Exploring QCD with Jet Substructure Measurements

Workshop of the APS Topical Group on Hadronic Physics 2025
Dhanush Hangal

March 15, 2025

B Lawrence Livermore
National Laboratory



Why Jets?

. . . . . . clusterin arXiv:2303.13347
» Jets are rich objects whose formation involves rich QCD dynamics —gl
I declustering a

parton
splitting |
into two "+,
prongs V
—> !
jet
hadronization
Yeu. "
partons hadrons
« jet substructure >
< N < >
& R4 N >
’\"\OQ 0&{& & & x‘&%\ W
“b'\ ;}\QO ;\7\\/@ ‘Q,\'Z\ ......... ‘Q{Q ~O\>
S & B & >
Ry N L) N = o
Yang Ting Chien I I I I I I I
QM’19 =2
pT prR prr m orR M T Aqep

&5 Lawrence Livermore Topical Group on
National Laboratory Dhanush Hangal Hadronic Physics 2

GHP



Jet Substructure: Powerful tools in QCD
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Jet Substructure: Powerful tools in QCD

. . . . . . clustering arXiv:2303.13347
» Jets are rich objects whose formation involves rich QCD dynamics _I
I declustering a

* Jet Substructure first used to tag and differentiate boosted

. . parton
objects from QCD jets splitting
intotwo "+,
» Jet substructure has since been critical in analyzing and studying prongs
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Mapping the Evolution of a Jet

JHEP12(2018)064
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The (Primary) Lund Jet Plane

JHEP12(2018)064
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The Lund Jet Plane

Each given emission creates new phase space

e (a triangular leaf) for further emissions.
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The Lund Jet Plane

Unfolded measurements of the Primary Lund Jet plane in pp collisions

© CMS 138 fb™ (13 TeV)
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The Lund Jet Plane Projections

Unfolded measurements of the Primary Lund Jet plane in pp collisions

1CMS 138 fb" (13 TeV)
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Jets in Heavy-lon Collisions

Collide nuclei at the LHC and RHIC to produce droplets of

hot, dense quark-gluon plasma

Use jets as probes to study the properties of the QGP

%
I declustering a

arXiv:2303.13347

parton
splitting 3
into two "+,
prongs ¥
0 jet
QGP
partons hadrons
« jet substructure >
& \"i,\ Q : Q\\,
OC,Q'V &{&\\ X S {\s\\\’ (\?}
& J R F s & >
P o NN Q Q O
& X, X N S o
N S ¢ S
| | | I | | [ |
| | | I | 9 | |
pr prR prr m orR M T Aqep

<

Lawrence Livermore
National Laboratory

Dhanush Hangal

Topical Group on
Ps Ha%ronic Ph)?sics 10
GHP



Jets in Heavy-lon Collisions

e Collide nuclei at the LHC and RHIC to produce droplets of
hot, dense quark-gluon plasma

* Use jets as probes to study the properties of the QGP
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Jet Substructure in Heavy-lon Collisions

What does the multiscale evolution of jets look
like in presence of the QGP?

CMS 138 b (13 TeV)
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ATLAS : r, yield in pp

Increasing Jet Pr Phys. Rev. C 107 (2023) 054909

The ry distributions are observed to peak at lower — — >
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ATLAS : Rpp vs. 1

_ per-NN yields in PbPb
AAT yields in pp
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« The Raa value is observed to depend significantly on jet r

- Jets with largest r4 are twice as suppressed as those with the smallest ry in central Pb+Pb collisions
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ATLAS : Ry, vs. (rpand jet p;) Ry =D

yields in pp

The Raa values do not exhibit a strong variation with jet pr in any of the rg intervals  _ )
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ATLAS : Ry, Vs. (r,and jet p;)

_ per-NN yields in PbPb

AA yields in pp

The Raa is observed to have a clear ordering with respect to the splitting angle ry
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yields in pp

Look at formation time (1) to select jets with different degrees of quenching without biasing their initial pT

Formation time Soft-Drop condition

min(pr,1, Pr;2)
Zg = > Zcuz‘(Rg/ Rjet)ﬂ
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Jet Substructure : Long Journey Ahead
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Jet evolution in a hot and dense QCD medium is a multiscale problem and requires a comprehensive characterization

Need to better understand what we’re measuring with the novel observables and analysis methods in the field
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