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Energy Correlators
Energy-Energy-Correlator (EEC)
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Energy Correlators
Energy-Energy-Correlator (EEC)
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O Easy to implement and nature, “Jet w/o jet”

O Energy weight suppresses the soft
contamination

O Infrared-collinear safe, perturbatively
understandable

O Can be measured within jet, can use tracks

. to improve angular resolution tietal, pri 22



Energy Correlators
Energy-Correlators (ENC)

P
N

ENC = — Jdaz E1E2 (6,

O Can be generalized to multiple pt correlation, a Collider CMB

O Long/short wave physics <= smaller/larger angular separations
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Energy Correlators

Energy-Correlators (ENC) Z(n) = [ dr lim Ty(t iir)r?

0 F— 00
J/ / detector represented by
/\//,/4/ the light-ray operator

1 EE,.. E
ENC = ;Jdﬂz 1 ;N —~M({0,}) O A Dual description

O Measuring a “fundamental” quantity
in QFT
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Collider Phenomenology

Conformal collider physics:
Energy and charge correlations

Diego M. Hofman® and Juan Maldacena®

@ Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544, USA
bSchool of Natural Sciences, Institute for Advanced Study
Princeton, NJ 08540, USA
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Universal Scaling rule by conformal theory

Hofman, Maldecena, 2008
Derived using factorization for QCD by Dixon, Moult, Zhu, 2019



Collider Phenomenology

When Conformal meets Collider
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Confirmed by Collider experiments, across a large range of energies
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Collider Phenomenology

ALEPH e'e, Vs = 91.2 GeV, Work-in-progress ~ Yen-jie Lee, MITP talk 2024
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Collider Phenomenology

ALEPH e'e, Vs = 91.2 GeV, Work-in-progress ~ Yen-jie Lee, MITP talk 2024

The Full Spectrum and Properties 10g =
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Collider Phenomenology

ALEPH e'e, Vs = 91.2 GeV, Work-in-progress ~ Yen-jie Lee, MITP talk 2024

The Full Spectrum and Properties 10
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O Can be understood by
pQCD Dixon, et al., 2019
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Collider Phenomenology

CMS 36.3 b (13 TeV)
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Collider Phenomenology: a, extraction

Scaling behavior ENC « §~1+7(V+1)

r 1

y(N+ 1) =] dxx"P(x)dx Chenetal., 2020
Jo

O The ratio probes directly the
quantum effect

O Slope is directly related to a;
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Collider Phenomenology: a, extraction

Scaling behavior ENC « 6~ Iy (VD ous  Supplementary 36310 (13 TeV)
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Collider Phenomenology:
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Collider Phenomenology: a, extraction

Scaling behavior ENC « §~1+7(V+1)

r 1

y(N+ 1) =] dxx"P(x)dx Chenetal., 2020
Jo

O The ratio probes directly the
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Collider Phenomenology: a, extraction

a, extraction by the scaling behavior
Summary of as(MZ)

m = NLO v  NNLL A A A NNLO o LO
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JHEP 06:018 (2020) 7,8 W/Z cross sec. —— 5
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Collider Phenomenology: weighing tops

Top mass
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O one of the most important SM parameters. e.g.
electroweak vacuum stability, electroweak fits,
etc
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o

Mass Sensitivity

Better Theoretical Control .



Collider Phenomenology: weighing tops

Top mass scale in the E3C spectrum ;1,01 ¢ a1, 2023
Xiao et al,, 2024

Squeeze limit, Oy, ~

My
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. m,
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Pr

m, ~ MyA/ G,/ Gy
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Collider Phenomenology: weighing tops
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Collider Phenomenology: heavy quark hadronization

Quarkonium Physics
O regarded as an excellent place to study non-
pert phenomenon for a long time
O How cc — J/y!
O NRQCD: encoded in (Oy), (Og)

O remains largely unknown: amount of
energy released? Energy Distribution?
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Collider Phenomenology: heavy quark hadronization
Quarkonium Physics

Probing Quarkonium Production Mechanisms with Jet Substructure

Matthew Baumgart®,! Adam K. LeibovichP,?> Thomas Mehen®,? and Ira Z. Rothstein?!
! Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213

2 Pittsburgh Particle Physics Astrophysics and Cosmology Center (PITT PACC)
Department of Physics and Astronomy, Unwversity of Pittsburgh, Pittsburgh, PA 15260 — F /E
<= Lyp, 1Ly

3 Department of Physics, Duke University, Durham, NC 27708
(Dated: June 27, 2018)

Unlike light hadron fragmentation, D, _, ; (z)
dominated by perturbative radiation
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Collider Phenomenology: heavy quark hadronization

Qual‘konium Energy Correlator Chen, XL, Ma, PRL 2024, See An-Ping Chen’s talk
AN

J//w/ < o 5 -
bt cont, o)
1 El near away 2 M
2ac(l) & ;/wjdaf/‘/’ﬁé(% ~ ) O Perturbative radiations depleted in
the neighbor of J/y, due to the
~ average energy at the angle y boost and dead cone effects

O An ideal place to look for

hadronization energy
23



Collider Phenomenology: heavy quark hadronization

Quarkonium Energy Correlator Chen, XL, Ma, PRL 2024, See An-Ping Chen’s talk

10° (c) Set 3 G5 'SP+ 3pf% e Total _

E

1 .
> x — | do,,. —6(y — .
oec(Y) GWJ Uy ¥ —x)

~ average energy at the angle y Sizable hadronization effect!!

“See” the hadronization energy distribution
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Conclusions

Chen, Monni, Xu, Zhu, PRL 2024 Lee, et al., PRL 2024 XL, Zhu PRL 2023
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Liu, XL, Pan, Yuan, Zhu, PRL 2023

rp =3 x 1072, Q% = 25GeV?, /s = 105GeV .
: P R P e e A Different Angle on the Color Glass NEEC as a
S PROTON MV reBK GOLD MV reBK Condensate

E_---- PR() l ()‘\ (-TB\\ (1()LD (-TB\\ P.redicti’on.sind.ic‘atethat;newtypeofmeasurementatt e utureelectron—ioncollidercouldspotanelusip rO m l S I n g
. S PROTON Coll. CGOLD Coll. high-density regime of gluons called the color glass condensate.
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the gluon

saturation

XL, Vogelsang, Yuan, Zhu, 2410.16371

e Understanding the NP
transition in Energy

Correlator, and its possible
relation to the TMD.
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Conclusions

cms . 36.'3.&.)-.1 (13 TeV)

Scaling behavior —> a, extraction Can motivate
new pheno.
applications/

Revealing scales => top mass determination Qbservables

for TeV and
QCD/hadron

Extension = Heavy quark hadronization physics
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