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Introduction
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Example of as extraction from JSS: soft drop mass
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Step 2: Fit for ag in another observable

Estimated as precision from soft-drop mass: ~10%
Limiting factors: precise quark gluon composition (PDFs) and JES
Solutions were proposed: fit the g-g composition from data

Slope ~ asCi @ LL
q/g fraction needed



Energy correlators: E2C
E2C
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Energy correlators: E3C
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Quark/Gluon : Confinement Hadron

Initial proposal, Chen, Moult, Zhang, and Zhu, arXiv:2004.11381
: NLO+NLL, Lee, Megaj, and Moult, arXiv:2205.03414
. NLO+NNLLapprox , Chen, Gao, Li, Xu, Zhang, and Zhu, arXiv:2307.07510
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E5C/E2C: a new way to extract o

Chen, Gao, Li, Xu, Zhang, Zhu, arXiv.230/.0/510
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Experimental measurements

To extract as: measure E5C/E2C ratio in multiple jet pT regions and compare to
NNLLapprox prediction

Event selection
- Dijet events, || < 2.1,R = 0.4, CHS (PU charged hadron subtraction)

Jet

- 8 Py region in 9/ ~ 1784 GeV: probe energy scale dependency

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

- Unfolding data distributions



E2C & E3C: constituent unfolding

Unfolding: detector level -> particle level Unfolding
Unfold jet constituents instead of distribution:
- ), x; and energy weight, 3D unfolding 02

. 10 %22 %20 = 4400 bins 7, < —

eD’Agostini: iterative bayesian

Particle level Detector level




E2C & E3(C: statistical correlations O

Multi entry distribution for every jet, two jets in an event, statistical correlation important

Detector level => Unfolding => Normalization

Use independent statistics for E2C, E5C to avoid further correlation

E2C correlation matrix
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E3C measurement Using all neutral & charged hadrons > 1GeV in a jet
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Unfolded E3C vs MC

CMS Preliminary

36.3fb" (13 TeV)
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Unfolded E3C vs MC

CMS Preliminary 36.3fb" (13 TeV)
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E3C/E2C
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E3C/E2C CMS Preliminary 36.3 fo' (13 TeV)
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Direct observation of asymptotic freedom
CMS Preliminary ~ 36.3fb" (13 TeV)
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Unfolded E3C/E2C vs NNLL;pprox

36317 (13 eV Analytical predictions
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Unfolded E3C/E2C vs NNLL;pprox
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Theo sys:

(shape only, no normalization effect)

« QCD scale of NNLLgpprox prediction

e Hadronization factors
e QCD scale in hard scattering

e Underlying event + parton shower tune
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Unfolded E3C/E2C vs NNLL;pprox

CMS Preliminary 36.3fb" (13 TeV)
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Summary

e Jet substructure has become a powerful tool to understand QCD with
high precision

* Energy correlators provide new ways to understand the jet formation

e (Color confinement

 Asymptotic freedom

* 4% precision of as, the most precise using jet substructure to date



