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Outline and disclaimer

m Jet substructure in proton-proton collisions at LHC energies
Theoretical calculations with pQCD: logarithmic accuracy and resummation
Observables: Lund plane density, zg-distribution, dynamical grooming

|z| Jet substructure in Pb+Pb collisions at LHC energies
Analytic approach to in-medium jet evolution: BDMPS-Z, GLV and IOE
Observables: zg-distribution, 6, with dynamical grooming

Topics not covered (but very relevant)
Machine learning: (oreyer et al. JHEP 08 (2021) 052, Du et al JHEP 03 (2021) 206, Lai et al 2012.06582]
Jet physics at the EIC and RHIC: [EiC velow Report 2103.05419, STAR Phys Lett B 811 (2020), STAR NPA 967 (2017)]

New clustering algorithms: [aratia et al 2006.10751, Apolinario et al 2012.02199, Wei et al PRD 101 (2020) 9, 094015
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Parton branching in vacuum
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Space-time picture of a jet: Lund plane representation
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Lund diagram (primary emission plane)

- secondary branchings located on
iIndependent “leaves”

[Andersson, Gustafson, Lénnblad, Pettersson '89]

Accessed In experimental data using jet

reconstruction (C/A algorithm)
[Dreyer, Salam, Soyez JHEP 12 (2018) 064]
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Engineering jet substructure observables

Minimal checklist to keep In mind for potential jet substructure olbservables

Theoretically calculable: IRC (or at least Sudakov) safety
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Engineering jet substructure observables

Minimal checklist to keep In mind for potential jet substructure olbservables

Theoretically calculable: IRC (or at least Sudakov) safety

Experimentally measurable, e.qg. thermal background impact on
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Engineering jet substructure observables

Minimal checklist to keep In mind for potential jet substructure olbservables

* Theoretically calculable: IRC (or at least Sudakov) safety
* Experimentally measurable
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Analytic insight: ki-distribution of the hardest splitting

Fixed order Inthe o, < 1.k, , < 1 regime,
olay: 197 M) =) ot =1
o dk;, K: o
o Z Large logarithms enter order-by-order and must be resumed
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Analytic insight: ki-distribution of the hardest splitting

Resummation < distribution of the hardest splitting
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Analytic insight: ki-distribution of the hardest splitting

2
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Observable #1: Primary Lund jet plane density at NLL
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Observable #1: Primary Lund jet plane density
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Observable #2: zg-distribution 0 0
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Observable #3: dynamical grooming

Find hardest branch in the C/A sequence, i.e.

Physical interpretation:
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Observables #3: ktg with dynamical grooming icauca aso, akacs 2103 06566

’ o
Resummation: the cumulative distribution 2(v) = J dv’ = reads
0 o 4V

1 1 00 2n
S(k, ,|a) = J dzJ d P (z,0)A(k| )0k, , — 20) T (k) = ) al ) c,, In"(k,,)
n=0 m=0

0 0

Non-exponentiation leads to NPDL type of counting. We reach N2DL in the narrow jet limit:

Collinear ingredients: Soft, wide angle contributions:
Running coupling aZ(k,) Non-global logarithms o In(z,)

Hard-collinear correction to splitting function

—-lavor switching leads to a power correction, pt-degradation of the primary branch is N3DL

Multiple emissions do not enter by definition and free of clustering logarithms
12



Observables #3: ktg with dynamical grooming icauca aso, akacs 2103 06566

Resummation: we reach N2DL in the narrow jet limit by including

Collinear ingredients:
Running coupling

Hard-collinear correction to splitting function

Soft, wide angle contributions:
Non-global logarithms

Fixed order: exact matrix element at O(a,) with MadGraph. C+ term through matching
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Observables #3: ktg with dynamical grooming icauca aso, akacs 2103 06566

Very good description of ALICE data (also for z,, 6,) after including NP
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Space-time picture of an in-medium jet

How is the branching kernel, P (z, 8), modified by the QGP?

~ dé dl
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Analytic approaches to compute the branching kernel

* Multiple soft scattering approximation/BDMPS-Z ;

[Baier, Dokshitzer, Mueller, Peigné, Schiff’96]
[Zakharov'96]

® Opacity expansion/GLV LO (N=0): vacuum
radiation. NLO (N=1): single, hard scattering

[Gyulassy, Levai, Vitev'01] [Sievert, Vitev'19]
[Wiedemann’00]

* Improved Opacity expansion LO:BDMPs-Z, ol T
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All-orders numerical solution (Andres, Apolinario, Dominguez'20]
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Space-time picture of an in-medium jet

Not only the branching kernel gets moditied but also the prongs lose energy

e.g. opening angle of the hardest splitting as tagged by DyG
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Observable #1 - Zg-diStribution [Caucal, lancu, Soyez JHEP10 (2019) 273]
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Observable #1: zg-distribution

Njets-norm z, distribution - MIEs only
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Observable #2: Hg—diStri bUtion [Caucal, ASO, Takacs in preparation]
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Wrap-up

Analytic understanding of jet substructure observables to probe the different
regimes of radiation phase space both in vacuum and in the medium

In vacuum, jet substructure as tool to gauge the accuracy of parton showers
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Recent developments In jet quenching theory are paving the way to quantitative
theory-to-data comparisons



