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QCD and jets

QCD: non-abelian Yang-Mills theory ~
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Parton (quark or gluon) fragmentation and hadronization
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Dynamics of jets formation: from short to long distance in quantum field theory
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Jets at the LHC

Jets are produced copiously at the LHC Not jets (QED jets?):e u y

Tau jets: 7

QATLA ’ Number of jets: 10
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Jets cross section @ LHC: NNLO QCD in full color

(Chen, Gehrmann, Glover, Huss, Mo ’22)
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- A new calculation of the NNLO corrections to jet production observables with full-color information
- The subleading color contributions play a potentially sizable role in the description of the triply differential

distributions



Jet evolution from perturbative QCD: Jet Mass
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Two general approaches to evolution

Top down: all-order factorization theorems e.g. Soft-Collinear Effective
Theory, ...
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Bottom up: corrections to coherent branching. e.g. parton shower, . ..

e Simplifications at a given accuracy Lends itself to automation and
Monte Carlo implementation
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Grommed jet mass at high precision

Soft Drop: clean up a jet by removing soft radiation
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Non-perturbative corrections:
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Normalized EEC

Jet substructure with energy correlators and track functions
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Azimuthal decorrelation of QCD jets

_ _ e TMD evolution; 3D imaging of nucleon
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Azimuthal decorrelation of QCD jets in ultra-peripheral collisions

Dijet Production with no Nuclear Breakup
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Recoil-free azimuthal angle at high precision

(Chien, Rahn, DYS, Waalewijn & Wu ’22 + Schrignder ‘21)

anti-kr + recoil-free recombination scheme Standard TMD factorization (CSS, JMY, SCET2 ...)
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Numerical results

LHC 1$T(‘\, pp — Z + ’]\’VTA + X
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e serves as a baseline for pinning down the inner workings of QCD matter using hard probes
e the superior angular resolution can be achieved by using the tracking systems at the LHC
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Heavy flavor jets

Charm Yukawa couplings

Jets containing heavy quark are
important to the LHC

Y

Intrinsic charm in the proton

Higgs physics
Top physics
PDFs

mp M in the evolution
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Heavy flavor jets in QCD theory

anti-kr jets counting the flavor is not IR safe

* A large-angle soft gluon splitting to a large-angle soft quark pair
can affect jet flavor

* One solution: recombine the soft quark pair

max(k?, k),  softer of 4, j is flavoured,

(F) _
di;’) = (Anj; + Agy)) x { min(k2, k2 ) softer of 7, j is flavourless,
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New ideas:

Soft drop Flavor anti-kr
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E.g. Hadrons produced inside Z-tagged jets in proton-proton collisions

Jet fragmentation function: hadron inside jets

p(pa) + p(ps) = Z(nz, pzr) +jet(n;, pir,R) h(zp, ji) + X

Kang, Lee, Terry, Xing ‘19
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Jets: push the boundaries of quantum field theory

y @
Gap fraction originally suggested on the basis : Qq :
of color flow considerations in QCD Bjorken ’93 , @ : Q
I
Forshaw, Kyrieleis, Seymour ‘06 have analyzed | |
the effect of Glauber phases in the exclusive jet ' '
cross section directly in pQCD
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All-order results of leading Super-Leading Logs
(Becher, Neubert, DYS 21 PRL +’22 in progress)

All-order structure: Kampe de Feriet function (a two-variable generalization of

the generalized hypergeometric series, the general sextic equation can be solved
in terms of it)

1
9 lr! cOg
m=0 r=0 ( m+r(2 m+r m:r w = N‘:‘T(N) 1 2(%)
1:1,%;
— +1F2+0( 5 ,2,,_'11),—’0’(1))
2,20 Numerical results

Sudakov suppression of the superleading I Vi 0 Gy Ay —o ]
logarithms is weaker than the one present | y
for global observables

AG /6 7]

Global logs >

Superleading logs >

€
W — 00 l
W

Red: Four loop Blue: Five loop  Black: all order
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Summary

e Jets and jet substructures

e display QCD over a wide range of energy scales, from colliding

energy to the hadronization energy.
e contain important signatures of exotic physics, such as Higgs and top

quarks
e boost the searcher for new physics

e push the boundaries of QFT

e Other interesting topics not be covered: machine learning; jet probe in QGP

Thank you
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