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Introduction

What is jet substructure?

 Jet constituents are mapped onto physically
meaningful observables

* Provides numerous innovative ways to probe the
Standard Model in extreme regions of phase space

« Experimental precision to challenge state-of-the-art
pPQCD analytical calculations and to constrain parton
shower and hadronization model of MC generators
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Outline

In this talk:

« Measurement of the primary Lund jet plane density
in proton-proton collisions at /s = 13 TeV

JHEP 05 (2024) 116

« Measurement of energy correlators inside jets and
determination of the strong coupling as(m;)
SMP-22-015, accepted by PRL
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Primary Lund jet plane

« 2D representation of the phase-space of 1 — 2
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Primary Lund jet plane

« Measurement based on full Run 2 dataset

Inclusive jet selection
« Jetpr >700 GeV and |y| <1.7
+ anti-k; with small R=0.4 and large R=0.8

Charge patrticle of the jet are used for LJP

Unfolding by D’Agostini method to particle level

Systematic uncertainties:
« Shower and hadronization: 2-7% in bulk
» Tracking eff.: 1-2% in bulk, 10-20% at edge

« Subleading components (< 1%):

« Parton shower scale, Jet energy scale
and resolution, pileup
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Primary Lund jet plane

« Comparison of unfolded LJP density with various MC predictions
 Different parton showers, hadronization, colour reconnection, and underlying event effects
 Differences between data & MC of the order of 10-20%

« Better agreement with Herwig7 and Sherpa — predictions based on cluster fragmentation model
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Energy correlators inside jets

E2
* ARy, 2
« Multiparticle energy correlators describe the e
correlations of kinematic properties of particles within .
the jet i
« Two and three-peyticle energy correlators :
EiEj Quark/Gluon :Confinement Hadron
E2C = da—(S(xL — AR;;)
E3C = Z j 0P BB (0 (o, A aR)) oy M8 96307(13TeV
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Energy correlators inside jets

« Measurement based on 2016 dataset: 36.3 fb""
* Inclusive dijet selection
 PF CHS jet, anti-k; with R=0.4 and |n| < 2.1, 8 pt region in 97 — 1784 GeV

* Neutral & charged particles with pp > 1 GeV
 All particles included, direct comparison with theoretical calculation
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Energy correlators inside jets

. CMS Supplementary 36.3fb7 (13 TeV)
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Energy correlators inside jets

« Benefit of taking ratio
* Exp. syst.: ~8% — ~ 3%

 Data/MC difference reduced

¢« ~10% —» ~ 3%

» Better agreement with models

« Slope of E3C/E2C decreases
with increasing jet pt
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Energy correlators inside jets

Ratio of E3C and E2C as a function of x, can
be used to extract the strong coupling as(my)

cmMs ~ 36.3fb" (13 TeV)
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https://indico.cern.ch/event/1291157/contributions/5876623/

Conclusion

Jet substructure measurements explore the basic building blocks of QCD

Jet substructure measurements can be used to improve MC event generators

Jet substructure measurements can be used to determine the strong coupling ag(m;)

More measurements are coming. Stay tuned!
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