Energy correlator measurements
at the CMS
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Jets: proxies to study QCD
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Jet formation and jet substructure

Cambridge—Aachen declustering

Angular-ordered




Jet substructure studies
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Jet substructure and alpha$S

STRONG COVPLING FROM TSS (PROSPECTS)

LEP EXTRACTIONS LHC EXTRACTIONS LHC EXTRACTIONS FROM TS5

soft-drop grooming
Underlying event,
colour reconnection — mitigate soft/wide-angled

contributions

Thrust extraction sensitive in Jet rates, cross-section ratios

resummation-dominated usually compared to fixed-
region order calculations

Soft-drop mass prediction
— precise resummation

MLB ;: TUESDAY MORNING HOFIE ;: THURSDAY MORNING!

Prediction: we will see the first as extractions from JSS during Run 3!

Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 41

Leshouches2017, axXiv: 1803.07977, estimated precision on aS: 10%



Current as measurements

(M) = 0.1179 + 0.0009 (+0.8%)

Hadronic tau decay (4 values):

a (M) =0.1178 +£ 0.0019 (+1.6%)
Quarkonia properties (4 values):

a (M) =0.1181 + 0.037 (+3.3%)

DIS & PDFs fits (6 values):
a (M) =0.1162 + 0.0020 (+1.7%)

e*e — hadrons final states (10 values):
a (M) =0.1171 + 0.0031 (+2.6%)

Hadron collider measurements (5 values):
a (M) =0.1165 + 0.0028 (+2.4%)

Electroweak precision fits (2 values):
a (M) =0.1208 £ 0.0028 (+2.3%)

Lattice QCD (1 FLAG value):
a (M) =0.1182 + 0.0008 (+0.7%)
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Energy correlators: EnC

Large weight: energetic

: E E2C Small weight: soft
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Quark/Gluon . Confinement: Hadron :

: : . Chen, Moult, Zhang, and Zhu, arXiv:2004.11381

Larger point means  Lee, Mecaj, and Moult, arXiv:2205.03414
higher energy  : Chen, Gao, Li, Xu, Zhang, and Zhu, arXiv:2307.07510



https://arxiv.org/abs/2004.11381
https://arxiv.org/abs/2205.03414
https://arxiv.org/abs/2307.07510

Energy correlators: EnC

Quark/Gluon : Confinement.
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EnC: statistical correlations

Multi entry distribution for every jet, statistical correlation important

Detector level => Unfolding => Normalization

Independent statistics for E2C, E5C

E2C correlation matrix
36.3 b (13 TeV) ,

CMS Preliminary
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EnC: constituent unfolding

Unfolding: detector level -> particle level Unfolding

Unfold jet constituents instead of distribution:

. p%et, X; and energy weight, 3D unfolding

e 10 x 22 * 20 = 4400 bins

Particle level je e jet /
Pr PT
\Unfolding

Particle level Detector level




E3C measurement Usingall neutral & charged hadrons > 1GeV in a jet
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random distribution
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E3C in all pT regions

CMS Proliminary o e 05 1 (13 TeV) Boundary shift with jet pT
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E3C/E2C: a new way to extract «a

:» At LL, EBC/E2C is a linear function of a

57, «ag(@lnx, +0(a?)

' Ci factors enter E3C and E2C and partially
. cancel

Relative difference
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https://arxiv.org/abs/2307.07510

E3C/E2C
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Direct observation of asymptotic freedom

CMS Preliminary 36.3fb" (13 TeV)
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Unfolded E3C/E2C vs NNLL-approx

CMS Preliminary 36.3 fb' (13 TeV)
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Summary

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

* Energy correlators provide new ways to understand the jet formation

* Color confinement

* Asymptotic freedom

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



