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Jets & QCD at the LHC

proton structure

— PDFs
= crucial for understanding proton structure & strong interaction
i ¢ ) hard process

up to the highest accessible energies S a
= measurements provide essential experimental input for improving

the parton distribution functions (PDFs) of the proton and the

strong coupling o
= many recent results from CMS, presenting only a personal

selection today

jets

— measurement
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Jet azimuthal correlations (preliminary)

= observable Ry, defined via the number of neighboring
jets within a specified interval of

angular distance Ap

l_]et(pT) Nr(lbr(A(P Pnbr )

ratio observable

Rag(pr) = Nt (1)

= interval (2%( <Ad < %‘) separates dijet topologies
from 3+ jets — sensitivity to a,(mg)

— many systematic
uncertainties cancel
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Jet azimuthal correlations (preliminary)

= extraction of a5(m;) from comparison to fixed-order
pQCD predictions at NLO using several global PDF
sets + nonperturbative & electroweak corrections
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[arXiv:2402.13864] CMS

Energy correlators (EECs)

= substructure observables that describe the correlations of kinematic properties
of particles inside jets, weighted by energy — EE;/E? or EEjE/E?

= calculated based on pairs (E2C) or triplets (E3C) of constituent particles

= ordered by angular separation x, — probe timescale of hadron formation
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Energy correlators (EECs)

[arXiv:2402.13864]
Submitted to PRL

= EECs measured in bins of jet py and compared to predictions from MC generators
PYTHIA 8, Herwig 7 and SHERPA 2

best overall description

perform better in some regions
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Strong coupling from EECs
ratio of E3C and E2C sensitive to a(m;):
= approx. linearin asIn x;

= PDF dependence largely suppressed
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[arXiv:2402.13864] CMS
Submitted to PRL
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[arXiv:211110431] [CMS

Inclusive jet production at Vs =13 TeV i 0 (2020 16

+addendum [JHEP 12 (2022) 035]

comparison to fixed-order pQCD theory at NNLO and NLO+NLL

+ corrections for non-perturbative (NP) improved agreement at NNLO

and electroweak (EW) contributions STy NLO+NLL 33.5 fo! (13 TeV)
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Inclusive jet production at Vs =13 TeV i 0oz ] | o
+addendum [JHEP 12 (2022) 035]

= determination of PDFs & a,(m;) up to NNLO most precise value of a;(m;)
obtained from jet cross sections
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Multidifferential dijet cross sections

= double- & triple-differential cross section measured
as a function of dijet invariant mass m, , for anti-k; o
jets withR=0.4 & 0.8

= data compared to fixed-order theory at NNLO pQCD
from NNLOJET + fastNLO
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o ge ° X ° [arXiv: . ]
Multidifferential dijet cross sections submiteato£C | N2
PDFs and a,(m;) determined simultaneously in fits to CMS dijet & HERA DIS data
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[arxiv:240111355] | ~Kpg

Inclusive jet production at Vs =5.02 TeV

complementary measurement at lower

center-of-mass energy using anti-ky jets 108 M8 27.4 pb™ (5.02 TeV)
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Primary Lund plane density CMs

= Lund jet plane represents phase space of emissions inside jets [arXiv:2312.16343]

= anti-k; jets are declustered iteratively using Cambridge—Aachen algorithm submitted to JHEP

= density of emissions measured as a function of In(k; / GeV) and In(1/ AR):

multiple entries per jet 0 1 d” Nemissions

o) d 3 0 I\]jets d 1n(kT)d III(R/AR)

_‘;U Harder subjet 2 5 0 ’
. o Initial jet 0 ~ ECR“S (kT)
> 1 ! 0 . 4
& JIsr I Applications
X \ ! = improve modeling of parton shower,
5 0 hadronization, underlying event, ...

= heavy-flavor tagging due to unique
signatures of boosted color-singlets

soft

hadronization

large angle small angle

In(1/AR)
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Primary Lund plane density M

= measured for both small (R = 0.4) and large-radius jets (R = 0.8)
with p; > 700 GeV & |y| < 1.7, using only charged constituents

[arXiv:2312.16343]
Submitted to JHEP
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Summary

= presented recent jet measurements from the CMS Collaboration

= diverse measurement programs, targeting large range of observables,
such as jet cross sections, jet substructure, event shapes

= measurements provide essential input for determinations of strong
coupling a,(m;) and parton distributions, together with theory
predictions up to NNLO accuracy

Thank you for your attention! Questions?
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Inclusive jet production @ 5.02 TeV
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Multidifferential dijet cross sections

[arXiv:2312.16669] CMS
Submitted to EPJC

comparison to fixed-order theory predictions @ NNLO x nonperturbative, electroweak corrections
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[arXiv:211110431] [CMS

Inclusive jet production @ 13 TeV ep 02 22 102

+addendum [JHEP 12 (2022) 035]

comparison to fixed-order pQCD theory at NNLO and NLO+NLL
+ corrections for non-perturbative (NP)
and electroweak (EW) contributions CMS 33.5 16 (13 TeV)
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Inclusive jet production @ 13 TeV

= determination of PDFs & a,(m;)

up to NNLO

as(mZ)NNLO= 0.1166 (14)fit (7)model (4)scale (1)param.

6 XZ / Ngof = 1302 / 1118

= with tt data: limits on Wilson coefficients for

four-quark contact interactions

CMS SMEFT NLO 13 TeV jets

&tt+ HERA

* 95% CL fit+model+param. unc.
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= 68% CL fit unc. only
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