘-- N --I_ 'r--_. -..'.--_.

Exp systematic

o
o 8 . : + .
o pr': 638-846 GeV p': 846-1101 G'eV pJet 1101-1410 GeV + pL':1410-1784 GeV
< — - HH—— - — i —— - — - —— :—A-" ——HHH———— :“:::'ii:: ——
T 1.1 Aot N\ l Th . £
S N i ’ @ - & YL . 1'Neo systematic
P 1 \‘f“: —" = (—A w . m\ o A ' ‘\\\\\\\\ NN =—A— Y -“-‘\\\\\\\\\\\\ - ' — _ul—#ﬂﬂu&\: y
g oSN N\ S L NS N
2 09} —a- + T e T —i-
-3 2 1 - _ - -3 2 1 -3 2 1
10 10 10 X, 10°° 1072 10 10 10 10 X, 10 10 10 X,
o Data -a— PYTHIA8 CP5 (p ordered) —— PYTHIA8 VINCIA -+ PYTHIA8 DIRE
-e—- HERWIG7 CH3 (angular-ordered) —== HERWIG7 DIPOLE —— SHERPA2

Zhejiang University Measurements of energy correlators inside jets and the determination of «, ETHUERZEENFMEFZEARRIN, Aug 14




Unfolded E3C vs MC
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Unfolded E5C/E2C vs MC

CMS Supplementary 36.3 fb™ 13 TeV)
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Direct observation of asymptotic freedom

CMS 36.3 fb™' (13 TeV)
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Unfolded E5C/E2C vs NNLLapprox
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Chen, Gao, Li, Xu,Zhang, and Zhu,
arXiv:230/.0/510

Analytical predictions
- NNLLapprOX: Parton level E3C/E2C

-2nd order hard function approximation

-Same phase space as the analysis

Hadronization factors
= Bin by bin factor

- average of Pythia&Herwig
- E2C,E3C:5-35%

- E3C/E2C: 2%
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Unfolded E5C/E2C vs NNLLapprox

CMS 36.3 fb’ (13 TeV)
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Unfolded E5C/E2C vs NNLLapprox
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Summary

- Energy Correlators provide new ways to understand the jet formation
- Color confinement

- Asymptotic freedom

- 4% precision of ag, the most precise using jet substructure to date
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