QCD precision measurements

at the LHC
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Using jets as proxies

Compared to NNLO predictions, 10-4 - 1023

(pb/GeV)
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Parton shower and jet substructure

Cambridge—Aachen declustering

Angular-ordered




Lund plane
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Lund plane

PRL 124 (2020) 222002

Soft-emission ATLAS (s=13TeV, 1391b”,p, > 675 GeV
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Dead-cone effect

Reclustering step 1 Reclustering step 2

Reclustering step 3

Fully reclustered jet
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Jet grooming: soft-drop

Remove soft and wide-angle radiation

Larkoski, Marzani, Soyez,Thaler, 2014

QCD jets

<

0.06 :
0.014 | Pyhia8(4C)
0.05 001 .1 Vs=14 TeV, R=1

2 ~ = |
J > 0.04 > 0.1
----------------------------- = - 0.008

£ 0.03 E
. S PythiaB(4C) O
x if  mintpry.pre) |, AR, £ Js=14 TeV. Rt B 0.006
not (pT,j1 +pT,j2) R 2 0.02 pt>500 GeV 2 0 004
0 i — 0 / / .
20 40 60 80 100120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
m [GeV] m [GeV]

o min(pr . P1.j,) AR, \”
MLB (CERN) — Jet reconstruction in ATLAS > Zeout ;

2 KR



Jet grooming: soft-drop O

Remove soft and wide-angle radiation
CMS, B2G-18-005
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Soft drop mass, high precision calculation
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Soft drop and alphaS

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 : TVESDAY 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%



Energy correlators: EnC
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EnC: statistical correlations

Multi entry distribution for every jet, statistical correlation important

E2C correlation matrix

CMS Preliminary 36.3fb™" (13 TeV) 1

x; bins in a p/*' region

Correlation: 80%
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EnC: Constituent unfolding

Unfolding: detector level -> particle level Unfolding

Unfold jet constituents instead of distribution:
E,*E,
jet

« pJ.',x; and energy weight, 3D unfolding Q>

. 10 %22 %20 = 4400 bins 7, < —
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E3C measurement
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E3C in all pT regions

36.3fb" (13 TeV)

CMS Preliminary
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E5C/E2C: a new way to extract o

At LL,E3C/E2C is a linear function of a,

A/_. x ag(Q)In x; + O(asz)
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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 36.3fb' (13 TeV)
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Summary

* Rich program in QCD precision measurement

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