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Jets probe a wide range of Q2
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Enerqgv-enerqy correlators (EECs
O What are EECs?
© Why do we study EECs?

O What do we learn from EECs?
— Six lessons from EECs



First proposed as event shape observable in 197/8!

Ener =ener COrre|atOrS PRL 41.1585 (1978)

Energy weighted two particle correlation inside jet
PQCD calculation available in perturbative region

— well defined probe Lee, Mecaj, Moult (arXiv:2205.03414)
EEC shows different scaling as a function of R

Large R —early splitting — perturbative regime
Small R —late splitting —non-perturbative
regime virtuality ~ prR;

Soft contribution (MPI, UE) power

A RL Lo= A 2 + A}/]IJZ suppressed by energy weight

® RL,34 RL,IZ


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1585
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Eneragv-enerqy correlators (E2C) at LHC and RHIC
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o STAR at RHIC also measured EEC for jets in pp collisions.
o Similar trend: Separation of perturbative & non-perturbative regimes.
o Data at large RL well-described by pQCD calculations.
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Eneragv-enerqy correlators (E2C) at LHC and RHIC
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o STAR at RHIC also measured EEC for jets in pp collisions.
o Similar trend: Separation of perturbative & non-perturbative regimes.
o Data at large RL well-described by pQCD calculations.
70 CMS at the LHC measured EECs at higher jet ptand higher 4/s.
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What do we learn about hadronization?
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Universal transition behavior
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Universal transition behavior o

Scaling angle RLbyjetpt ©
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Higher point enerqy correlator: EEEC E3C /EEC E2C
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Flavor dependence in the QCD shower

Gluon-initiated shower Quark-initiated shower

| Gluon-initiated showers are expected |
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| fragmentation profile than quark- |
* initiated showers
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Flavor dependence in the QCD shower

Gluon-initiated shower Quark-initiated shower Heavy-quark-initiated shower
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Gluon-initiated showers are expected 1

to have a broader and softer
| fragmentation profile than quark- |
* initiated showers ]
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A harder fragmentation is expected in low |
energy heavy-quark initiated showers due to |
the presence of a dead cone
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Heavy-flavor jet EECs
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Heavy-flavor jet EECs

o Small angle correlation suppressed for
heavy-quark initiated jet
(beauty < charm < light)

O Transition region shifted to larger R due
{0 mass

arXiv: 2210.09311
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Heavy-flavor jet EECs

o Small angle correlation suppressed for
heavy-quark initiated jet
(beauty < charm < light)

O Transition region shifted to larger R due
{0 mass

arXiv: 2210.09311
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Heavy-flavor jet EECs

o Small angle correlation suppressed for

heavy-quark initiated jet
(beauty < charm < light)

to mass

arXiv: 2210.09311
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Normalized EEC
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Exploring quark-gluon plasma with EECs

Participants

before collision after collision

30
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Exploring quark-gluon plasma with EECs

: Path length
L

before collision after collision

Partons traversing through QGP:

o How does parton loses energy?
© How does energy redistribution happen? A
O Role of parton color charge and mass? o sho e -
0 What’s the path-length dependence? —
o ... Early collinear - \
) ) parton shower
Then flnd OUt abOUt QGP: medlum Hadronization
properties, transport coefficient ... Medium-induced gluon cascade
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Exploring quark-gluon plasma with EECs

: Path length
L

B

QGP introduces new scale: §;

Splitting time: 7 ~ 1/p6*
Increasing time 0 ~ l/ﬁ
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Decreasing 0
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Explorlng guark-gulduon plasma with EECs
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Exploring quark-gluon plasma with EECs
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Exploring quark-gluon plasma with EECs

Impact of medium on jet:
Jet modified by the medium
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Exploring quark-gluon plasma with EECs

Impact of medium on jet: Impact of jet on medium:
Jet modified by the medium Hydrodynamic wake
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Different predictions for EECs in heavy-ion

o1 arXiv: 2312, 12527 (2023)
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Different predictions for EECs in heavy-io

10t arXiv: 2312, 12527 (2023)
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Different predictions for EECs Iin heavy-io

arXiv: 2312, 12527 (2023)
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Summary

o We have entered an exciting era in studying QCD with energy-energy
correlators.

49

1.
2.

3.

Showed clear separation of perturbative and non-perturbative regime.
Data showed reasonable agreement with MC. HERWIG better predicts the
peak RL of the distribution over PYTHIA.

Universal transition behavior: EEC distribution in different jet prt intervals
aligns around 2.4 GeV/c when angle R scaled by jet pr

Highest precision constraint on as using jet substructure.

EEC amplitude and peak position depend on the flavor of the parton
Initiating the shower.

In heavy-ion collisions, EECs help to understand the QGP and put
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Heavy quark production in pp collisions

Ghnoiin = PDF(x,, 0%) PDF(x,, 0%) ® 6,00 ® D,y (2, 07)

/ / \

Parton distribution functions  Partonic cross section ~ Fragmentation functions

(non perturbative) (perturbative) (non perturbative)
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