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THE DAWN OF QCD: FROM PARTONS TO JETS
2

2-jet event 3-jet event
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= 3 GeV. The Stanford Linear Accelerator Lab-
oratory results of e+e -l+l +missing energy
can be explained as e', e' production followed by
decays to ev, , JU, v&, or their antiparticles. The
v, ' would be absolutely stable and escape detec-
tion. The decay of the v„' requires a mixing of
either v&' or p.' with lighter leptons.
The charmed quark c will decay preferably to

the p quark through the enhanced J'J'" interac-
tion. Leptonic decays of the cn can then account
for the dileptonic events seen at FNAL. The
heavy pseudoscalars A. 'n, c'c, etc. , will decay
via the enhanced O'J to other heavy mesons.
The P'n, , n,'n, etc. , decay via the weaker inter-
actions such as O'J', J Js or O'K', J'I . The mod-
el also in general predicts CP nonconservation
by virture of the fact that J', J' are CP even
while J is CP odd, so that terms linear in J'
do not conserve CP. This point will be discussed
in a longer paper under preparation.
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We have found evidence for jet structure in e+e hadrons at center-of-mass energies
of 6.2 and 7.4 GeV. At 7.4 GeV the jet-axis angular distribution integrated over azimuthal
angle was determined to be proportional to 1+(0.78+ 0.12)cos~o.

In quark-parton constituent models of elemen-
tary particles, hadron production in e e annihi-
lation reactions proceeds through the annihilation
of the e' and e into a virtual photon which sub-
sequently produces a quark-parton pair, each
member of which decays into hadrons. At suffi-
ciently high energy the limited transverse-mo-
mentum distribution of the hadrons with respect
to the original parton production direction, char-
acteristic of all strong interactions, results in
oppositely directed jets of hadrons. '~ The spins
of the constituents can, in principle, be deter-
mined from the angular distribution of the jets.

In this Letter we report the evidence for the ex-
istence of jets and the angular distribution of the
jet axis.
The data were taken with the Stanford Linear

Accelerator Center —Lawrence Berkeley Labora-
tory magnetic detector at the SPEAR storage ring
of the Stanford Linear Accelerator Center. Had-
ron production, muon pair production, and Bha-
bha scattering data were recorded simultaneous-
ly. The detector and the selection of events have
been described previously. " The detector sub-
tended 0.65 & 4 g sr with full acceptance in azi-
muthal angle and acceptance in polar angle from
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Jets unveiled the partonic nature of QCD, playing an important role in the confirmation of QCD as the 
theory of strong interactions!
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HIGH-MULTIPLICITY JETS AT COLLIDERS
• The effort to achieve precise predictions of jet cross sections has driven important theoretical 

developments in Quantum Field Theory

• Field of jet physics have always been intricately connected to the success of the collider physics 
program!
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at the LHC
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JET SUBSTRUCTURE: STUDYING ENERGY FLOW INSIDE JETS
• Beyond massless QCD jets, highly energetic colliders (the LHC and proposed future colliders) 

produce boosted H/W/Z bosons and top quarks whose multi-body decays appear as jets.
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• Since its introduction in 2008 by Butterworth, Davison, Rubin, and Salam for Higgs reconstruction, 
jet substructure has provided a novel way to probe the vast LHC jet data by analyzing energy patterns within jets.
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CMS `24

World-leading limits  
on BSM for light  Z′ 

• This has had a tremendous impact on carrying out new physics searches and the need to study 
energy flux in QCD.
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JET SUBSTRUCTURE: STUDYING ENERGY FLOW INSIDE JETS

• Therefore, important Standard Model and BSM questions are also encoded in the energy flow inside jets. 
This motivates a dedicated, precision theoretical program and tools to decode the energy flow inside jets.
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Much like cosmology, we infer 
microscopic (early time) physics  
from asymptotic (late time) energy flux

DECODING ASYMPTOTIC ENERGY FLUX IN COLLIDERS

We probe primordial perturbations by  
analyzing correlations in the CMB

From QFT point of view,  
what field theoretic observables  
describe this patterns of energy flux?
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DETECTORS IN QFT
From QFT point of view, what is a detector?
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From the perspective of QFT, jet substructure is the 
study of correlation functions of energy flow operators.

= energy correlators!
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Sterman `75

“Energy flow becomes the focus of computability”

ENERGY CORRELATORS

Basham, Brown, Ellis, Love, `78
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Stephen Ellis

Discussion of a perturbative computation of 1-point correlation

Calculations of two-point correlation  
to characterize collider events
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ENERGY CORRELATORS INSIDE JETS
9 /40
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MANY COLLIDER “COSMOLOGIES”

Many different collider experiments with correlations of energy flow

10
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•LHC measurements

•RHIC (ongoing)
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Pb-Pb
•HERA reanalyses (ongoing)

•EIC simulation studies
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EXCITING COLLIDER PHYSICS ERA

How can we harness energy correlators to continue making breakthroughs in collider frontier?

RHIC, 2000 - Present
sPHENIX: 2024-

LHC, 2008 - Present
Run 3 running!

11

EIC, 2030s-

+ More Future 
Colliders
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BRINGING IDEAS FROM FORMAL THEORY, PHENOMENOLOGY, 
AND EXPERIMENTALISTS

12

…This conference will bring together formal 
theorists, phenomenologists, and experimentalists 
to advance the use of energy flow observables 
across collider physics and formal quantum field 
theory.

Asymptotic Detectors are fundamental objects  
of Lorentzian Field Theories!
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I. Universal Scaling

What is the QFT perspective  
of  jet substructure?

Overview



II. Precision SM

Overview
I. Universal Scaling

Can we carry out precision 
study of  the Standard Model? 
(For example,  extraction)αs



Overview
I. Universal Scaling

II. Precision SM

Can we understand  
confinement mechanism?

III. Confinement  
Dynamics
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SCALING BEHAVIOR IN QFT
13

• Critical phenomena give us access to universal scaling behavior as Euclidean operators are brought 
together

<latexit sha1_base64="4ljoBjdvD6sGhyoHV8theuqKQmk="></latexit>

O(x)O(0) =
X

x�iciOi

Wilson `70

Euclidean Operator Product Expansion

• QFTs display universal scaling behaviors when operators approach one another
• Why is the study of jet substructure of interest in QFT?

What is the QFT perspective of  jet substructure? /40
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Hofman, Maldacena `08

Light-ray Operator Product Expansion

UNIVERSAL LORENTZIAN SCALING WITHIN JETS
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=) Profound field theory predictions within jets!
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• Jet substructure describes the limit where energy flow operators are brought 
together, thus probing the OPE limit of Lorentzian operators

• Light-ray Operator Product Expansion predicted universal scaling within jets within the context 
of conformal field theory

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?
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Hofman, Maldacena `08

Light-ray Operator Product Expansion

UNIVERSAL LORENTZIAN SCALING WITHIN JETS
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• Jet substructure describes the limit where energy flow operators are brought 
together, thus probing the OPE limit of Lorentzian operators

• Light-ray Operator Product Expansion predicted universal scaling within jets within the context 
of conformal field theory
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CAN THIS UNIVERSAL SCALING OF THE 
FIELD THEORY BE OBSERVED IN JETS???

What is the QFT perspective of  jet substructure? /40
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UNIVERSAL SCALING BEHAVIOR IN JETS!
• In QCD, we developed the proper framework to observe the universal scaling behavior within jets!
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hat cosmic history gave rise to primordial fluctuations?
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What is the QFT perspective of  jet substructure?
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SCALING FROM 15 GEV TO 2 TEV IN DATA!

• Universal scaling of QCD operators revealed in data from STAR, ALICE, and CMS, from 15 GeV to 1784 GeV!
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 < 1410 GeV/c
T

 = 13 TeV, 1101 < Full Jet psCMS Preliminary: 

 < 1784 GeV/c
T

 = 13 TeV, 1410 < Full Jet psCMS Preliminary: 
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Sc
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 < 20 GeV/c
T

 = 200 GeV, 15 < Full Jet psSTAR Preliminary: 

 < 30 GeV/c
T

 = 200 GeV 20 < Full Jet psSTAR Preliminary: 

 < 50 GeV/c
T

 = 200 GeV 30 < Full Jet psSTAR Preliminary: 

 < 40 GeV/c
T

 = 5.02 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 5.02 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 40 GeV/c
T

 = 13 TeV, 20 < Charged Jet psALICE Preliminary: 

 < 60 GeV/c
T

 = 13 TeV, 40 < Charged Jet psALICE Preliminary: 

 < 80 GeV/c
T

 = 13 TeV, 60 < Charged Jet psALICE Preliminary: 

 < 220 GeV/c
T

 = 13 TeV, 97 < Full Jet psCMS Preliminary: 

 < 330 GeV/c
T

 = 13 TeV, 220 < Full Jet psCMS Preliminary: 

 < 468 GeV/c
T

 = 13 TeV, 330 < Full Jet psCMS Preliminary: 

 < 638 GeV/c
T

 = 13 TeV, 468 < Full Jet psCMS Preliminary: 

 < 846 GeV/c
T

 = 13 TeV, 638 < Full Jet psCMS Preliminary: 

 < 1101 GeV/c
T

 = 13 TeV, 846 < Full Jet psCMS Preliminary: 

 < 1410 GeV/c
T

 = 13 TeV, 1101 < Full Jet psCMS Preliminary: 

 < 1784 GeV/c
T

 = 13 TeV, 1410 < Full Jet psCMS Preliminary: 

<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}
<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}
<latexit sha1_base64="gDED5wPjPc2w/nqcyf1Qc6x8bg8=">AAACInicbVDLSgMxFE3qq46vVpdugkVwVWZE1GXRjcsq9gHtUDKZTBuaZIYkI5ahf+BWv8CvcSeuBD/GTDsL23ogcDjnXu7JCRLOtHHdb1haW9/Y3CpvOzu7e/sHlephW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfJv7nSeqNIvlo5kk1Bd4KFnECDZWeuhPB5WaW3dnQKvEK0gNFGgOqtDphzFJBZWGcKx1z3MT42dYGUY4nTr9VNMEkzEe0p6lEguq/WwWdYpOrRKiKFb2SYNm6t+NDAutJyKwkwKbkV72cvFf73l+YEELdX5kUQvEUkITXfsZk0lqqCTzgFHKkYlR3hcKmaLE8IklmChm/4jICCtMjG3Vse15y12tkvZ53busX9xf1Bo3RY9lcAxOwBnwwBVogDvQBC1AQARewCt4g+/wA37Cr/loCRY7R2AB8OcXvGSkIA==</latexit>

}

<latexit sha1_base64="3886/0uEbdg5gb1Loy5B+cTai/E=">AAACTHicbZBLS8NAEMc39V1fVY9eFosggiURX8eqBz36ahVsKZvtxC7uJmF3Ii0h38FP41U/gXe/hzcR3LY52OrAwJ/fzDAzfz+WwqDrfjiFicmp6ZnZueL8wuLScmlltW6iRHOo8UhG+s5nBqQIoYYCJdzFGpjyJdz6j6f9+u0TaCOi8AZ7MTQVewhFIDhDi1ql7QZCF9Prm+MrGuhI0czbHyK6Q7N9N9dnUM9apbJbcQdB/wovF2WSx0VrxSk22hFPFITIJTPm3nNjbKZMo+ASsmIjMRAz/sge4N7KkCkwzXTwVEY3LWnTINI2Q6QD+nsiZcqYnvJtp2LYMeO1Pvy31h0uGGFt018yynw1diEGR81UhHGCEPLhgUEiKUa07yxtCw0cZc8KxrWwP1LeYZpxtP4XrXveuFd/RX234h1U9i73ytWT3MdZsk42yBbxyCGpknNyQWqEk2fyQl7Jm/PufDpfzvewteDkM2tkJArTP5FCstw=</latexit>

STAR from 15 - 50 GeV

<latexit sha1_base64="KlVVob2ENnYFwKBMcduDTC43UFA="></latexit>

ALICE from 20 - 80 GeV

<latexit sha1_base64="nW14Lxd9zoyaxInPh7BfQ8dDOfg="></latexit>

CMS from 97 - 1784 GeV
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<latexit sha1_base64="AdgBdfKpbkoNWNymuV+9Qn6IQNc="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓�(3)�2
Oi (n̂1)
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<latexit sha1_base64="evf0lvakWcGMhS4VbD+uEnk/aew="></latexit>

pT ✓



Kyle Lee

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="sRgx5rlGhP1kfgsblWG+Xo9dn14="></latexit>

h |E (~n1) · · · E (~nN )| i

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="0foBIzZt1t5mFJ2DMVaZg0T31dE="></latexit>

h |O[J](~n)| iLight-ray OPE

THE SPECTRUM OF A JET
• The light-ray OPE can be iteratively applied to N-point correlators, predicting their anomalous 

scaling behavior with N

<latexit sha1_base64="GRBGq/TIrsc5zjDDP1RrzeDddI8=">AAACKHicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxoWLCvYBbSiTyaQdOpOEmRuxhP6EW/0Cv8addOuXOGmzsK0HBg7n3Ms9c/xEcA2OM7NKG5tb2zvlXXtv/+DwqFI9bus4VZS1aCxi1fWJZoJHrAUcBOsmihHpC9bxx/e533lhSvM4eoZJwjxJhhEPOSVgpG4fRgzI4HFQqTl1Zw68TtyC1FCB5qBq2f0gpqlkEVBBtO65TgJeRhRwKtjU7qeaJYSOyZD1DI2IZNrL5oGn+NwoAQ5jZV4EeK7+3ciI1HoifTMpCYz0qpeL/3qviwNLWqDzI8uaL1cSQnjrZTxKUmARXQQMU4EhxnlrOOCKURATQwhV3PwR0xFRhILp1jbtuatdrZP2Zd29rl89XdUad0WPZXSKztAFctENaqAH1EQtRJFAb+gdfVif1pf1bc0WoyWr2DlBS7B+fgGWtKag</latexit>

✓L

classicalquantum

<latexit sha1_base64="SmEPfxb6J7UOQt+LRQG21Mju8Uc="></latexit>

E1 · · · EN ⇠ ✓�(N+1)�2
O

[N+1]
i

<latexit sha1_base64="N142x1XyBgs+mdur2+noq7UlalU="></latexit>

hE1E2 · · · EN i
hE1E2i

⇠
⌦
O

[N+1]
↵

⌦
O[3]

↵ ⇠ ✓�(N+1)��(3)
L

<latexit sha1_base64="uynxH3Y7IIsqLQrUzzJ1kJq8b58=">AAACPHicbVDLSgNBEJz1GeMr0ZteBoMQL2FXgnoMevEkEcwDsiH0zs4mQ2Z2h5lZMYSAX+NVv8D/8O5NvHp28jiYxIKGoqqb7q5AcqaN6344K6tr6xubma3s9s7u3n4uf1DXSaoIrZGEJ6oZgKacxbRmmOG0KRUFEXDaCPo3Y7/xSJVmSfxgBpK2BXRjFjECxkqd3JHfBSGgeHeGfakSaRLsA5c96OhOruCW3AnwMvFmpIBmqHbyTtYPE5IKGhvCQeuW50rTHoIyjHA6yvqpphJIH7q0ZWkMgur2cPLECJ9aJcRRomzFBk/UvxNDEFoPRGA7BZieXvTG4r/e03TBnBbq8ZJ5LRALF5roqj1ksUwNjcn0wCjl2EY0ThKHTFFi+MASIIrZHzHpgQJibN5Zm563mNUyqZ+XvItS+b5cqFzPcsygY3SCishDl6iCblEV1RBBz+gFvaI35935dL6c72nrijObOURzcH5+AR5Vrdo=</latexit>

�(N) / ↵s
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<latexit sha1_base64="tsnxF9z1S6fmHy2D42gsptver/c="></latexit>

✓L ⌘ Largest Angle
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STRONG COUPLING DETERMINATION
• How strong is the Strong Force? In comparison, EM coupling: 

<latexit sha1_base64="AsxUhIqOHCmyQdSJREwVS4kF1So="></latexit>

↵e = 0.0072973525693(11)

Quarks are never free, and thus it is very hard to measure their coupling

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

18

CMS `24

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

What is the QFT perspective of  jet substructure?

Energy Correlators in Jet
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CMS `24

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Quarks are never free and thus it is very hard to measure their coupling!

ROAD TO IMPROVED PRECISION

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

1.Measurements on Tracks 

2.Nonperturbative corrections 

3.Perturbative corrections

Road to precision

What is the QFT perspective of  jet substructure? 18/40
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CMS `24

CMS collaboration carried out most precise determination  
of the strong coupling constant for jet substructure

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>
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Quarks are never free and thus it is very hard to measure their coupling!

ROAD TO IMPROVED PRECISION

Energy Correlators in Jet
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1.Measurements on Tracks 

2.Power corrections 

3.Improved perturbative accuracy

Road to precision

What is the QFT perspective of  jet substructure?

Quarks are never free and thus it is very hard to measure their coupling!

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Road to precision

1. 

2.Nonperturbative corrections 

3.Perturbative corrections

1.Measurements on Tracks
Backup slides

Backup slides
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MEASURING TRACKS
Can we carry out precision study of  the Standard Model? 19
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Tracks

Modern detectors have 
 state-of-the-art  

tracking systems!

• Measuring tracks (i.e. EM charged particles) provides much more precise experimental results
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Track Energy Flow Operator
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• Depend on quantum numbers of final state hadrons other than energy
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=) not computable purely from perturbation theory

ALEPH reanalyses`25
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MEASURING TRACKS
Can we carry out precision study of  the Standard Model? 19

Modern detectors have 
 state-of-the-art  

tracking systems!

• Measuring tracks (i.e. EM charged particles) provides much more precise experimental results

Track Energy Flow Operator
<latexit sha1_base64="Tof15e2c+XeuxwFus4JKUFq94yo="></latexit>

Etr(n̂)|Xi =
X

h2{+,�}

Eh�
(2) (⌦~ph � ⌦n̂) |Xi

We need QCD factorization :  
separate calculable perturbative from universal nonperturbative dynamics

/40
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Tracks
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ALEPH reanalyses`25
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TRACK FUNCTIONS
• Track functions are non-perturbative functions describing the momentum fraction of initial parton 

converted to tracks (charged hadrons).
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Tq(x) Track Functions

• Track function formalism provides the essential matching between partonic and hadronic detectors

Can we carry out precision study of  the Standard Model?

ATLAS `25
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ENERGY CORRELATORS ON TRACK
• Track functions are non-perturbative functions describing the momentum fraction of initial parton 

converted to tracks (charged hadrons).
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Tq(x) Track Functions

Can we carry out precision study of  the Standard Model?

Predictions for Track Energy Correlators

• We can use such track-level theoretical predictions to exploit precision track-level 
experimental measurements!
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ENERGY CORRELATORS ON TRACK
• Track functions are non-perturbative functions describing the momentum fraction of initial parton 

converted to tracks (charged hadrons).

<latexit sha1_base64="pOElhplRAwWeeoADLRgBT84NK4w="></latexit>

pµtr = x pµ
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}
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Tq(x) Track Functions

Can we carry out precision study of  the Standard Model?

KL, Moult, Ringer, Waalewijn `23
KL, Moult `23

Predictions for Track Energy Correlators

KL, Li, Moult, Waalewijn [In Progress]

• We can use such track-level theoretical predictions to exploit precision track-level 
experimental measurements!

Quarks are never free and thus it is very hard to measure their coupling!

Energy Correlators in Jet
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Road to precision
1. 

2.Nonperturbative corrections 

3.Perturbative corrections

1.Measurements on Tracks
Backup slides

Backup slides
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ENERGY CORRELATORS ON TRACK
• Track functions are non-perturbative functions describing the momentum fraction of initial parton 

converted to tracks (charged hadrons).
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Tq(x) Track Functions

Can we carry out precision study of  the Standard Model?

KL, Moult, Ringer, Waalewijn `23
KL, Moult `23

Predictions for Track Energy Correlators

KL, Li, Moult, Waalewijn [In Progress]

• We can use such track-level theoretical predictions to exploit precision track-level 
experimental measurements!

Will bring unprecedented precision calculation of jet substructure
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confinement mechanism?
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QUARK GLUON SCALING AND HADRONIZATIONQUARK GLUON SCALING AND HADRONIZATION
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Region

Free hadrons
<latexit sha1_base64="aYoWi9e9aLs38xLhERu+jyB7TgA="></latexit>

hE (~n1) E (~n2) · · · E (~nN )i ⇡ hEiN =

✓
Q

⌦d

◆N

describes collinear splittings of 
quarks and gluons

• Energy correlators allow the hadronization process to be directly imaged inside high energy 
jets: transition from interacting quarks and gluons to free hadrons is clearly visible!

EEC gives angular scale
<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij
<latexit sha1_base64="sq0E1+clFmTX3Uq2K3KXseb5iDk="></latexit>

⇤QCD,mQ, · · ·<latexit sha1_base64="a73+GXS3d7Lq40cfSqP8Jq3KbXc=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvUa98XRTa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/uQ6bU</latexit>

=)Sensitivity to  
scales of QCD

<latexit sha1_base64="gZe4ISrB6JzGZPxrBf0Z9Dqd4Sw="></latexit>

✓ ⇠ ⇤QCD

pT

Can we understand confinement mechanism? 22/40

KL, Meçaj, Moult `22
Komiske, Moult, Thaler, Zhu `22



Kyle Lee

QUARK GLUON SCALING AND HADRONIZATIONQUARK GLUON SCALING AND HADRONIZATION

OPE region
<latexit sha1_base64="AdgBdfKpbkoNWNymuV+9Qn6IQNc="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓�(3)�2
Oi (n̂1)
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<latexit sha1_base64="aYoWi9e9aLs38xLhERu+jyB7TgA="></latexit>

hE (~n1) E (~n2) · · · E (~nN )i ⇡ hEiN =

✓
Q

⌦d

◆N

describes collinear splittings of 
quarks and gluons

• Energy correlators allow the hadronization process to be directly imaged inside high energy 
jets: transition from interacting quarks and gluons to free hadrons is clearly visible!

Weakly-coupled  
Conformal Gauge Theory

Can we understand confinement mechanism? 22

EEC gives angular scale
<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij
<latexit sha1_base64="sq0E1+clFmTX3Uq2K3KXseb5iDk="></latexit>

⇤QCD,mQ, · · ·<latexit sha1_base64="a73+GXS3d7Lq40cfSqP8Jq3KbXc=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvUa98XRTa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/uQ6bU</latexit>

=)Sensitivity to  
scales of QCD

/40

KL, Meçaj, Moult `22
Komiske, Moult, Thaler, Zhu `22



Kyle Lee

<latexit sha1_base64="gArBYaqlr6PCW14oX8kEJrcT0VI=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIytRB9SGyrHcVqrdhLZDqJE/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fNyIM6Ut6wMWNja3tneKu6W9/YPDo3LluKvCWBLaISEPZd/FinIW0I5mmtN+JCkWLqc9d3qb6r1HKhULg3s9i6gj8DhgPiNYp9Rz+6E+KletmrUotA7sDFRBVq1RBaKhF5JY0EATjpUa2FaknQRLzQin89IwVjTCZIrHdGBggAVVTrIwO0fnhvGQH0pzAo0W7N+JBAulZsI1nQLriVrVUvJf7Wm5IMd5Kl2S51yRv6cvSeWrFd/av3YSFkSxpgFZ2vZjjnSI0hyRxyQlms8MwEQy83NEJlhiok3aJZOpvZrgOujWa3aj1mhfVps3WbpFcArOwAWwwRVogjvQAh1AwAS8gFfwBt/hJ/yC38vWAsxmTkCu4M8vmYSuGw==</latexit>

zQ2

<latexit sha1_base64="tStgSIrDeZhDOXbtn3mN4l+SSdA=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRakelx6MXjBu4D1jrSNN3CkrYkqThLf4xX/TGe/SHeREy3HuzmC4Enz/v15IkbMSqVaX4apY3Nre1yZae6u7d/cFirH/VlGAtMejhkoRi6SBJGA9JTVDEyjARB3GVk4M7usvzgiQhJw+BBzSPicDQJqE8xUpoa105sXyCceLakE47SxHvpPl6m41rDbJqLgOvAykED5NEZ1w1oeyGOOQkUZkjKkWVGykmQUBQzklbtWJII4RmakJGGAeJEOslCfwrPNeNBPxT6BAou2L8dCeJSzrmrKzlSU7may8h/c8/LBQXOk9mSIufy4j2bJKQvV3Qr/8ZJaBDFigR4KduPGVQhzKyFHhUEKzbXAGFB9cshniJtr9IfUNWeWqsOroP+ZdNqNVvdq0b7Nne3Ak7BGbgAFrgGbXAPOqAHMEjAK3gD78aH8WV8Gz/L0pKR9xyDQpTKv+JctRQ=</latexit>

d�

dzQ2

<latexit sha1_base64="vQoY/88beu8ppy6WGKxD16RK/QQ=">AAACO3icbVC7TsMwFHV4lvJqYWSxqJCYqgShwoJUwcLYSqStaKPKcZzWqu1EtoOoon4DK3wMH8LMhljZcdoMpOVKlo7Pudf3+Pgxo0rb9oe1tr6xubVd2inv7u0fHFaqRx0VJRITF0cskj0fKcKoIK6mmpFeLAniPiNdf3KX6d0nIhWNxIOexsTjaCRoSDHShnLbN3z4OKzU7Lo9L7gKnBzUQF6tYdWCgyDCCSdCY4aU6jt2rL0USU0xI7PyIFEkRniCRqRvoECcKC+du53BM8MEMIykOULDOft3IkVcqSn3TSdHeqyWtYz8V3teLChwgcqWFDmfF+/ZS1KFasm3Dq+9lIo40UTghe0wYVBHMAsSBlQSrNnUAIQlNT+HeIwkwtrEXTaZOssJroLORd1p1Bvty1rzNk+3BE7AKTgHDrgCTXAPWsAFGFDwAl7Bm/VufVpf1veidc3KZ45BoayfX2Htrn4=</latexit>

Q = mZ
<latexit sha1_base64="KCt4Uv77XgKdpl2pmMhbY9R8VBs=">AAACRHicbVDLTgIxFG3xhfgCXbppJCauyIwadGNCdKFLSOSRwEg6nQ40tDOTtmMkE/wOt/ox/oP/4M64NXaAhQPepMnpOff2nh434kxpy/qAuZXVtfWN/GZha3tnd69Y2m+pMJaENknIQ9lxsaKcBbSpmea0E0mKhctp2x3dpHr7kUrFwuBejyPqCDwImM8I1oZ6aFydWdZzT4rklrYm/WLZqljTQsvAnoMymFe9X4Ko54UkFjTQhGOlurYVaSfBUjPC6aTQixWNMBnhAe0aGGBBlZNMbU/QsWE85IfSnECjKft3IsFCqbFwTafAeqgWtZT8V3uaLchwnkqXZDlXZO/pS1L5asG39i+dhAVRrGlAZrb9mCMdojRR5DFJieZjAzCRzPwckSGWmGiTe8Fkai8muAxapxW7Wqk2zsu163m6eXAIjsAJsMEFqIE7UAdNQIAEL+AVvMF3+Am/4PesNQfnMwcgU/DnF325sfg=</latexit>

Q = 300 GeV
<latexit sha1_base64="tdTjDYzr3KUwPnUKVsOx2BNnDHk=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzIjUt0IRRe6bME+oB1KJpNpQ5PMkGTEMtQfcasf4yf4Fe7EpZl2Fk7rhcDJOffmnhwvYlRp2/60ChubW9s7xd3S3v7BYblSPeqqMJaYdHDIQtn3kCKMCtLRVDPSjyRB3GOk503vUr33RKSioXjUs4i4HI0FDShG2lCjSrl949i2/TKUPLkn3fmoUrPr9qLgOnAyUANZtUZVCw79EMecCI0ZUmrg2JF2EyQ1xYzMS8NYkQjhKRqTgYECcaLcZOF8Ds8M48MglOYIDRfs34kEcaVm3DOdHOmJWtVS8l/tebkgx/kqXZLnPJ6/py9JFagV3zq4dhMqolgTgZe2g5hBHcI0VOhTSbBmMwMQltT8HOIJkghrE33JZOqsJrgOuhd1p1FvtC9rzdss3SI4AafgHDjgCjTBA2iBDsAgBq/gDbxbH9aX9W39LFsLVjZzDHJVsH4BegCxYg==</latexit>

Q = 1000 GeV
<latexit sha1_base64="EwUv1WFsm5kK6LUmy9ySxQ04RIA=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzKjUt0IRRe6bME+oB1KJpNpg0lmSDJiGeqPuNWP8RP8Cnfi0kw7C6f1QuDknHtzT44XMaq0bX9ahbX1jc2t4nZpZ3dvv1ypHnRVGEtMOjhkoex7SBFGBeloqhnpR5Ig7jHS8x5vU733RKSioXjQ04i4HI0FDShG2lCjSrl9fW7b9stQ8uSOdGejSs2u2/OCq8DJQA1k1RpVLTj0QxxzIjRmSKmBY0faTZDUFDMyKw1jRSKEH9GYDAwUiBPlJnPnM3hiGB8GoTRHaDhn/04kiCs15Z7p5EhP1LKWkv9qz4sFOc5X6ZI85/H8PX1JqkAt+dbBlZtQEcWaCLywHcQM6hCmoUKfSoI1mxqAsKTm5xBPkERYm+hLJlNnOcFV0D2rO416o31Ra95k6RbBETgGp8ABl6AJ7kELdAAGMXgFb+Dd+rC+rG/rZ9FasLKZQ5CrgvULfb6xZA==</latexit>

Q = 3000 GeV

<latexit sha1_base64="Q5Rf9hg5lDt0aOBn+AMfNaOFXHo=">AAACUHicbVFNSwMxEJ2t3/Wr6kXwEiyCXsquiHoUvXhUsCrYUrLZWRvMZpdkVixL/TVe9cd4859402xbwVYHQl7eTPJmXsJMSUu+/+FVpqZnZufmF6qLS8srq7W19Wub5kZgU6QqNbcht6ikxiZJUnibGeRJqPAmfDgr8zePaKxM9RX1Mmwn/F7LWApOjurUNluET1Tsplr1WMRtFyMWS9rrd2p1v+EPgv0FwQjUYRQXnTWPtaJU5AlqEopbexf4GbULbkgKhf1qK7eYcfHA7/HOQc0TtO1iMEKf7TjGKafGLU1swP6+UfDE2l4SusqEU9dO5kry39zTUGCMi2wpMs6Fyfi5fMnY2E70TfFxu5A6ywm1GLYd54pRykp3WSQNCiqtlFwY6SZnossNF+T+oOo8DSYd/Auu9xvBYePw8qB+cjpydx62YBt2IYAjOIFzuIAmCHiGF3iFN+/d+/S+Kt6w9GeHDRiLSvUbbBq00w==</latexit>

(only dashed fit)

<latexit sha1_base64="gArBYaqlr6PCW14oX8kEJrcT0VI=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIytRB9SGyrHcVqrdhLZDqJE/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fNyIM6Ut6wMWNja3tneKu6W9/YPDo3LluKvCWBLaISEPZd/FinIW0I5mmtN+JCkWLqc9d3qb6r1HKhULg3s9i6gj8DhgPiNYp9Rz+6E+KletmrUotA7sDFRBVq1RBaKhF5JY0EATjpUa2FaknQRLzQin89IwVjTCZIrHdGBggAVVTrIwO0fnhvGQH0pzAo0W7N+JBAulZsI1nQLriVrVUvJf7Wm5IMd5Kl2S51yRv6cvSeWrFd/av3YSFkSxpgFZ2vZjjnSI0hyRxyQlms8MwEQy83NEJlhiok3aJZOpvZrgOujWa3aj1mhfVps3WbpFcArOwAWwwRVogjvQAh1AwAS8gFfwBt/hJ/yC38vWAsxmTkCu4M8vmYSuGw==</latexit>

zQ2

<latexit sha1_base64="tStgSIrDeZhDOXbtn3mN4l+SSdA=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRakelx6MXjBu4D1jrSNN3CkrYkqThLf4xX/TGe/SHeREy3HuzmC4Enz/v15IkbMSqVaX4apY3Nre1yZae6u7d/cFirH/VlGAtMejhkoRi6SBJGA9JTVDEyjARB3GVk4M7usvzgiQhJw+BBzSPicDQJqE8xUpoa105sXyCceLakE47SxHvpPl6m41rDbJqLgOvAykED5NEZ1w1oeyGOOQkUZkjKkWVGykmQUBQzklbtWJII4RmakJGGAeJEOslCfwrPNeNBPxT6BAou2L8dCeJSzrmrKzlSU7may8h/c8/LBQXOk9mSIufy4j2bJKQvV3Qr/8ZJaBDFigR4KduPGVQhzKyFHhUEKzbXAGFB9cshniJtr9IfUNWeWqsOroP+ZdNqNVvdq0b7Nne3Ak7BGbgAFrgGbXAPOqAHMEjAK3gD78aH8WV8Gz/L0pKR9xyDQpTKv+JctRQ=</latexit>

d�

dzQ2

<latexit sha1_base64="vQoY/88beu8ppy6WGKxD16RK/QQ=">AAACO3icbVC7TsMwFHV4lvJqYWSxqJCYqgShwoJUwcLYSqStaKPKcZzWqu1EtoOoon4DK3wMH8LMhljZcdoMpOVKlo7Pudf3+Pgxo0rb9oe1tr6xubVd2inv7u0fHFaqRx0VJRITF0cskj0fKcKoIK6mmpFeLAniPiNdf3KX6d0nIhWNxIOexsTjaCRoSDHShnLbN3z4OKzU7Lo9L7gKnBzUQF6tYdWCgyDCCSdCY4aU6jt2rL0USU0xI7PyIFEkRniCRqRvoECcKC+du53BM8MEMIykOULDOft3IkVcqSn3TSdHeqyWtYz8V3teLChwgcqWFDmfF+/ZS1KFasm3Dq+9lIo40UTghe0wYVBHMAsSBlQSrNnUAIQlNT+HeIwkwtrEXTaZOssJroLORd1p1Bvty1rzNk+3BE7AKTgHDrgCTXAPWsAFGFDwAl7Bm/VufVpf1veidc3KZ45BoayfX2Htrn4=</latexit>

Q = mZ
<latexit sha1_base64="KCt4Uv77XgKdpl2pmMhbY9R8VBs=">AAACRHicbVDLTgIxFG3xhfgCXbppJCauyIwadGNCdKFLSOSRwEg6nQ40tDOTtmMkE/wOt/ox/oP/4M64NXaAhQPepMnpOff2nh434kxpy/qAuZXVtfWN/GZha3tnd69Y2m+pMJaENknIQ9lxsaKcBbSpmea0E0mKhctp2x3dpHr7kUrFwuBejyPqCDwImM8I1oZ6aFydWdZzT4rklrYm/WLZqljTQsvAnoMymFe9X4Ko54UkFjTQhGOlurYVaSfBUjPC6aTQixWNMBnhAe0aGGBBlZNMbU/QsWE85IfSnECjKft3IsFCqbFwTafAeqgWtZT8V3uaLchwnkqXZDlXZO/pS1L5asG39i+dhAVRrGlAZrb9mCMdojRR5DFJieZjAzCRzPwckSGWmGiTe8Fkai8muAxapxW7Wqk2zsu163m6eXAIjsAJsMEFqIE7UAdNQIAEL+AVvMF3+Am/4PesNQfnMwcgU/DnF325sfg=</latexit>

Q = 300 GeV
<latexit sha1_base64="tdTjDYzr3KUwPnUKVsOx2BNnDHk=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzIjUt0IRRe6bME+oB1KJpNpQ5PMkGTEMtQfcasf4yf4Fe7EpZl2Fk7rhcDJOffmnhwvYlRp2/60ChubW9s7xd3S3v7BYblSPeqqMJaYdHDIQtn3kCKMCtLRVDPSjyRB3GOk503vUr33RKSioXjUs4i4HI0FDShG2lCjSrl949i2/TKUPLkn3fmoUrPr9qLgOnAyUANZtUZVCw79EMecCI0ZUmrg2JF2EyQ1xYzMS8NYkQjhKRqTgYECcaLcZOF8Ds8M48MglOYIDRfs34kEcaVm3DOdHOmJWtVS8l/tebkgx/kqXZLnPJ6/py9JFagV3zq4dhMqolgTgZe2g5hBHcI0VOhTSbBmMwMQltT8HOIJkghrE33JZOqsJrgOuhd1p1FvtC9rzdss3SI4AafgHDjgCjTBA2iBDsAgBq/gDbxbH9aX9W39LFsLVjZzDHJVsH4BegCxYg==</latexit>

Q = 1000 GeV
<latexit sha1_base64="EwUv1WFsm5kK6LUmy9ySxQ04RIA=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzKjUt0IRRe6bME+oB1KJpNpg0lmSDJiGeqPuNWP8RP8Cnfi0kw7C6f1QuDknHtzT44XMaq0bX9ahbX1jc2t4nZpZ3dvv1ypHnRVGEtMOjhkoex7SBFGBeloqhnpR5Ig7jHS8x5vU733RKSioXjQ04i4HI0FDShG2lCjSrl9fW7b9stQ8uSOdGejSs2u2/OCq8DJQA1k1RpVLTj0QxxzIjRmSKmBY0faTZDUFDMyKw1jRSKEH9GYDAwUiBPlJnPnM3hiGB8GoTRHaDhn/04kiCs15Z7p5EhP1LKWkv9qz4sFOc5X6ZI85/H8PX1JqkAt+dbBlZtQEcWaCLywHcQM6hCmoUKfSoI1mxqAsKTm5xBPkERYm+hLJlNnOcFV0D2rO416o31Ra95k6RbBETgGp8ABl6AJ7kELdAAGMXgFb+Dd+rC+rG/rZ9FasLKZQ5CrgvULfb6xZA==</latexit>

Q = 3000 GeV

<latexit sha1_base64="jQoEQzc4yCTYNSgtUn0QiCxVGnE="></latexit>

Using EEC jet function

at NLL accuracy

<latexit sha1_base64="wpT8+rqjqZl/W6vOlcDh1bbqLeU="></latexit>

Using dihadron EEC jet

at LL accuracy

<latexit sha1_base64="gArBYaqlr6PCW14oX8kEJrcT0VI=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIytRB9SGyrHcVqrdhLZDqJE/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fNyIM6Ut6wMWNja3tneKu6W9/YPDo3LluKvCWBLaISEPZd/FinIW0I5mmtN+JCkWLqc9d3qb6r1HKhULg3s9i6gj8DhgPiNYp9Rz+6E+KletmrUotA7sDFRBVq1RBaKhF5JY0EATjpUa2FaknQRLzQin89IwVjTCZIrHdGBggAVVTrIwO0fnhvGQH0pzAo0W7N+JBAulZsI1nQLriVrVUvJf7Wm5IMd5Kl2S51yRv6cvSeWrFd/av3YSFkSxpgFZ2vZjjnSI0hyRxyQlms8MwEQy83NEJlhiok3aJZOpvZrgOujWa3aj1mhfVps3WbpFcArOwAWwwRVogjvQAh1AwAS8gFfwBt/hJ/yC38vWAsxmTkCu4M8vmYSuGw==</latexit>

zQ2

<latexit sha1_base64="tStgSIrDeZhDOXbtn3mN4l+SSdA=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRakelx6MXjBu4D1jrSNN3CkrYkqThLf4xX/TGe/SHeREy3HuzmC4Enz/v15IkbMSqVaX4apY3Nre1yZae6u7d/cFirH/VlGAtMejhkoRi6SBJGA9JTVDEyjARB3GVk4M7usvzgiQhJw+BBzSPicDQJqE8xUpoa105sXyCceLakE47SxHvpPl6m41rDbJqLgOvAykED5NEZ1w1oeyGOOQkUZkjKkWVGykmQUBQzklbtWJII4RmakJGGAeJEOslCfwrPNeNBPxT6BAou2L8dCeJSzrmrKzlSU7may8h/c8/LBQXOk9mSIufy4j2bJKQvV3Qr/8ZJaBDFigR4KduPGVQhzKyFHhUEKzbXAGFB9cshniJtr9IfUNWeWqsOroP+ZdNqNVvdq0b7Nne3Ak7BGbgAFrgGbXAPOqAHMEjAK3gD78aH8WV8Gz/L0pKR9xyDQpTKv+JctRQ=</latexit>

d�

dzQ2

<latexit sha1_base64="vQoY/88beu8ppy6WGKxD16RK/QQ=">AAACO3icbVC7TsMwFHV4lvJqYWSxqJCYqgShwoJUwcLYSqStaKPKcZzWqu1EtoOoon4DK3wMH8LMhljZcdoMpOVKlo7Pudf3+Pgxo0rb9oe1tr6xubVd2inv7u0fHFaqRx0VJRITF0cskj0fKcKoIK6mmpFeLAniPiNdf3KX6d0nIhWNxIOexsTjaCRoSDHShnLbN3z4OKzU7Lo9L7gKnBzUQF6tYdWCgyDCCSdCY4aU6jt2rL0USU0xI7PyIFEkRniCRqRvoECcKC+du53BM8MEMIykOULDOft3IkVcqSn3TSdHeqyWtYz8V3teLChwgcqWFDmfF+/ZS1KFasm3Dq+9lIo40UTghe0wYVBHMAsSBlQSrNnUAIQlNT+HeIwkwtrEXTaZOssJroLORd1p1Bvty1rzNk+3BE7AKTgHDrgCTXAPWsAFGFDwAl7Bm/VufVpf1veidc3KZ45BoayfX2Htrn4=</latexit>

Q = mZ
<latexit sha1_base64="KCt4Uv77XgKdpl2pmMhbY9R8VBs=">AAACRHicbVDLTgIxFG3xhfgCXbppJCauyIwadGNCdKFLSOSRwEg6nQ40tDOTtmMkE/wOt/ox/oP/4M64NXaAhQPepMnpOff2nh434kxpy/qAuZXVtfWN/GZha3tnd69Y2m+pMJaENknIQ9lxsaKcBbSpmea0E0mKhctp2x3dpHr7kUrFwuBejyPqCDwImM8I1oZ6aFydWdZzT4rklrYm/WLZqljTQsvAnoMymFe9X4Ko54UkFjTQhGOlurYVaSfBUjPC6aTQixWNMBnhAe0aGGBBlZNMbU/QsWE85IfSnECjKft3IsFCqbFwTafAeqgWtZT8V3uaLchwnkqXZDlXZO/pS1L5asG39i+dhAVRrGlAZrb9mCMdojRR5DFJieZjAzCRzPwckSGWmGiTe8Fkai8muAxapxW7Wqk2zsu163m6eXAIjsAJsMEFqIE7UAdNQIAEL+AVvMF3+Am/4PesNQfnMwcgU/DnF325sfg=</latexit>

Q = 300 GeV
<latexit sha1_base64="tdTjDYzr3KUwPnUKVsOx2BNnDHk=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzIjUt0IRRe6bME+oB1KJpNpQ5PMkGTEMtQfcasf4yf4Fe7EpZl2Fk7rhcDJOffmnhwvYlRp2/60ChubW9s7xd3S3v7BYblSPeqqMJaYdHDIQtn3kCKMCtLRVDPSjyRB3GOk503vUr33RKSioXjUs4i4HI0FDShG2lCjSrl949i2/TKUPLkn3fmoUrPr9qLgOnAyUANZtUZVCw79EMecCI0ZUmrg2JF2EyQ1xYzMS8NYkQjhKRqTgYECcaLcZOF8Ds8M48MglOYIDRfs34kEcaVm3DOdHOmJWtVS8l/tebkgx/kqXZLnPJ6/py9JFagV3zq4dhMqolgTgZe2g5hBHcI0VOhTSbBmMwMQltT8HOIJkghrE33JZOqsJrgOuhd1p1FvtC9rzdss3SI4AafgHDjgCjTBA2iBDsAgBq/gDbxbH9aX9W39LFsLVjZzDHJVsH4BegCxYg==</latexit>

Q = 1000 GeV
<latexit sha1_base64="EwUv1WFsm5kK6LUmy9ySxQ04RIA=">AAACR3icbVDLSgMxFM3UV62Ptrp0EyyCqzKjUt0IRRe6bME+oB1KJpNpg0lmSDJiGeqPuNWP8RP8Cnfi0kw7C6f1QuDknHtzT44XMaq0bX9ahbX1jc2t4nZpZ3dvv1ypHnRVGEtMOjhkoex7SBFGBeloqhnpR5Ig7jHS8x5vU733RKSioXjQ04i4HI0FDShG2lCjSrl9fW7b9stQ8uSOdGejSs2u2/OCq8DJQA1k1RpVLTj0QxxzIjRmSKmBY0faTZDUFDMyKw1jRSKEH9GYDAwUiBPlJnPnM3hiGB8GoTRHaDhn/04kiCs15Z7p5EhP1LKWkv9qz4sFOc5X6ZI85/H8PX1JqkAt+dbBlZtQEcWaCLywHcQM6hCmoUKfSoI1mxqAsKTm5xBPkERYm+hLJlNnOcFV0D2rO416o31Ra95k6RbBETgGp8ABl6AJ7kELdAAGMXgFb+Dd+rC+rG/rZ9FasLKZQ5CrgvULfb6xZA==</latexit>

Q = 3000 GeV

<latexit sha1_base64="Q5Rf9hg5lDt0aOBn+AMfNaOFXHo=">AAACUHicbVFNSwMxEJ2t3/Wr6kXwEiyCXsquiHoUvXhUsCrYUrLZWRvMZpdkVixL/TVe9cd4859402xbwVYHQl7eTPJmXsJMSUu+/+FVpqZnZufmF6qLS8srq7W19Wub5kZgU6QqNbcht6ikxiZJUnibGeRJqPAmfDgr8zePaKxM9RX1Mmwn/F7LWApOjurUNluET1Tsplr1WMRtFyMWS9rrd2p1v+EPgv0FwQjUYRQXnTWPtaJU5AlqEopbexf4GbULbkgKhf1qK7eYcfHA7/HOQc0TtO1iMEKf7TjGKafGLU1swP6+UfDE2l4SusqEU9dO5kry39zTUGCMi2wpMs6Fyfi5fMnY2E70TfFxu5A6ywm1GLYd54pRykp3WSQNCiqtlFwY6SZnossNF+T+oOo8DSYd/Auu9xvBYePw8qB+cjpydx62YBt2IYAjOIFzuIAmCHiGF3iFN+/d+/S+Kt6w9GeHDRiLSvUbbBq00w==</latexit>

(only dashed fit)

<latexit sha1_base64="o3Qd7JrGZ+/ZMiVlHtrQjBLE0Kc="></latexit>

Using dihadron EEC jet

at NLL accuracy

<latexit sha1_base64="gAGYMyOTjioeoKVnTqDlP8iwUrw="></latexit>

only dashed fit)

QUARK GLUON SCALING AND HADRONIZATIONQUARK GLUON SCALING AND HADRONIZATION
• Energy correlators allow the hadronization process to be directly imaged inside high energy 

jets: transition from interacting quarks and gluons to free hadrons is clearly visible!

Dihadron fragmentation functions 

<latexit sha1_base64="6mlBN5N3G8geKLn92P3twzBMy3Y="></latexit>

Q✓

<latexit sha1_base64="LkDFtg5djMiC/YWsu26LSHlRsJ8="></latexit>

1

�

d�

dQ✓

OPE region
Free 

Hadrons
Transition 

Region

give universal behaviors that describe the transition behavior

Can we understand confinement mechanism? 23/40

KL, Stewart `25 
 Chang, Chen, Liu, Simmons-Duffin, Yuan, Zhu `25



Kyle Lee

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10
�
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

E n
R

1 (~n
1)

<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

E m
R

2 (~n
2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

E k
R

3 (~n
3)

Primordial fluctuations

What cosmic history gave rise to primordial fluctuations?
t<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
10yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10
�
32s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>E nR
1 (~n

1 )
<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>E mR

2 (~n
2 )

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>E kR
3 (~n

3 )

CONFINEMENT MAGIC AND DETECTORS

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

En
R1

(~n1)
<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

Em
R2

(~n2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

Ek
R3

(~n3)
Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10
�
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

E n
R

1 (~n
1)

<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

E m
R

2 (~n
2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

E k
R

3 (~n
3)

Correlations of  general asymptotic detectors

<latexit sha1_base64="fmiWSj4QhIZ4W5p13zlrCa7xbgA=">AAACXnicbVFNTwIxEO2uiogioBcTLxuJiQdDdolBDx6IXjxiIh8JS0i3DNDQdjdt10gW/oy/xqvevPlTLLAHAWfS5OW9mczMaxAxqrTrflv2zu5eZj97kDs8yh8XiqWTlgpjSaBJQhbKToAVMCqgqalm0IkkYB4waAeTx4XefgWpaChe9DSCHscjQYeUYG2ofvHeZ1iMGPjX6znzxyrCBJIq4fPZpurLZVO/WHYr7jKcbeCloIzSaPRLVs4fhCTmIDRhWKmu50a6l2CpKWEwz/mxAjN2gkfQNVBgDqqXLM+cO5eGGTjDUJontLNk/3YkmCs15YGp5FiP1aa2IP/V3lYD1riBWgxZ5wK+saEe3vUSKqJYgyCrBYcxc3ToLLx2BlQC0WxqACaSmhsdMsYSE21+JGfc8za92gatasWrVWrPN+X6Q+pjFp2jC3SFPHSL6ugJNVATEfSOPtAn+rJ+7IydtwurUttKe07RWthnv7jRtag=</latexit>

h | | i<latexit sha1_base64="CjsVUK2FB7GO+03zOPEiaR+Y5Vw=">AAACK3icbVDLSgMxFE3qq9ZXq0s3wSLUTZkRqS6LblxWsA9oh5LJZNrQTDIkGbEM/Qy3+gV+jSvFrf9hpp2FbT0QOJxzL/fk+DFn2jjOJyxsbG5t7xR3S3v7B4dH5cpxR8tEEdomkkvV87GmnAnaNsxw2osVxZHPadef3GV+94kqzaR4NNOYehEeCRYygo2V+rXBGJtUzIbuxbBcderOHGiduDmpghytYQWWBoEkSUSFIRxr3Xed2HgpVoYRTmelQaJpjMkEj2jfUoEjqr10nnmGzq0SoFAq+4RBc/XvRoojraeRbycjbMZ61cvEf73nxYElLdDZkWXNj1YSmvDGS5mIE0MFWQQME46MRFlxKGCKEsOnlmCimP0jImOsMDG23pJtz13tap10Lutuo954uKo2b/Mei+AUnIEacME1aIJ70AJtQIAEL+AVvMF3+AG/4PditADznROwBPjzC2KPp4M=</latexit>

(n̂1)
<latexit sha1_base64="cFQko4kjeXMRQlfMal1FAjYp8I0=">AAACK3icbVDLSgMxFE181vpqdekmWIS6KTMi1WXRjSupYB/QDiWTybShmWRIMmIZ+hlu9Qv8GleKW//DTDsL23ogcDjnXu7J8WPOtHGcT7i2vrG5tV3YKe7u7R8clspHbS0TRWiLSC5V18eaciZoyzDDaTdWFEc+px1/fJv5nSeqNJPi0Uxi6kV4KFjICDZW6lX7I2xSMR3cnw9KFafmzIBWiZuTCsjRHJRhsR9IkkRUGMKx1j3XiY2XYmUY4XRa7CeaxpiM8ZD2LBU4otpLZ5mn6MwqAQqlsk8YNFP/bqQ40noS+XYywmakl71M/Nd7nh9Y0AKdHVnU/GgpoQmvvZSJODFUkHnAMOHISJQVhwKmKDF8Ygkmitk/IjLCChNj6y3a9tzlrlZJ+6Lm1mv1h8tK4ybvsQBOwCmoAhdcgQa4A03QAgRI8AJewRt8hx/wC37PR9dgvnMMFgB/fgGVFaeg</latexit>

(n̂N )<latexit sha1_base64="jaleGorbBYhQXaPazLsnSyE2Fuo=">AAACJnicbVDLSgMxFE181vHV6tLNYBFclRmR6rLoxmUF+4B2KJlMpo3NY0gyYhn6D271C/wadyLu/BQz7Sxs64HA4Zx7uScnTBjVxvO+4dr6xubWdmnH2d3bPzgsV47aWqYKkxaWTKpuiDRhVJCWoYaRbqII4iEjnXB8m/udJ6I0leLBTBIScDQUNKYYGSu1+ziSRg/KVa/mzeCuEr8gVVCgOahApx9JnHIiDGZI657vJSbIkDIUMzJ1+qkmCcJjNCQ9SwXiRAfZLO7UPbNK5MZS2SeMO1P/bmSIaz3hoZ3kyIz0speL/3rP8wMLWqTzI4tayJcSmvg6yKhIUkMEngeMU+Ya6eaduRFVBBs2sQRhRe0fXTxCCmFjm3Vse/5yV6ukfVHz67X6/WW1cVP0WAIn4BScAx9cgQa4A03QAhg8ghfwCt7gO/yAn/BrProGi51jsAD48wsqZqXq</latexit>· · ·

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

En
R1

(~n1)
<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

Em
R2

(~n2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

Ek
R3

(~n3)

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10
�
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

E n
R

1 (~n
1)

<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

E m
R

2 (~n
2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

E k
R

3 (~n
3)

From QFT point of view, what is an asymptotic detectors?
Energy Flow Operators

<latexit sha1_base64="BOVr4Ak+rFOvRzZrU5YJ3mWU/Ug="></latexit>

E(~n) =
Z 1

0
dt lim

r!1
r2niT0i(t, r~n)

<latexit sha1_base64="Rn0WhyrUeuHwpyjLZBJixlUmmGI=">AAACIXicbVDLSgMxFM34rPU1PnZugkWomzIjRV0WRXBZwT6gM5RMmmlDk8yQZMQ69F8EV/on7sSd+B+uzbSzsK0HAodz7uWenCBmVGnH+bKWlldW19YLG8XNre2dXXtvv6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLzO/NYDkYpG4l6PYuJz1Bc0pBhpI3XtQ48jPcCIpTfjsjdAOhXj065dcirOBHCRuDkpgRz1rv3j9SKccCI0ZkipjuvE2k+R1BQzMi56iSIxwkPUJx1DBeJE+ekk/RieGKUHw0iaJzScqH83UsSVGvHATGZZ1byXif96j9MDM1rA59Lo8NJPqYgTTQSehgkTBnUEs7pgj0qCNRsZgrCk5j8QD5BEWJtSi6Yod76WRdI8q7jnlepdtVS7yisrgCNwDMrABRegBm5BHTQABk/gGbyCN+vFerc+rM/p6JKV7xyAGVjfv4SopGs=</latexit>

E(n̂)
<latexit sha1_base64="bhm7SkpGgZa8bWiLz/xwdnK2Mls=">AAACE3icbVDLSgMxFL3js9ZX1aWbYBF0U2akqMuiG5cV7APaoWTStA3NZIbkjliG/oTgSv/Enbj1A/wR16btLGzrgcDhnHu5JyeIpTDout/Oyura+sZmbiu/vbO7t184OKybKNGM11gkI90MqOFSKF5DgZI3Y81pGEjeCIa3E7/xyLURkXrAUcz9kPaV6AlG0UrN9oBiqsbnnULRLblTkGXiZaQIGaqdwk+7G7Ek5AqZpMa0PDdGP6UaBZN8nG8nhseUDWmftyxVNOTGT6d5x+TUKl3Si7R9CslU/buR0tCYURjYyZDiwCx6E/Ff72l2YE4LwoU02Lv2U6HiBLliszC9RBKMyKQg0hWaM5QjSyjTwv6HsAHVlKGtMW+L8hZrWSb1i5J3WSrfl4uVm6yyHBzDCZyBB1dQgTuoQg0YSHiGV3hzXpx358P5nI2uONnOEczB+foFadSfJw==</latexit>

n̂)<latexit sha1_base64="PSRiHsXQdHP2pPxwptlGUexMy48=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqhuh6MZlC/YB7VAymUwbmmSGJCOW0i9wq1/g17gTd+LPmGlnYVsPBA7n3Ms9OUHCmTau+w0LG5tb2zvFXWdv/+DwqFQ+bus4VYS2SMxj1Q2wppxJ2jLMcNpNFMUi4LQTjO8zv/NElWaxfDSThPoCDyWLGMHGSs3bQaniVt050DrxclIBORqDMnT6YUxSQaUhHGvd89zE+FOsDCOczpx+qmmCyRgPac9SiQXV/nSedIbOrRKiKFb2SYPm6t+NKRZaT0RgJwU2I73qZeK/3vPiwJIW6uzIshaIlYQmuvGnTCapoZIsAkYpRyZGWV0oZIoSwyeWYKKY/SMiI6wwMbZUx7bnrXa1TtqXVa9WrTWvKvW7vMciOAVn4AJ44BrUwQNogBYggIIX8Are4Dv8gJ/wazFagPnOCVgC/PkFiFSjfA==</latexit>=
<latexit sha1_base64="0fbuSVGg8Wb0zcQc0kI0z04mIsY="></latexit>

Etr(n̂), EH(n̂), · · · ,
<latexit sha1_base64="0fbuSVGg8Wb0zcQc0kI0z04mIsY="></latexit>

Etr(n̂), EH(n̂), · · · ,
Primordial fluctuationsW

hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

En
R1

(~n1)
<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

Em
R2

(~n2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

Ek
R3

(~n3)
Primordial fluctuationsW

hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="jqWx1codUuDwMBg6DZSsAzpHfd8=">AAACQnicbVDLSgMxFM34rOOr1aWbYBHqpsyIVJdFEVxWsQ9oxyGTpm1okhmSTLEMs/Vr3OoX+BP+gjtx68JM24VtvRByOOde7rkniBhV2nE+rJXVtfWNzdyWvb2zu7efLxw0VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyG15neHBGpaCge9DgiHkd9QXsUI20oPw87HOkBRiy5Sf3k3nfTx0Skpc6IYPP77qmfLzplZ1JwGbgzUASzqvkFy+50QxxzIjRmSKm260TaS5DUFDOS2p1YkQjhIeqTtoECcaK8ZHJKCk8M04W9UJonNJywfycSxJUa88B0ZsbVopaR/2pP0wVzXFdlS+a5gC841L1LL6EiijUReGqwFzOoQ5jlCbtUEqzZ2ACEJTU3QjxAEmFtUrdNeu5iVsugcVZ2K+XK3XmxejXLMQeOwDEoARdcgCq4BTVQBxg8gxfwCt6sd+vT+rK+p60r1mzmEMyV9fMLT/Kw9w==</latexit>

En
R1

(~n1)
<latexit sha1_base64="Q/urDHjnJLAnPXUgvEhvG9xAedc=">AAACQnicbVDLTgIxFO3gC/EFunTTSExwQ2aIQZdEY+ISjTwSwEmnFGhoO5O2QyST2fo1bvUL/Al/wZ1x68IOzELAk9zk5Jx7c+89XsCo0rb9YWXW1jc2t7LbuZ3dvf2DfOGwqfxQYtLAPvNl20OKMCpIQ1PNSDuQBHGPkZY3vk781oRIRX3xoKcB6XE0FHRAMdJGcvOwy5EeYcSim9iN7t1K/BjxuNSdEByJ2K2cufmiXbZngKvESUkRpKi7BSvX7fs45ERozJBSHccOdC9CUlPMSJzrhooECI/RkHQMFYgT1Ytmr8Tw1Ch9OPClKaHhTP07ESGu1JR7pjM5XC17ifiv9zRfsKD1VbJkUfP40oV6cNmLqAhCTQSeHzgIGdQ+TPKEfSoJ1mxqCMKSmh8hHiGJsDap50x6znJWq6RZKTvVcvXuvFi7SnPMgmNwAkrAARegBm5BHTQABs/gBbyCN+vd+rS+rO95a8ZKZ47AAqyfX1G0sPg=</latexit>

Em
R2

(~n2)

<latexit sha1_base64="aTbL1xkKxwQ3F71nNQUP8z2mO+g="></latexit>

Ek
R3

(~n3)

<latexit sha1_base64="0fbuSVGg8Wb0zcQc0kI0z04mIsY="></latexit>

Etr(n̂), EH(n̂), · · · ,

Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22
Henriksson, Kravchuk, Oertel `23

Herrmann, Kologlu, Moult `24
Homrich, Simmons-Duffin, Vieira `24

Li, Simmons-Duffin `25
Chang, Chen, Simmons-Duffin, Zhu `25

Much interests from various QFTs: 

Critical O(N), Wilson-Fisher, 
Fishnet CFTs, QCD, …

Can we understand confinement mechanism? 24/40



Kyle Lee

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

0.0 0.2 0.4 0.6 0.8 1.0
0

1
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0.0 0.2 0.4 0.6 0.8 1.0
0

1

2
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4

<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

0.005 0.010 0.050 0.100 0.500 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

0.005 0.010 0.050 0.100 0.500 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓
<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators <latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

CORRELATION BETWEEN CHARGED HADRONS
• Unlike-signed charged correlators are correlated more as the angle becomes smaller!

• The correlation between unlike-signed hadron pair is expected to grow in string-like hadronization

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

<latexit sha1_base64="rn/No9bCLimlPOMkzrbPcZgsINY="></latexit>

hE+E�i, hE+E+i, hE�E�i, hEK+E⇡�i, hEK+E⇡+i, · · ·
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<latexit sha1_base64="xPMoIDxKb40Eav+3H6iKandr2dg=">AAACMnicbVDLSgMxFM3U9/ia6tJNsAiuyoyIuhFFF4qrClaFtpRMequhmcyQ3JGWoX/iTvQL/Ac/QXQnbv0I08fCth4IHM65l3tywkQKg77/4eSmpmdm5+YX3MWl5ZVVL792beJUcyjzWMb6NmQGpFBQRoESbhMNLAol3ISt055/8wDaiFhdYSeBWsTulGgKztBKdc+rIrQxO5NprOgFYLfuFfyi3wedJMGQFI7e3MPk6d0t1fOOW23EPI1AIZfMmErgJ1jLmEbBJXTdamogYbzF7qBiqWIRmFrWj96lW1Zp0Gas7VNI++rfjYxFxnSi0E5GDO/NuNcT//XagwMjWsP0joxqYTSWEJsHtUyoJEVQfBCwmUqKMe31RxtCA0fZsYRxLewfKb9nmnG0Lbu2vWC8q0lyvVMM9oq7l0Hh+IQMME82yCbZJgHZJ8fknJRImXDyQB7JM3lxXp1P58v5HozmnOHOOhmB8/MLK2qtow==</latexit>

Gluon Jet
<latexit sha1_base64="LYlxpwbOiNIDymFTzDbKjb4nDF0=">AAACNnicbVC7SgNBFJ2N7/hK1E6RwSBYhV0RtRGCFloqmCgkIczO3k2GzD6YuSvGJaX/YatfkF+xsRMLGz/B2cTCRA8MHM65l3vmuLEUGm371cpNTc/Mzs0v5BeXlldWC8W1mo4SxaHKIxmpW5dpkCKEKgqUcBsrYIEr4cbtnmX+zR0oLaLwGnsxNAPWDoUvOEMjtQobceuanlDHthsI95jSc6j1W4WSXbaHoH+J80NKla3B1efj9uCyVbTyDS/iSQAhcsm0rjt2jM2UKRRcQj/fSDTEjHdZG+qGhiwA3UyH8ft01yge9SNlXoh0qP7eSFmgdS9wzWTAsKMnvUz817sfHRjTPJ0dGdfcYCIh+sfNVIRxghDyUUA/kRQjmnVIPaGAo+wZwrgS5o+Ud5hiHE3TedOeM9nVX1LbLzuH5YMrp1Q5JSPMk02yQ/aIQ45IhVyQS1IlnDyQJ/JMXqyB9Wa9Wx+j0Zz1s7NOxmB9fQOAvK5A</latexit>

pT = 100 GeV

<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region
<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region

(Recently also measured                    )
KL, Moult `23

STAR `25

Can we understand confinement mechanism? 25/40



Kyle Lee

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV
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<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy
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<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓
<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators <latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

CORRELATION BETWEEN CHARGED HADRONS
• Unlike-signed charged correlators are correlated more as the angle becomes smaller!

• The correlation between unlike-signed hadron pair is expected to grow in string-like hadronization

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

<latexit sha1_base64="rn/No9bCLimlPOMkzrbPcZgsINY="></latexit>

hE+E�i, hE+E+i, hE�E�i, hEK+E⇡�i, hEK+E⇡+i, · · ·
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<latexit sha1_base64="xPMoIDxKb40Eav+3H6iKandr2dg=">AAACMnicbVDLSgMxFM3U9/ia6tJNsAiuyoyIuhFFF4qrClaFtpRMequhmcyQ3JGWoX/iTvQL/Ac/QXQnbv0I08fCth4IHM65l3tywkQKg77/4eSmpmdm5+YX3MWl5ZVVL792beJUcyjzWMb6NmQGpFBQRoESbhMNLAol3ISt055/8wDaiFhdYSeBWsTulGgKztBKdc+rIrQxO5NprOgFYLfuFfyi3wedJMGQFI7e3MPk6d0t1fOOW23EPI1AIZfMmErgJ1jLmEbBJXTdamogYbzF7qBiqWIRmFrWj96lW1Zp0Gas7VNI++rfjYxFxnSi0E5GDO/NuNcT//XagwMjWsP0joxqYTSWEJsHtUyoJEVQfBCwmUqKMe31RxtCA0fZsYRxLewfKb9nmnG0Lbu2vWC8q0lyvVMM9oq7l0Hh+IQMME82yCbZJgHZJ8fknJRImXDyQB7JM3lxXp1P58v5HozmnOHOOhmB8/MLK2qtow==</latexit>

Gluon Jet
<latexit sha1_base64="LYlxpwbOiNIDymFTzDbKjb4nDF0=">AAACNnicbVC7SgNBFJ2N7/hK1E6RwSBYhV0RtRGCFloqmCgkIczO3k2GzD6YuSvGJaX/YatfkF+xsRMLGz/B2cTCRA8MHM65l3vmuLEUGm371cpNTc/Mzs0v5BeXlldWC8W1mo4SxaHKIxmpW5dpkCKEKgqUcBsrYIEr4cbtnmX+zR0oLaLwGnsxNAPWDoUvOEMjtQobceuanlDHthsI95jSc6j1W4WSXbaHoH+J80NKla3B1efj9uCyVbTyDS/iSQAhcsm0rjt2jM2UKRRcQj/fSDTEjHdZG+qGhiwA3UyH8ft01yge9SNlXoh0qP7eSFmgdS9wzWTAsKMnvUz817sfHRjTPJ0dGdfcYCIh+sfNVIRxghDyUUA/kRQjmnVIPaGAo+wZwrgS5o+Ud5hiHE3TedOeM9nVX1LbLzuH5YMrp1Q5JSPMk02yQ/aIQ45IhVyQS1IlnDyQJ/JMXqyB9Wa9Wx+j0Zz1s7NOxmB9fQOAvK5A</latexit>

pT = 100 GeV

<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region
<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region

(Recently also measured                    )
KL, Moult `23

STAR `25

Can we understand confinement mechanism?

Quarks are never free and thus it is very hard to measure their coupling!

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Probing Confinement with energy correlators

I. Measuring flavor correlations 

II. Measuring spin correlations
Kuk, KL, Michel, Sun `25

KL, Moult, Song, Sterman [In Progress]
<latexit sha1_base64="+DSnVxJVmzz/Xs4qYSpvIoDyc5s="></latexit>

hE (~n1)E (~n2)i

<latexit sha1_base64="6egFXTnvRFg0YsKQla9MVA9Rlnc="></latexit>

hEK+(~n1)E⇡�(~n2)i
(Backup slides)
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Kyle Lee

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV
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<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri
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<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy
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<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓
<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators <latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

CORRELATION BETWEEN CHARGED HADRONS
• Unlike-signed charged correlators are correlated more as the angle becomes smaller!

• The correlation between unlike-signed hadron pair is expected to grow in string-like hadronization

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

<latexit sha1_base64="rn/No9bCLimlPOMkzrbPcZgsINY="></latexit>

hE+E�i, hE+E+i, hE�E�i, hEK+E⇡�i, hEK+E⇡+i, · · ·

0.001 0.005 0.010 0.050 0.100 0.500

0.2

0.4

0.6

0.8

1.0

1.2

<latexit sha1_base64="xPMoIDxKb40Eav+3H6iKandr2dg=">AAACMnicbVDLSgMxFM3U9/ia6tJNsAiuyoyIuhFFF4qrClaFtpRMequhmcyQ3JGWoX/iTvQL/Ac/QXQnbv0I08fCth4IHM65l3tywkQKg77/4eSmpmdm5+YX3MWl5ZVVL792beJUcyjzWMb6NmQGpFBQRoESbhMNLAol3ISt055/8wDaiFhdYSeBWsTulGgKztBKdc+rIrQxO5NprOgFYLfuFfyi3wedJMGQFI7e3MPk6d0t1fOOW23EPI1AIZfMmErgJ1jLmEbBJXTdamogYbzF7qBiqWIRmFrWj96lW1Zp0Gas7VNI++rfjYxFxnSi0E5GDO/NuNcT//XagwMjWsP0joxqYTSWEJsHtUyoJEVQfBCwmUqKMe31RxtCA0fZsYRxLewfKb9nmnG0Lbu2vWC8q0lyvVMM9oq7l0Hh+IQMME82yCbZJgHZJ8fknJRImXDyQB7JM3lxXp1P58v5HozmnOHOOhmB8/MLK2qtow==</latexit>

Gluon Jet
<latexit sha1_base64="LYlxpwbOiNIDymFTzDbKjb4nDF0=">AAACNnicbVC7SgNBFJ2N7/hK1E6RwSBYhV0RtRGCFloqmCgkIczO3k2GzD6YuSvGJaX/YatfkF+xsRMLGz/B2cTCRA8MHM65l3vmuLEUGm371cpNTc/Mzs0v5BeXlldWC8W1mo4SxaHKIxmpW5dpkCKEKgqUcBsrYIEr4cbtnmX+zR0oLaLwGnsxNAPWDoUvOEMjtQobceuanlDHthsI95jSc6j1W4WSXbaHoH+J80NKla3B1efj9uCyVbTyDS/iSQAhcsm0rjt2jM2UKRRcQj/fSDTEjHdZG+qGhiwA3UyH8ft01yge9SNlXoh0qP7eSFmgdS9wzWTAsKMnvUz817sfHRjTPJ0dGdfcYCIh+sfNVIRxghDyUUA/kRQjmnVIPaGAo+wZwrgS5o+Ud5hiHE3TedOeM9nVX1LbLzuH5YMrp1Q5JSPMk02yQ/aIQ45IhVyQS1IlnDyQJ/JMXqyB9Wa9Wx+j0Zz1s7NOxmB9fQOAvK5A</latexit>

pT = 100 GeV

<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region
<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region

(Recently also measured                    )
KL, Moult `23

STAR `25

Can we understand confinement mechanism?

Quarks are never free and thus it is very hard to measure their coupling!

Energy Correlators in Jet

<latexit sha1_base64="jR6kpclxJYgi1jAgrE/uJV0zDe4=">AAACJHicbVDLSgMxFE181vHV6tJNsBRclRkp6rLoxmUF+4B2KJlMpg1NMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knJ0g408Z1v+HG5tb2zm5pz9k/ODw6LldOOjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpcaghoblqlt350DrxCtIFRRoDSvQGYQxSQWVhnCsdd9zE+NnWBlGOJ05g1TTBJMJHtG+pRILqv1sHnaGalYJURQr+6RBc/XvRoaF1lMR2EmBzVivern4r/e8OLCkhTo/sqwFYiWhiW78jMkkNVSSRcAo5cjEKG8MhUxRYvjUEkwUs39EZIwVJsb26tj2vNWu1knnsu5d1RsPjWrztuixBM7AObgAHrgGTXAPWqANCBiDF/AK3uA7/ICf8GsxugGLnVOwBPjzCwDcpDA=</latexit>

4%
<latexit sha1_base64="SN0GKzE0QOHfWd9cPxBv15d/TUE=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgqiRS1GXRjcsK9gFtKJPpbTt0MgkzN9IQ+itu9Qv8F8GduPUbnLZZ2NYDA4dz7uWeOX4kuEbH+bByW9s7u3v5/cLB4dHxSbFUbukwVgyaLBSh6vhUg+ASmshRQCdSQANfQNuf3M/99jMozUP5hEkEXkBHkg85o2ikfrHcQ5hiGksGCimXmMz6xYpTdRawN4mbkQrJ0OiXrEJvELI4AIlMUK27rhOhl1KFnAmYFXqxhoiyCR1B11BJA9Beugg/sy+MMrCHoTJPor1Q/26kNNA6CXwzGVAc63VvLv7rTZcHVrSBnh9Z1fxgLSEOb72UyyhGkGwZcBgLG0N73qA94AoYisQQyhQ3f7TZmCrK0PRcMO25611tktZV1b2u1h5rlfpd1mOenJFzcklcckPq5IE0SJMwMiUv5JW8We/Wp/VlfS9Hc1a2c0pWYP38Aunfq+c=</latexit>

uncertainty
<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)

Probing Confinement with energy correlators

Explore different correlations to unlock confinement!

I. Measuring flavor correlations 

II. Measuring spin correlations
<latexit sha1_base64="+DSnVxJVmzz/Xs4qYSpvIoDyc5s="></latexit>

hE (~n1)E (~n2)i

<latexit sha1_base64="6egFXTnvRFg0YsKQla9MVA9Rlnc="></latexit>

hEK+(~n1)E⇡�(~n2)i
(Backup slides)

25/40

Kuk, KL, Michel, Sun `25

KL, Moult, Song, Sterman [In Progress]
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of  the heavy flavor scale in jets?



Kyle Lee

UNRAVELING HEAVY FLAVOR DYNAMICS

<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij• Two-point correlators give access to an angular scale

This gives sensitivity to scales of QCD
<latexit sha1_base64="sq0E1+clFmTX3Uq2K3KXseb5iDk="></latexit>

⇤QCD,mQ, · · ·
<latexit sha1_base64="a73+GXS3d7Lq40cfSqP8Jq3KbXc=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvUa98XRTa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/uQ6bU</latexit>

=)

• Heavy quark dynamics are important for understanding medium, hadronization, Higgs, BSM 
searches, flavor tagging, gluon structure, etc.

<latexit sha1_base64="lLPhwnCsQkeN68BomXueZw1wGoY=">AAACNHicbVDLSsNAFJ3UV42vti7dBIvgqiQi6rLopssK9gFtKJPJbTt08mDmRlpCfsWtfoH/IrgTt36D0zYL23pg4HDu49w5Xiy4Qtv+MApb2zu7e8V98+Dw6PikVK60VZRIBi0WiUh2PapA8BBayFFAN5ZAA09Ax5s8zOudZ5CKR+ETzmJwAzoK+ZAziloalCp9hCku9qQS/CxtZINS1a7ZC1ibxMlJleRoDsqG2fcjlgQQIhNUqZ5jx+imVCJnAjKznyiIKZvQEfQ0DWkAyk0Xppl1oRXfGkZSvxCthfp3IqWBUrPA050BxbFar83Ff2vTpcGK5qu5yarmBWsX4vDOTXkYJwghWx44TISFkTVP0PK5BIZipgllkus/WmxMJWWoczZ1es56VpukfVVzbmrXj9fV+n2eY5GckXNySRxyS+qkQZqkRRiZkhfySt6Md+PT+DK+l60FI585JSswfn4BuM6ryw==</latexit>

H
<latexit sha1_base64="GYZNkXOf8Y/GY+mO9l6UDshD40U="></latexit>

b
<latexit sha1_base64="Xrkx5r81x3I/MLICJYHssNyjcuM="></latexit>

b̄

<latexit sha1_base64="1MynLKr++Gwt3gm4SdSxQWNR+f4="></latexit>

Q

<latexit sha1_base64="WmxA8DZUiJTHrQeJCtZ0MQkCNgU="></latexit>

Q̄

Can we improve our understanding of  the heavy flavor scale in jets? 26/40

Fickinger, Fleming, Kim, Mereghetti `16
Kang, Ringer, Vitev `17 

Li, Vitev `18
Lee, Shrivastava, Vaidya `19 

Attems, Brewer, et al `22 
von Kuk, Michel, Sun `23

…



Kyle Lee

BEAUTIFUL AND CHARMING CORRELATORS

• Ratio of the two-point correlators clearly shows the dead-cone region around 

• Two-point correlators capture the effects of intrinsic mass of heavy quarks

<latexit sha1_base64="q15MLp+qMF+qfMBwW5xph6hPO9Q=">AAACP3icbVBNS8NAEN34WetXq0cRFovgqSQi6lEUwWMLVgsmhM12Yhd3k7A7EUvoyV/jVX+BP8Nf4E28enP7cbCtDwYe780wMy/KpDDouh/O3PzC4tJyaaW8ura+sVmpbt2YNNccWjyVqW5HzIAUCbRQoIR2poGpSMJt9HAx8G8fQRuRJtfYyyBQ7D4RseAMrRRWdn3sAjLqSzDGCEX9WDNeqLDZLy77YaXm1t0h6CzxxqRGxmiEVafsd1KeK0iQS2bMnedmGBRMo+AS+mU/N5Ax/sDu4c7ShCkwQTH8o0/3rdKhcaptJUiH6t+JgiljeiqynYph10x7A/Ff72m0YELrmMGSSS1SUxdifBoUIslyhISPDoxzSTGlgzBpR2jgKHuWMK6F/ZHyLrMBoo28bNPzprOaJTeHde+4ftQ8qp2dj3MskR2yRw6IR07IGbkiDdIinDyTF/JK3px359P5cr5HrXPOeGabTMD5+QUGGK/e</latexit>

✓ . mQ

E

0.001 0.005 0.010 0.050 0.100 0.500
0

20

40

60

80

100

120

<latexit sha1_base64="R2Ix21GgAs4F6Eq48dDUOkPHDmg="></latexit>

Light Jet

Charm Jet

Beauty Jet

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓
0.001 0.005 0.010 0.050 0.100 0.500

0.0

0.5

1.0

1.5

2.0

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓

<latexit sha1_base64="Z2nNvwHpWmkWIhksa7JACHu8TNg="></latexit>

hE(~n1)EH(~n2)i
hE(~n1)E(~n2)i

<latexit sha1_base64="KxhEKvc4v85CeKYEEpb1/6lVcXI="></latexit>

H = Beauty Hadrons

<latexit sha1_base64="Z2nNvwHpWmkWIhksa7JACHu8TNg="></latexit>

hE(~n1)EH(~n2)i
hE(~n )E(~n )i

Heavy Flavor Energy Flow Operator :
<latexit sha1_base64="XtTaTZYXfvB2C82ZCnzwZDLh5dY="></latexit>

EH(n̂)|Xi =
X

h2H,H̄

Eh�
2(⌦~ph � ⌦n̂)|Xi

Craft, KL, Meçaj, Moult `22

Can we improve our understanding of  the heavy flavor scale in jets? 27/40



Kyle Lee

Craft, KL, Meçaj, Moult `22

BEAUTIFUL AND CHARMING CORRELATORS

• Ratio of the two-point correlators clearly shows the dead-cone region around 

• Two-point correlators capture the effects of intrinsic mass of heavy quarks

<latexit sha1_base64="q15MLp+qMF+qfMBwW5xph6hPO9Q=">AAACP3icbVBNS8NAEN34WetXq0cRFovgqSQi6lEUwWMLVgsmhM12Yhd3k7A7EUvoyV/jVX+BP8Nf4E28enP7cbCtDwYe780wMy/KpDDouh/O3PzC4tJyaaW8ura+sVmpbt2YNNccWjyVqW5HzIAUCbRQoIR2poGpSMJt9HAx8G8fQRuRJtfYyyBQ7D4RseAMrRRWdn3sAjLqSzDGCEX9WDNeqLDZLy77YaXm1t0h6CzxxqRGxmiEVafsd1KeK0iQS2bMnedmGBRMo+AS+mU/N5Ax/sDu4c7ShCkwQTH8o0/3rdKhcaptJUiH6t+JgiljeiqynYph10x7A/Ff72m0YELrmMGSSS1SUxdifBoUIslyhISPDoxzSTGlgzBpR2jgKHuWMK6F/ZHyLrMBoo28bNPzprOaJTeHde+4ftQ8qp2dj3MskR2yRw6IR07IGbkiDdIinDyTF/JK3px359P5cr5HrXPOeGabTMD5+QUGGK/e</latexit>

✓ . mQ

E

0.001 0.005 0.010 0.050 0.100 0.500
0

20

40

60

80

100

120

<latexit sha1_base64="R2Ix21GgAs4F6Eq48dDUOkPHDmg="></latexit>

Light Jet

Charm Jet

Beauty Jet

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓
0.001 0.005 0.010 0.050 0.100 0.500

0.0

0.5

1.0

1.5

2.0

<latexit sha1_base64="DRijCi2bi6xsuQynTO/z2pbBofI="></latexit>

AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

<latexit sha1_base64="SNTDglG+HVgDATVxs4oATY/ld6o="></latexit>

✓

<latexit sha1_base64="Z2nNvwHpWmkWIhksa7JACHu8TNg="></latexit>

hE(~n1)EH(~n2)i
hE(~n1)E(~n2)i

<latexit sha1_base64="KxhEKvc4v85CeKYEEpb1/6lVcXI="></latexit>

H = Beauty Hadrons

<latexit sha1_base64="Z2nNvwHpWmkWIhksa7JACHu8TNg="></latexit>

hE(~n1)EH(~n2)i
hE(~n )E(~n )i

Heavy Flavor Energy Flow Operator :
<latexit sha1_base64="XtTaTZYXfvB2C82ZCnzwZDLh5dY="></latexit>

EH(n̂)|Xi =
X

h2H,H̄

Eh�
2(⌦~ph � ⌦n̂)|Xi

Can we improve our understanding of  the heavy flavor scale in jets? 27

ALICE `25

/40
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µ

0.01

0.1

0.5

¡

0

º
2

º

3º
2

2º

0.90

0.95

1.00

1.05

1.10

<latexit sha1_base64="seN5hyyzh+sxTuQzanRueozLIg4=">AAACQ3icbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIxFog+pjSrHcVqrdhJsB1FF+Q5W+Bg+gm9gQ6xIOG0G0nIlS8fn3Ot7fNyIM6Ut6wOWNja3tnfKu5W9/YPDo2rtuKfCWBLaJSEP5cDFinIW0K5mmtNBJCkWLqd9d3ab6f0nKhULgwc9j6gj8CRgPiNYG8oZ+RKTZBSxNGmm42rdaliLQuvAzkEd5NUZ1yAaeSGJBQ004VipoW1F2kmw1IxwmlZGsaIRJjM8oUMDAyyocpKF6xSdG8ZDfijNCTRasH8nEiyUmgvXdAqsp2pVy8h/teflggLnqWxJkXNF8Z69JJWvVnxr/9pJWBDFmgZkaduPOdIhygJFHpOUaD43ABPJzM8RmWITqzaxV0ym9mqC66DXbNitRuv+st6+ydMtg1NwBi6ADa5AG9yBDugCAh7BC3gFb/AdfsIv+L1sLcF85gQUCv78Ajyhsmk=</latexit>⇡

2
<latexit sha1_base64="YZqlCaAABWmLfdvh8OkzcjbKkQQ=">AAACOXicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi6ENqo8pxnNaq7US2g6iifgIrfAxfwsiGWPkBnDYDKVzJ0vE59/oeHz/mTBvHeYeltfWNza3ydmVnd2//oFo77OooUYR2SMQj1fexppxJ2jHMcNqPFcXC57TnT28yvfdIlWaRfDCzmHoCjyULGcHGUvfDmI2qdafhLAr9BW4O6iCv9qgG0TCISCKoNIRjrQeuExsvxcowwum8Mkw0jTGZ4jEdWCixoNpLF17n6NQyAQojZY80aMH+nkix0HomfNspsJnoVS0j/9WelgsKXKCzJUXOF8V79pLSoV7xbcIrL2UyTgyVZGk7TDgyEcpiRAFTlBg+swATxezPEZlghYmxYVdspu5qgn9B97zhNhvNu4t66zpPtwyOwQk4Ay64BC1wC9qgAwgYg2fwAl7hG/yAn/Br2VqC+cwRKBT8/gEtta3r</latexit>⇡

<latexit sha1_base64="A3lVr2FnFByO5WQ3+IH2lpzETyk=">AAACRHicbVC7TsMwFLV5lvJqYWSxqJCYqqSgwljBwlgk+pCaUDmu01p1nMh2EFWU/2CFj+Ef+Ac2xIpw2gyk5UqWjs+51/f4eBFnSlvWB1xb39jc2i7tlHf39g8OK9WjrgpjSWiHhDyUfQ8rypmgHc00p/1IUhx4nPa86W2m956oVCwUD3oWUTfAY8F8RrA21KPjS0ySCydiadJIh5WaVbfmhVaBnYMayKs9rELkjEISB1RowrFSA9uKtJtgqRnhNC07saIRJlM8pgMDBQ6ocpO57RSdGWaE/FCaIzSas38nEhwoNQs80xlgPVHLWkb+qz0vFhS4kcqWFDkvKN6zl6Ty1ZJv7V+7CRNRrKkgC9t+zJEOUZYoGjFJieYzAzCRzPwckQk2uWqTe9lkai8nuAq6jbrdrDfvL2utmzzdEjgBp+Ac2OAKtMAdaIMOIECCF/AK3uA7/IRf8HvRugbzmWNQKPjzC8LNsqY=</latexit>

3⇡

2

<latexit sha1_base64="UFafRlzgt6o8sLKQSqgCyfbXRDA=">AAACOnicbVC7TsMwFLV5lvJqYWSxqJCYqqRChbGChbFI9CG1UeU4TmvVdiLbQVRRf4EVPoYfYWVDrHwATpuBtFzJ0vE59/oeHz/mTBvH+YAbm1vbO7ulvfL+weHRcaV60tVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95leu+JKs0i+WhmMfUEHksWMoJNRjWGMRtVak7dWRRaB24OaiCv9qgK0TCISCKoNIRjrQeuExsvxcowwum8PEw0jTGZ4jEdWCixoNpLF2bn6MIyAQojZY80aMH+nUix0HomfNspsJnoVS0j/9WelwsKXKCzJUXOF8V79pLSoV7xbcIbL2UyTgyVZGk7TDgyEcpyRAFTlBg+swATxezPEZlghYmxaZdtpu5qguug26i7zXrz4arWus3TLYEzcA4ugQuuQQvcgzboAAIm4AW8gjf4Dj/hF/xetm7AfOYUFAr+/AKuuK4n</latexit>

2⇡
<latexit sha1_base64="i+9bnGGlc1m/9xcKBlm9wHZUg7k=">AAACN3icbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsZWog+pjSrHcVqrthPZDqKK+gWs8DF8ChMbYuUPcNoMpHAlS8fn3Ot7fPyYM20c5x2WNja3tnfKu5W9/YPDo2rtuKejRBHaJRGP1MDHmnImadcww+kgVhQLn9O+P7vL9P4jVZpF8sHMY+oJPJEsZAQbS3WccbXuNJxlob/AzUEd5NUe1yAaBRFJBJWGcKz10HVi46VYGUY4XVRGiaYxJjM8oUMLJRZUe+nS6QKdWyZAYaTskQYt2d8TKRZaz4VvOwU2U72uZeS/2tNqQYELdLakyPmieM9eUjrUa75NeOOlTMaJoZKsbIcJRyZCWYgoYIoSw+cWYKKY/TkiU6wwMTbqis3UXU/wL+hdNtxmo9m5qrdu83TL4BScgQvggmvQAvegDbqAAAqewQt4hW/wA37Cr1VrCeYzJ6BQ8PsHBeis0g==</latexit>

0
<latexit sha1_base64="h+tc5zZNFrdojtiwKas2KfUTaB8=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi0YfURpXjOI1V24lsB1FV/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fPyEM20c5wOWNja3tnfKu5W9/YPDo2rtuKvjVBHaITGPVd/HmnImaccww2k/URQLn9OeP7nL9N4TVZrF8tFME+oJPJYsZASbjBomERtV607DWRRaB24O6iCv9qgG0TCISSqoNIRjrQeukxhvhpVhhNN5ZZhqmmAywWM6sFBiQbU3W5ido3PLBCiMlT3SoAX7d2KGhdZT4dtOgU2kV7WM/Fd7Xi4ocIHOlhQ5XxTv2UtKh3rFtwlvvBmTSWqoJEvbYcqRiVGWIwqYosTwqQWYKGZ/jkiEFSbGpl2xmbqrCa6D7mXDbTaaD1f11m2ebhmcgjNwAVxwDVrgHrRBBxAQgRfwCt7gO/yEX/B72VqC+cwJKBT8+QUR565d</latexit>

�

<latexit sha1_base64="ho62c2HY+MujPSS3K4660n8b4P8="></latexit>⌦
 aniso

N

�� EH (~n1) EH (~n2)
�� aniso

N

↵

h N |EH (~n1) EH (~n2) | N i

<latexit sha1_base64="2CXUy4qjIeQF8v4CGz1UmnOT/nc=">AAACS3icbVDLTgIxFO2gKOILZOmmkZi4IjPGoEuiC11iwithJqRT7kBDOzO2HSOZ8C1u9WP8AL/DnXFhB1gIeJMmp+fc23t6/JgzpW3708ptbed3dgt7xf2Dw6PjUvmko6JEUmjTiEey5xMFnIXQ1kxz6MUSiPA5dP3JXaZ3n0EqFoUtPY3BE2QUsoBRog01KFXiQcsdwRN2bNuVIr2HzmxQqto1e154EzhLUEXLag7KFnaHEU0EhJpyolTfsWPtpURqRjnMim6iICZ0QkbQNzAkApSXzt3P8LlhhjiIpDmhxnP270RKhFJT4ZtOQfRYrWsZ+a/2sliwwg1VtmSV88XqPXtJqkCt+dbBjZeyME40hHRhO0g41hHOgsVDJoFqPjWAUMnMzzEdE0moNvEXTabOeoKboHNZc+q1+uNVtXG7TLeATtEZukAOukYN9ICaqI0omqJX9IberQ/ry/q2fhatOWs5U0Erlcv/AiLZsyo=</latexit>

pT � 100GeV

<latexit sha1_base64="q5pQvZgjtGKcH3h+ORtwwRHqOAQ="></latexit>

q̂ = 1.25 GeV2/fm , L = 4 fm

<latexit sha1_base64="s27qyKhuvFMcWoQEvaa082zyzbE=">AAACQHicbVC7TsMwFHXKq5RXCyOLRYXEFCUIFRakChbGItGHaKvKcZzWquNE9g2iivoXrPAx/AV/wIZYmXDaDqTlSpaOz7nX9/h4seAaHOfDKqytb2xuFbdLO7t7+wflymFLR4mirEkjEamORzQTXLImcBCsEytGQk+wtje+zfT2E1OaR/IBJjHrh2QoecApAUM99mDEgFw7tjsoVx3bmRVeBe4CVNGiGoOKhXt+RJOQSaCCaN11nRj6KVHAqWDTUi/RLCZ0TIasa6AkIdP9dGZ5ik8N4+MgUuZIwDP270RKQq0noWc6QwIjvaxl5L/a83xBjvN1tiTPeWH+nr2kdKCXfENw1U+5jBNgks5tB4nAEOEsTexzxSiIiQGEKm5+jumIKELBZF4ymbrLCa6C1rnt1uza/UW1frNIt4iO0Qk6Qy66RHV0hxqoiSiS6AW9ojfr3fq0vqzveWvBWswcoVxZP7/4/rA6</latexit>

✓ = 0.1

<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3

<latexit sha1_base64="hb0cA+E5j8qm7ncMT+twqxPOEFo=">AAACTnicbVFdS8MwFE3n15xfm4IvvgSH4NNsRaYvwtAXHye4D9hKSbN0C0vamqSyUvdnfNUf46t/xDfRdKtgNy8ETs65N/feEzdkVCrT/DAKK6tr6xvFzdLW9s7uXrmy35ZBJDBp4YAFousiSRj1SUtRxUg3FARxl5GOO75N9c4TEZIG/oOKQ2JzNPSpRzFSmnLKh/0RUsnj1InPftHk2jKdctWsmbOAy8DKQBVk0XQqBuwPAhxx4ivMkJQ9ywyVnSChKGZkWupHkoQIj9GQ9DT0ESfSTmYLTOGJZgbQC4Q+voIz9m9FgriUMXd1JkdqJBe1lPxXm8wb5LiBTJvkOZfn7+lLQnpyYW7lXdkJ9cNIER/Px/YiBlUAU2/hgAqCFYs1QFhQvTnEIyQQVvoHStpTa9HBZdA+r1n1Wv3+otq4ydwtgiNwDE6BBS5BA9yBJmgBDJ7BC3gFb8a78Wl8Gd/z1IKR1RyAXBSKPx8ZtSY=</latexit>

q̂y/q̂x = 10
<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3
<latexit sha1_base64="HBkoqIQ8zQZZEixu6bKsomexdPM=">AAACT3icbZG7TsMwFIadcGvLrYWBgcWiQmIKCYLCglTBwlgkepHaqnIcp7XqXLAd1CjK07DCwzDyJGwIpw0SaTmSpc//sX3O+W2HjAppmp+avra+sblVKle2d3b39qu1g44IIo5JGwcs4D0bCcKoT9qSSkZ6ISfIsxnp2tP7LN99IVzQwH+ScUiGHhr71KUYSSWNqkeDCZLJczqKz39pdmsZV6Nq3TTMecBVsHKogzxao5oGB06AI4/4EjMkRN8yQzlMEJcUM5JWBpEgIcJTNCZ9hT7yiBgm8wlSeKoUB7oBV8uXcK7+vZEgT4jYs9VJD8mJWM5l4r+52aJAQXNEVqSo2V5xn73EhSuW+pbuzTChfhhJ4uNF227EoAxgZi50KCdYslgBwpyqySGeII6wVF9QUZ5ayw6uQufCsBpG4/Gy3rzL3S2BY3ACzoAFrkETPIAWaAMMUvAK3sC79qF9ad96flTXcjgEhdDLP4k+tGQ=</latexit>

q̂y/q̂x = 1.5

<latexit sha1_base64="G0ixa6GO04HPSE6fi0U2YAFd45I="></latexit>

H = Charm Hadrons

<latexit sha1_base64="ssv2gajxV87NVJMnRs7pHJDhCHM="></latexit>

100
<latexit sha1_base64="qSMLpBNt1IBz5AQhpqEPE0pJt5k="></latexit>

10�2
<latexit sha1_base64="PlFMvXDkqOJ7MRfPEdTE6IaYVd8="></latexit>

10�4

●

●
●

●

●

●
●

●

●

●

●
●

●
●

●
<latexit sha1_base64="Zhan+iE4ORa1DxlgLv5tLp619kI="></latexit>

10�6
<latexit sha1_base64="rX6ENYcWAhk4gdEJbeH8CqyVwqI="></latexit>

10�8

<latexit sha1_base64="FDOssBgrNC7R5VkzDvTba7Yd3X4="></latexit>

vEEC
n /vEEC

0

BONUS: RESOLVING THE QGP USING HEAVY FLAVOR 
ENERGY CORRELATORS

<latexit sha1_base64="Cis423v+MsxxlUM6gyBEH/6FMnQ="></latexit>

�

<latexit sha1_base64="mgr/V5o2HkGZ26tt/zrN7U+KMjA="></latexit>

P (med)
g!gg

<latexit sha1_base64="mgr/V5o2HkGZ26tt/zrN7U+KMjA="></latexit>

P (med)
g!gg

θ

• Heavy flavor EEC allow gluon to heavy flavor splitting to be isolated 

Barata, Brewer, KL, Silva `25

Can we improve our understanding of  the heavy flavor scale in jets? 28/40

Andres, Dominguez, Holguin, Marquet, Moult `23,24
Bossi, Kudinoor, Moult, Pablos, Rai, Rajagopal `24

Barata, Kang, Mayo, Penttala `24
…

CMS `25

See also
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HIGHER POINT CORRELATORS
• Higher-point correlators probe more detailed aspects of interactions

• Cosmologists are hunting for non-gaussianities  
(genuine 3-pt correlation) in CMB to distinguish 
models of inflation

Triple collinear splitting functions

<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=) Can now compute 3-point correlations!
Maldacena `02

Craft, Gonzalez, KL, Meçaj, Moult `23
Dhani, Rodrigo, Sborlini `23

Can we improve our understanding of  the heavy flavor scale in jets? 29/40
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>

Ratio of Three-Point Massive Correlators

<latexit sha1_base64="rHN7iOAdUTMzmyARDorbj0OPrA8="></latexit>

E1

<latexit sha1_base64="Mw4aZqsbr2O1eQjV3DsGm0H8GwQ="></latexit>

E2
<latexit sha1_base64="mMPTckll5xnbCbojCIceekiBSEE="></latexit>

⇠M12

<latexit sha1_base64="S0Aw+D2tVr4LosrGcPJGTVAi5sA="></latexit>

⇠21M<latexit sha1_base64="wYleVSoolC2FUJoyDZcmEaES5PY="></latexit>

�2M1

<latexit sha1_base64="grxm7ArJCbCNGzetBldMgH8bv5c="></latexit>

�M12

<latexit sha1_base64="5+C3XYSGD2PxsZYOfV+J1MUIyNA="></latexit>

�21M

<latexit sha1_base64="quTCLnrfSD0DXgY4wWkQRJybT8o="></latexit>

1.0
<latexit sha1_base64="jV7/O3r0yV1eRWe1xazJisxo1u0="></latexit>

0.8

<latexit sha1_base64="UuJlPnMaM5K3UyS7VJsdlnQZBow="></latexit>

0.6

<latexit sha1_base64="ocXb1e7ebUU394cSVmCOvObcL8o="></latexit>

0.4
<latexit sha1_base64="BW7CCWxF9WES+e0go7xT8D/C+r4="></latexit>

0.2

<latexit sha1_base64="a8o5IsoL49Fmm4T9tsARx8DzllY="></latexit>

0

• Application:  three-point correlations probe the non-trivial dynamics of the dead-cone

PROBING THE DYNAMICS OF THE DEAD-CONE

30

<latexit sha1_base64="zxcFf9J4AZN+9RxH9/bO7OSSeO8="></latexit>

hE1E2EHi
hE1E2E3i

<latexit sha1_base64="p9qhP3IEKVe7XtoZJlckzucWZZU="></latexit>

EH

• Three-point structure allows us to probe the 
nontrivial shape of the dead-cone

Craft, Gonzalez, KL, Meçaj, Moult [In Progress]

Can we improve our understanding of  the heavy flavor scale in jets? /40
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>

Ratio of Three-Point Massive Correlators

<latexit sha1_base64="rHN7iOAdUTMzmyARDorbj0OPrA8="></latexit>

E1

<latexit sha1_base64="Mw4aZqsbr2O1eQjV3DsGm0H8GwQ="></latexit>

E2

<latexit sha1_base64="mMPTckll5xnbCbojCIceekiBSEE="></latexit>

⇠M12

<latexit sha1_base64="S0Aw+D2tVr4LosrGcPJGTVAi5sA="></latexit>

⇠21M<latexit sha1_base64="wYleVSoolC2FUJoyDZcmEaES5PY="></latexit>

�2M1

<latexit sha1_base64="grxm7ArJCbCNGzetBldMgH8bv5c="></latexit>

�M12

<latexit sha1_base64="5+C3XYSGD2PxsZYOfV+J1MUIyNA="></latexit>

�21M

<latexit sha1_base64="quTCLnrfSD0DXgY4wWkQRJybT8o="></latexit>

1.0
<latexit sha1_base64="jV7/O3r0yV1eRWe1xazJisxo1u0="></latexit>

0.8

<latexit sha1_base64="UuJlPnMaM5K3UyS7VJsdlnQZBow="></latexit>

0.6

<latexit sha1_base64="ocXb1e7ebUU394cSVmCOvObcL8o="></latexit>

0.4
<latexit sha1_base64="BW7CCWxF9WES+e0go7xT8D/C+r4="></latexit>

0.2

<latexit sha1_base64="a8o5IsoL49Fmm4T9tsARx8DzllY="></latexit>

0

• Application:  three-point correlations probe the non-trivial dynamics of the dead-cone

PROBING THE DYNAMICS OF THE DEAD-CONE

<latexit sha1_base64="p9qhP3IEKVe7XtoZJlckzucWZZU="></latexit>

EH

<latexit sha1_base64="zxcFf9J4AZN+9RxH9/bO7OSSeO8="></latexit>

hE1E2EHi
hE1E2E3i

• Three-point structure allows us to probe the 
nontrivial shape of the dead-cone

Can we improve our understanding of  the heavy flavor scale in jets? 30/40

Craft, Gonzalez, KL, Meçaj, Moult [In Progress]
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<latexit sha1_base64="NlW4wpw3JG0S+XeVMUKGEwyNNZ0="></latexit>

Ratio of Three-Point Massive Correlators

<latexit sha1_base64="rHN7iOAdUTMzmyARDorbj0OPrA8="></latexit>

E1
<latexit sha1_base64="Mw4aZqsbr2O1eQjV3DsGm0H8GwQ="></latexit>

E2

<latexit sha1_base64="mMPTckll5xnbCbojCIceekiBSEE="></latexit>

⇠M12

<latexit sha1_base64="S0Aw+D2tVr4LosrGcPJGTVAi5sA="></latexit>

⇠21M<latexit sha1_base64="wYleVSoolC2FUJoyDZcmEaES5PY="></latexit>

�2M1

<latexit sha1_base64="grxm7ArJCbCNGzetBldMgH8bv5c="></latexit>

�M12

<latexit sha1_base64="5+C3XYSGD2PxsZYOfV+J1MUIyNA="></latexit>

�21M

<latexit sha1_base64="quTCLnrfSD0DXgY4wWkQRJybT8o="></latexit>

1.0
<latexit sha1_base64="jV7/O3r0yV1eRWe1xazJisxo1u0="></latexit>

0.8

<latexit sha1_base64="UuJlPnMaM5K3UyS7VJsdlnQZBow="></latexit>

0.6

<latexit sha1_base64="ocXb1e7ebUU394cSVmCOvObcL8o="></latexit>

0.4
<latexit sha1_base64="BW7CCWxF9WES+e0go7xT8D/C+r4="></latexit>

0.2

<latexit sha1_base64="a8o5IsoL49Fmm4T9tsARx8DzllY="></latexit>

0

• Application:  three-point correlations probe the non-trivial dynamics of the dead-cone

PROBING THE DYNAMICS OF THE DEAD-CONE

<latexit sha1_base64="p9qhP3IEKVe7XtoZJlckzucWZZU="></latexit>

EH

<latexit sha1_base64="zxcFf9J4AZN+9RxH9/bO7OSSeO8="></latexit>

hE1E2EHi
hE1E2E3i

• Three-point structure allows us to probe the 
nontrivial shape of the dead-cone

Can we improve our understanding of  the heavy flavor scale in jets? 30/40

Craft, Gonzalez, KL, Meçaj, Moult [In Progress]
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BONUS: PUSHING THE LIMIT OF HIGHER POINTS
• Phenomenologically interesting to probe OPE and spinning operators

Gonzalez, Harris, KL, Moult, Rothman [In Progress]

Push the precision of higher-point correlators to probe dynamics nontrivially!

Can we improve our understanding of  the heavy flavor scale in jets? 31/40

He, Jiang, Yang, Zhang `24
Chicherin, Moult, Sokatchev, Yan, Zhu `24• Analytic computation for 𝒩 = 4



IV. Heavy Flavor Jets

Overview

III. Confinement  
Dynamics

I. Universal Scaling

II. Precision SM
V. Electroweak and  

New physics

Can we do precision  
electroweak studies and  
constrain new physics?
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JET SUBSTRUCTURE : 
ELECTROWEAK SCALE AND NEW PHYSICS

32

• Since its first introduction in 2008 by Butterworth, Davison, Rubin and Salam to reconstruct Higgs, 
modern jet substructure studies have been widely used for electroweak and new heavy resonances.

• In parallel, a surge of ML techniques now enables more efficient tagging of these objects.

Can we do precision electroweak studies and constrain new physics?

<latexit sha1_base64="EeOU71XcFPkiI8mongFsQ6IUFYI="></latexit>

H

t

/40



Kyle Lee 33Can we do precision electroweak studies and constrain new physics?

<latexit sha1_base64="d1XhimikK5iWZALkCV4ZYzN1pf8="></latexit>

170

• Concretely, can advancements in energy correlator calculations give precision extraction of 
top quark mass? Need to improve understanding of multi-prong structure and boost

JET SUBSTRUCTURE : 
ELECTROWEAK SCALE AND NEW PHYSICS

<latexit sha1_base64="lgLuw2xaCcr8d5uPk8PzGPPNvjY="></latexit>

t

/40
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BOOSTED HIGGS JETS
34

<latexit sha1_base64="aPcydaSsDkPcNZWm9Gi6ZI5UkpU="></latexit>

H

<latexit sha1_base64="ANmFvSpyD9VTvs/f0LJYFhMFTE4="></latexit>

b

<latexit sha1_base64="3wmYxNy2AeRXQEiKfE7Ij9r/7MU="></latexit>

b̄

Large Boost
<latexit sha1_base64="NZ4fhwNwYd1wquC21/YFQC+h4YI="></latexit>

E � mH

<latexit sha1_base64="ANmFvSpyD9VTvs/f0LJYFhMFTE4="></latexit>

b

<latexit sha1_base64="3wmYxNy2AeRXQEiKfE7Ij9r/7MU="></latexit>

b̄

<latexit sha1_base64="aPcydaSsDkPcNZWm9Gi6ZI5UkpU="></latexit>

H

<latexit sha1_base64="ANmFvSpyD9VTvs/f0LJYFhMFTE4="></latexit>

b

<latexit sha1_base64="3wmYxNy2AeRXQEiKfE7Ij9r/7MU="></latexit>

b̄

<latexit sha1_base64="p9u2xp+RxmCICrF7Jk3ecN4y5NQ="></latexit>vs

• Can we discriminate scalar (Higgs) vs color octet vector (gluons) sourcing heavy quark pairs?

Can we do precision electroweak studies and constrain new physics? /40
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HIGGS AT REST
35

• Using “heavy flavor detector” vs “inclusive energy detector” clearly discriminates back-to-back 
region vs collinear emissions within b-jets.

Gao, KL, Zhang `26

Can we do precision electroweak studies and constrain new physics? /40
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BOOSTED HIGGS JETS
36

• Within boosted jets with two b quarks, radiation patterns 
are clearly distinguished depending on the source

Can we do precision electroweak studies and constrain new physics? /40

Gao, KL, Zhang `26
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BOOSTED HIGGS JETS
36

• Within boosted jets with two b quarks, radiation patterns 
are clearly distinguished depending on the source

Can we do precision electroweak studies and constrain new physics? /40

Gao, KL, Zhang `26
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WEIGHING TOP QUARK WITH ENERGY CORRELATORS

38

<latexit sha1_base64="ANmFvSpyD9VTvs/f0LJYFhMFTE4="></latexit>

b
<latexit sha1_base64="/620R2UsPdJMjpnWE6n0GfD+ofk="></latexit>

t
<latexit sha1_base64="0CFejvkrzQVpi/ShnlaYJe83Cdk="></latexit>

W+
Holguin, Moult, Pathak, Procura, Schöfbeck `24

Holguin, KL, Moult, Pathak [In Progress]

<latexit sha1_base64="d1XhimikK5iWZALkCV4ZYzN1pf8="></latexit>

170

• Three-point energy correlators can give measurements of top quark mass 
• Precise understanding of squeezed configuration important to understand

Can we do precision electroweak studies and constrain new physics?

<latexit sha1_base64="rdWsSmP4hxV2/rSzILlif7/3IO0="></latexit>

d�

dx12dz
⇠ H(Q,µ)

Z
d
2
be

�ibQ
p
1�z

J
[2]
q (b, x12, µ) Jq(b, µ)S(b, µ)

/40
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WEIGHING TOP QUARK WITH ENERGY CORRELATORS

38

<latexit sha1_base64="ANmFvSpyD9VTvs/f0LJYFhMFTE4="></latexit>

b
<latexit sha1_base64="/620R2UsPdJMjpnWE6n0GfD+ofk="></latexit>

t
<latexit sha1_base64="0CFejvkrzQVpi/ShnlaYJe83Cdk="></latexit>

W+

<latexit sha1_base64="d1XhimikK5iWZALkCV4ZYzN1pf8="></latexit>

170

• Three-point energy correlators can give measurements of top quark mass 
• Precise understanding of squeezed configuration important to understand

Can we do precision electroweak studies and constrain new physics?

<latexit sha1_base64="rdWsSmP4hxV2/rSzILlif7/3IO0="></latexit>

d�

dx12dz
⇠ H(Q,µ)

Z
d
2
be

�ibQ
p
1�z

J
[2]
q (b, x12, µ) Jq(b, µ)S(b, µ)

Carry out precision electroweak studies and explore applications to  
BSM searches using energy correlators!

/40

Holguin, Moult, Pathak, Procura, Schöfbeck `24
Holguin, KL, Moult, Pathak [In Progress]



IV. Heavy Flavor Jets

Overview
I. Universal Scaling

II. Precision SM

III. Confinement  
Dynamics

V. Electroweak and  
New physics

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�



Kyle Lee

RHIC

LHC

EIC
Primordial fluctuationsW

hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)

<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)
<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

<latexit sha1_base64="Twn7hVdtSqdzLyy4jg0HaCLoSQY="></latexit>

E(~n3)

Energy correlators provide sharp link between  
underlying field theory and real world!



Backup slides
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MANY MORE EXCITING PROPOSALS…
41

• Using di-hadron correlations, improve light-quark Yukawa coupling determinations

• Using nucleon-energy correlators, enable constraints on the light-quark dipole operators

Michel `25

Huang, Tong, Wang `25
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Clustering model
(Herwig)

DISCRIMINATING HADRONIZATION 
MECHANISMS

Lund string model 
(Pythia)

• Two-point charged correlators already nontrivially probe the two 
hadronization mechanisms by eye, and pave the path to go even beyond!

<latexit sha1_base64="jtxSzZLfk31uugBCZAeUxfy+bfI="></latexit>

Two-Point Kaon-Pion Correlators

<latexit sha1_base64="r6tgYQQPzRiOz+EG221XCsOMXF8="></latexit>

hEK+E⇡�i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="ZOI+xi3wcv8OywguMb8RbZf768U="></latexit>

hEK+E⇡+i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="4Bo8T9FoyKQlAUHBnZloU7DT0DU="></latexit>

pT � 600 GeV

0.001 0.005 0.010 0.050 0.100 0.500 1
0.3

0.4

0.5

0.6

0.7

<latexit sha1_base64="ns25WudzjRgxA2SUiN/VYEZtbSI="></latexit>

⇡�K+ Clustering

<latexit sha1_base64="mH5hf3yMpcOcR8Ohymcyjsl1w0o="></latexit>

⇡�K+ Lund string

32

EIC can discriminate this! KL, Moult, Song, Sterman [In Progress]
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<latexit sha1_base64="+DSnVxJVmzz/Xs4qYSpvIoDyc5s="></latexit>

hE (~n1)E (~n2)i TESTING THE QUANTUMNESS OF  
CONFINEMENT PROCESS

• By additionally probing spins of outgoing hadron 
pairs, we are able to determine whether the  
confinement process is quantum.

33

Kuk, KL, Michel, Sun `25
Casi, KL, Moult [In Progress]
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POWER CORRECTIONS
1. Measurements on Tracks
2. Power corrections
3. Improved perturbative accuracy

<latexit sha1_base64="3/VWH+cVOp8x8h2IuPjZ8XqR8ag="></latexit>

1

�

d�[N ]

dxL
=

1

�

d�̂[N ]

dxL
+

N

2N
⌦̄1q

Q (xL (1� xL))
3/2

Universal Power Corrections

<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)
<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)

<latexit sha1_base64="+GVZ/NvdL6SmxJVKROdujPOaDZY=">AAACNXicbVDNSsNAGNzUvxr/Wnv0EixCvYSkaPUiFL14rGBbsQ1hs9m0S3eTsLsRQ+izeNUn8Fk8eBOvvoKbNgfbOrAwzHwf3+x4MSVCWtaHVlpb39jcKm/rO7t7+weV6mFPRAlHuIsiGvEHDwpMSYi7kkiKH2KOIfMo7nuTm9zvP2EuSBTeyzTGDoOjkAQEQakkt1IbQhqPoSsazH08vbJMu3nuVuqWac1grBK7IHVQoONWNX3oRyhhOJSIQiEGthVLJ4NcEkTxVB8mAscQTeAIDxQNIcPCyWbpp8aJUnwjiLh6oTRm6t+NDDIhUuapSQblWCx7ufiv9zw/sKD5Ij+yqHlsKaEMLp2MhHEicYjmAYOEGjIy8goNn3CMJE0VgYgT9UcDjSGHSKqiddWevdzVKuk1Tbtltu7O6u3roscyOALHoAFscAHa4BZ0QBcgkIIX8AretHftU/vSvuejJa3YqYEFaD+/q1uqAg==</latexit>

↵s(mZ) = 0.125
<latexit sha1_base64="etCnjIkNvFl9XMkvnUSubR4EPW4=">AAACNXicbVDLSsNAFJ3UV42v1i7dBItQNyERrW6EohuXFewD2xAmk0k7dCYJMxMxhH6LW/0Cv8WFO3HrLzhps7CtBwYO59zLPXO8mBIhLetDK62tb2xulbf1nd29/YNK9bArooQj3EERjXjfgwJTEuKOJJLifswxZB7FPW9ym/u9J8wFicIHmcbYYXAUkoAgKJXkVmpDSOMxdEWDuY+n15Zp2xdupW6Z1gzGKrELUgcF2m5V04d+hBKGQ4koFGJgW7F0MsglQRRP9WEicAzRBI7wQNEQMiycbJZ+apwoxTeCiKsXSmOm/t3IIBMiZZ6aZFCOxbKXi/96z/MDC5ov8iOLmseWEsrgyslIGCcSh2geMEioISMjr9DwCcdI0lQRiDhRfzTQGHKIpCpaV+3Zy12tku6ZaTfN5v15vXVT9FgGR+AYNIANLkEL3IE26AAEUvACXsGb9q59al/a93y0pBU7NbAA7ecXqZ2qAQ==</latexit>

↵s(mZ) = 0.115
<latexit sha1_base64="sYz3ZJ2oMBeqEHRfbZnTHKh6EwM=">AAACNXicbVDLSsNAFJ3UV42v1i7dBItQNyERrW6EohuXFewD2xAmk0k7dCYJMxMxhH6LW/0Cv8WFO3HrLzhps7CtBwYO59zLPXO8mBIhLetDK62tb2xulbf1nd29/YNK9bArooQj3EERjXjfgwJTEuKOJJLifswxZB7FPW9ym/u9J8wFicIHmcbYYXAUkoAgKJXkVmpDSOMxdEWDuY+n15ZpWxdupW6Z1gzGKrELUgcF2m5V04d+hBKGQ4koFGJgW7F0MsglQRRP9WEicAzRBI7wQNEQMiycbJZ+apwoxTeCiKsXSmOm/t3IIBMiZZ6aZFCOxbKXi/96z/MDC5ov8iOLmseWEsrgyslIGCcSh2geMEioISMjr9DwCcdI0lQRiDhRfzTQGHKIpCpaV+3Zy12tku6ZaTfN5v15vXVT9FgGR+AYNIANLkEL3IE26AAEUvACXsGb9q59al/a93y0pBU7NbAA7ecXp9+qAA==</latexit>

↵s(mZ) = 0.105

<latexit sha1_base64="72DOo0niVJEBGs8OK03TDiqyKko=">AAACLXicbVDJSgNBFOyJW4xbokcvg0GIlzAjEj0GPegxAbNAMoSenjdJk57F7jeSMOQ7vOoX+DUeBPHqb9hZDiaxoKGoeo9XXW4suELL+jQyG5tb2zvZ3dze/sHhUb5w3FRRIhk0WCQi2XapAsFDaCBHAe1YAg1cAS13eDf1W88gFY/CRxzH4AS0H3KfM4pacuqlLsII03toTi56+aJVtmYw14m9IEWyQK1XMHJdL2JJACEyQZXq2FaMTkolciZgkusmCmLKhrQPHU1DGoBy0lnqiXmuFc/0I6lfiOZM/buR0kCpceDqyYDiQK16U/FfbzQ/sKR5anpkWXODlYTo3zgpD+MEIWTzgH4iTIzMaXWmxyUwFGNNKJNc/9FkAyopQ11wTrdnr3a1TpqXZbtSrtSvitXbRY9ZckrOSInY5JpUyQOpkQZh5Im8kFfyZrwbH8aX8T0fzRiLnROyBOPnFzV9qHQ=</latexit>

Q(GeV)

<latexit sha1_base64="WIO8AOSpQRYsBZfhtVZ0yHkeIrY=">AAACOnicbVDLSgNBEJz1bXwlehG8DAbBU9xViR7FEPAY0UTBhDA76dUhszvLTK8kLPFrvOoX+CNevYlXP8DZJAcTLWgoqrrp7vJjKQy67rszMzs3v7C4tJxbWV1b38gXNhtGJZpDnSup9K3PDEgRQR0FSriNNbDQl3DjdyuZf/MI2ggVXWM/hlbI7iMRCM7QSu38dhOhh+mVVDFQFdC4elQ5qFYrg3a+6JbcIehf4o1JkYxRaxecXLOjeBJChFwyY+48N8ZWyjQKLmGQayYGYsa77B7uLI1YCKaVDl8Y0D2rdGigtK0I6VD9PZGy0Jh+6NvOkOGDmfYy8V+vN1owoXVMtmRS88OpCzE4baUiihOEiI8ODBJJUdEsR9oRGjjKviWMa2F/pPyBacbRpp2z6XnTWf0ljcOSVy6VL4+LZ+fjHJfIDtkl+8QjJ+SMXJAaqRNOnsgzeSGvzpvz4Xw6X6PWGWc8s0Um4Hz/AOBirK4=</latexit> S
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<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0
<latexit sha1_base64="zEwPLln906OEe+Ba9OTG0wJuIqI=">AAACI3icbVDLTgIxFG3xhfgCXbppJCauyIxRdEl04xKjPBKYkE6nAw1tZ9J2jGTCJ7jVL/Br3Bk3LvwXOzALAU/S5OSce3NPjx9zpo3jfMPC2vrG5lZxu7Szu7d/UK4ctnWUKEJbJOKR6vpYU84kbRlmOO3GimLhc9rxx7eZ33miSrNIPppJTD2Bh5KFjGBjpYdLxxmUq07NmQGtEjcnVZCjOajAUj+ISCKoNIRjrXuuExsvxcowwum01E80jTEZ4yHtWSqxoNpLZ1mn6NQqAQojZZ80aKb+3Uix0HoifDspsBnpZS8T//We5wcWtEBnRxY1XywlNOG1lzIZJ4ZKMg8YJhyZCGWFoYApSgyfWIKJYvaPiIywwsTYWku2PXe5q1XSPq+59Vr9/qLauMl7LIJjcALOgAuuQAPcgSZoAQKG4AW8gjf4Dj/gJ/yajxZgvnMEFgB/fgFsMaPo</latexit>

500
<latexit sha1_base64="o929K1zVXhdABFs4F4VlVC4FBHE=">AAACJHicbVDLSgMxFE3qq46vVpdugkVwVTIi1WXRjcsK9gHtUDKZTBuayQxJRixDf8GtfoFf405cuPFbzLSzsK0HAodz7uWeHD8RXBuMv2FpY3Nre6e86+ztHxweVarHHR2nirI2jUWsej7RTHDJ2oYbwXqJYiTyBev6k7vc7z4xpXksH800YV5ERpKHnBKTSy7GeFip4TqeA60TtyA1UKA1rEJnEMQ0jZg0VBCt+y5OjJcRZTgVbOYMUs0SQidkxPqWShIx7WXzsDN0bpUAhbGyTxo0V/9uZCTSehr5djIiZqxXvVz813teHFjSAp0fWdb8aCWhCW+8jMskNUzSRcAwFcjEKG8MBVwxasTUEkIVt39EdEwUocb26tj23NWu1knnsu426o2Hq1rztuixDE7BGbgALrgGTXAPWqANKBiDF/AK3uA7/ICf8GsxWoLFzglYAvz5Bd5XpB4=</latexit>

1000
<latexit sha1_base64="FQerMsquIg0rNhHVZ3hfZZx1Mgw=">AAACJHicbVDLSgMxFE3qq46vVpdugkVwVWZEq8uiG5cV7APaoWQymTY0yQxJRixDf8GtfoFf405cuPFbzLSzsNUDgcM593JPTpBwpo3rfsHS2vrG5lZ529nZ3ds/qFQPOzpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk9vc7z5SpVksH8w0ob7AI8kiRrDJJe/SdYeVmlt350B/iVeQGijQGlahMwhjkgoqDeFY677nJsbPsDKMcDpzBqmmCSYTPKJ9SyUWVPvZPOwMnVolRFGs7JMGzdXfGxkWWk9FYCcFNmO96uXiv97T4sCSFur8yLIWiJWEJrr2MyaT1FBJFgGjlCMTo7wxFDJFieFTSzBRzP4RkTFWmBjbq2Pb81a7+ks653WvUW/cX9SaN0WPZXAMTsAZ8MAVaII70AJtQMAYPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D+cSpCM=</latexit>

1500
<latexit sha1_base64="qK3dcnNNMEvyi58bgGX1X8Yb2FA=">AAACJHicbVDLSgMxFE181vHV6tJNsAiuSqZIdVl047KCfUA7lEwm04ZmMkOSEcvQX3CrX+DXuBMXbvwWM+0sbOuBwOGce7knx08E1wbjb7ixubW9s1vac/YPDo+Oy5WTjo5TRVmbxiJWPZ9oJrhkbcONYL1EMRL5gnX9yV3ud5+Y0jyWj2aaMC8iI8lDTonJpTrGeFiu4hqeA60TtyBVUKA1rEBnEMQ0jZg0VBCt+y5OjJcRZTgVbOYMUs0SQidkxPqWShIx7WXzsDN0YZUAhbGyTxo0V/9uZCTSehr5djIiZqxXvVz813teHFjSAp0fWdb8aCWhCW+8jMskNUzSRcAwFcjEKG8MBVwxasTUEkIVt39EdEwUocb26tj23NWu1kmnXnMbtcbDVbV5W/RYAmfgHFwCF1yDJrgHLdAGFIzBC3gFb/AdfsBP+LUY3YDFzilYAvz5BeAXpB8=</latexit>

2000

<latexit sha1_base64="WB4z/DXD1Uax7OQVo5NtQ0la5is=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVjdKPj</latexit>

0.2

<latexit sha1_base64="cupTaqvMMBWjW6iyQGmibupHGEU=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCWACmMFC2MR9CG1UeU4TmvVdiLbQVRRP4EVvoCvYUMsDPwLTpuBthzJ0tE59+oenyBhVGnX/YaltfWNza3ytrWzu7d/UKketlWcSkxaOGax7AZIEUYFaWmqGekmkiAeMNIJxre533kiUtFYPOpJQnyOhoJGFCNtpAfXuRhUaq7jzmCvEq8gNVCgOahCqx/GOOVEaMyQUj3PTbSfIakpZmRq9VNFEoTHaEh6hgrEifKzWdapfWqU0I5iaZ7Q9kz9u5EhrtSEB2aSIz1Sy14u/us9zw8saKHKjyxqAV9KqKNrP6MiSTUReB4wSpmtYzsvzA6pJFiziSEIS2r+aOMRkghrU6tl2vOWu1ol7XPHqzv1+8ta46bosQyOwQk4Ax64Ag1wB5qgBTAYghfwCt7gO/yAn/BrPlqCxc4RWAD8+QVlMaPk</latexit>

0.3

<latexit sha1_base64="+EkKRWbT3B7s9tDnrPZuCkz9ZZw=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCWoKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOpe227Ab9/Va86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVm7qPl</latexit>

0.4

<latexit sha1_base64="Ih8At/2tLqvnMO9ZPrViqjY0ESk=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCUICmMFC2MR9CG1UeU4TmvVdiLbQVRRP4EVvoCvYUMsDPwLTpuBthzJ0tE59+oenyBhVGnX/YaltfWNza3ytrWzu7d/UKketlWcSkxaOGax7AZIEUYFaWmqGekmkiAeMNIJxre533kiUtFYPOpJQnyOhoJGFCNtpAfXuRxUaq7jzmCvEq8gNVCgOahCqx/GOOVEaMyQUj3PTbSfIakpZmRq9VNFEoTHaEh6hgrEifKzWdapfWqU0I5iaZ7Q9kz9u5EhrtSEB2aSIz1Sy14u/us9zw8saKHKjyxqAV9KqKNrP6MiSTUReB4wSpmtYzsvzA6pJFiziSEIS2r+aOMRkghrU6tl2vOWu1ol7XPHqzv1+4ta46bosQyOwQk4Ax64Ag1wB5qgBTAYghfwCt7gO/yAn/BrPlqCxc4RWAD8+QVoq6Pm</latexit>

0.5

<latexit sha1_base64="Be8q+qJK2SFymdfP2SwHktnY1dg=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3n1geVmud6c6C/xC9IDRRoDqrQ6UcJyQSVhnCsdc/3UhNMsTKMcDpz+pmmKSZjPKQ9SyUWVAfTedYZOrVKhOJE2ScNmqu/N6ZYaD0RoZ0U2Iz0qpeL/3pPiwNLWqTzI8taKFYSmvgqmDKZZoZKsggYZxyZBOWFoYgpSgyfWIKJYvaPiIywwsTYWh3bnr/a1V/SPnf9ulu/u6g1rosey+AYnIAz4INL0AC3oAlagIAheAYv4BW+wXf4AT8XoyVY7ByBJcDvH2poo+c=</latexit>

0.6

<latexit sha1_base64="ANrgXaCxhHkRORiFc0wY5RTZvR0=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2vVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVlM6Pk</latexit>

1.2
<latexit sha1_base64="3uA5JlJkCicwobDlk4IpfITAzMs=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3v+oNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2N2o+M=</latexit>

1.1
<latexit sha1_base64="sLKaL536+CtlCpsMMiyOHP4OC2U=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3veoNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2G5o+I=</latexit>

1.0
<latexit sha1_base64="5ixem1fWrjnuE0G+O43JmO/84nQ=">AAACI3icbVC7TsMwFLXLq4RXCyNLRIXEFCUIFdgqWBiLoA+pjSrHcVqrthPZDqKK+gms8AV8DRtiYeBfcNoMtOVIlo7OuVf3+AQJo0q77jcsra1vbG6Vt62d3b39g0r1sK3iVGLSwjGLZTdAijAqSEtTzUg3kQTxgJFOML7N/c4TkYrG4lFPEuJzNBQ0ohhpIz24zvWgUnMddwZ7lXgFqYECzUEVWv0wxiknQmOGlOp5bqL9DElNMSNTq58qkiA8RkPSM1QgTpSfzbJO7VOjhHYUS/OEtmfq340McaUmPDCTHOmRWvZy8V/veX5gQQtVfmRRC/hSQh1d+RkVSaqJwPOAUcpsHdt5YXZIJcGaTQxBWFLzRxuPkERYm1ot05633NUqaZ87Xt2p31/UGjdFj2VwDE7AGfDAJWiAO9AELYDBELyAV/AG3+EH/IRf89ESLHaOwALgzy9vn6Pq</latexit>

0.9
<latexit sha1_base64="bvcXl3n0Pqz66IFmtWIPhg8Bfdo=">AAACI3icbVC7TsMwFHXKq4RXCyOLRYXEFCUIlY4VLIxF0IfURpXjOK1V24lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fIKEUaVd99sqbWxube+Ud+29/YPDo0r1uKPiVGLSxjGLZS9AijAqSFtTzUgvkQTxgJFuMLnN/e4TkYrG4lFPE+JzNBI0ohhpIz24TmNYqbmOOwdcJ15BaqBAa1i17EEY45QToTFDSvU9N9F+hqSmmJGZPUgVSRCeoBHpGyoQJ8rP5lln8NwoIYxiaZ7QcK7+3cgQV2rKAzPJkR6rVS8X//WeFweWtFDlR5a1gK8k1FHDz6hIUk0EXgSMUgZ1DPPCYEglwZpNDUFYUvNHiMdIIqxNrbZpz1vtap10Lh2v7tTvr2rNm6LHMjgFZ+ACeOAaNMEdaIE2wGAEXsAreLPerQ/r0/pajJasYucELMH6+QVt4qPp</latexit>

0.8

<latexit sha1_base64="2lHwROS04BmYh1gtB/ExRuSCFDQ=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl04xITeSSUkOlwgQkzbTNza8Cm/+JWv8BfcePOuPUTHKALAU8yyck59+aeOX4kuEbH+bDW1jc2t7ZzO/ndvf2Dw0LxqKHDWDGos1CEquVTDYIHUEeOAlqRAip9AU1/dDf1m0+gNA+DR5xE0JF0EPA+ZxSN1C2ceAhjTDyQ0TCpTXDIaZp2CyWn7MxgrxI3IyWSodYtWnmvF7JYQoBMUK3brhNhJ6EKOROQ5r1YQ0TZiA6gbWhAJehOMouf2udG6dn9UJkXoD1T/24kVGo9kb6ZlBSHetmbiv964/mBBa2np0cWNV8uJcT+TSfhQRQjBGwesB8LG0N72qHd4woYiokhlClu/mizIVWUoWk6b9pzl7taJY3LslspVx6uStXbrMccOSVn5IK45JpUyT2pkTph5Jm8kFfyZr1bn9aX9T0fXbOynWOyAOvnF4INrLQ=</latexit>

Pythia
<latexit sha1_base64="/AOr5OUA8+L5bdaKqpkiVPmg3UE=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl0wxITeSRAyHS4wISZtpm5VbDhX9zqF/grbtwZt36CU+hCwJNMcnLOvblnjhcKrtFxPqy19Y3Nre3MTnZ3b//gMJc/qusgUgxqLBCBanpUg+A+1JCjgGaogEpPQMMb3SV+4xGU5oH/gJMQOpIOfN7njKKRurmTNsIY4zbIcBhXQD3xwXTazRWcojODvUrclBRIimo3b2XbvYBFEnxkgmrdcp0QOzFVyJmAabYdaQgpG9EBtAz1qQTdiWfxp/a5UXp2P1Dm+WjP1L8bMZVaT6RnJiXFoV72EvFfbzw/sKD1dHJkUfPkUkLs33Ri7ocRgs/mAfuRsDGwkw7tHlfAUEwMoUxx80ebDamiDE3TWdOeu9zVKqlfFt1SsXR/VSjfpj1myCk5IxfEJdekTCqkSmqEkWfyQl7Jm/VufVpf1vd8dM1Kd47JAqyfX3H2rKs=</latexit>

Herwig

<latexit sha1_base64="S+1p41zr+D5FlJOXd6a9ZiPAM7w="></latexit>
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<latexit sha1_base64="I6/V1qOkvQzG/1VrfLFhvQ8ZJq8=">AAACJ3icbVDLSsNAFJ3UV42vVpduBosgiCURqS6LblxWsA9o0zKZ3LRDJw9mJmIJ/Qi3+gV+jTvRpX/ipM3Cth4YOJxzL/fMcWPOpLKsb6Owtr6xuVXcNnd29/YPSuXDlowSQaFJIx6JjkskcBZCUzHFoRMLIIHLoe2O7zK//QRCsih8VJMYnIAMQ+YzSpSW2tA/h/4FHpQqVtWaAa8SOycVlKMxKBtmz4toEkCoKCdSdm0rVk5KhGKUw9TsJRJiQsdkCF1NQxKAdNJZ3ik+1YqH/UjoFyo8U/9upCSQchK4ejIgaiSXvUz813ueH1jQPJkdWdTcYCmh8m+clIVxoiCk84B+wrGKcFYa9pgAqvhEE0IF03/EdEQEoUpXa+r27OWuVknrsmrXqrWHq0r9Nu+xiI7RCTpDNrpGdXSPGqiJKBqjF/SK3ox348P4NL7mowUj3zlCCzB+fgF60aV5</latexit>

e+e�in the collinear limit exhibits same  
universal behavior as hadron jets

At Q=1000, 10% impact of  power correction

<latexit sha1_base64="AQiCGc8xyniiNYTX1M1VP7Rou3A=">AAACRXicbVDLSgNBEJyN7/iMHr0MBiGihF2R6DHoxUPwhYlCEsLspJMMzuwuM72SsOQD/Bqv+gV+gx/hTbzq5HEw0YKBmqpuurv8SAqDrvvupGZm5+YXFpfSyyura+sbmc2KCWPNocxDGep7nxmQIoAyCpRwH2lgypdw5z+cDfy7R9BGhMEt9iKoK9YOREtwhlZqbGRrCF1Mbg7oRanU3x/9SpeWXSpos9xNw92zVW7eHYL+Jd6YZMkYV42Mk641Qx4rCJBLZkzVcyOsJ0yj4BL66VpsIGL8gbWhamnAFJh6MrymT3et0qStUNsXIB2qvzsSpozpKd9WKoYdM+0NxH+97mjAhNY0gyGTmq+mNsTWST0RQRQjBHy0YCuWFEM6iJQ2hQaOsmcJ41rYGynvMM042uDTNj1vOqu/pHKY9wr5wvVRtng6znGRbJMdkiMeOSZFck6uSJlw8kSeyQt5dd6cD+fT+RqVppxxzxaZgPP9A3posOI=</latexit>

R, NLL + LO+ ⌦(R0)
<latexit sha1_base64="4fAmQscge4yHNEi9tQL3y/MwjCA=">AAACOXicbVDLSgMxFM34rOOr1YULN8EiCEqZEakui25cFK1iH9CWkknTNjTzILkjLcN8jVv9Ar/EpTtx6w+YaWdhWw8ETs65l3vvcQLBFVjWh7G0vLK6tp7ZMDe3tnd2s7m9mvJDSVmV+sKXDYcoJrjHqsBBsEYgGXEdwerO8Cbx689MKu57TzAOWNslfY/3OCWgpU72oAVsBNHjGb4rl+PT6a98H3eyeatgTYAXiZ2SPEpR6eQMs9X1aegyD6ggSjVtK4B2RCRwKlhstkLFAkKHpM+amnrEZaodTS6I8bFWurjnS/08wBP1b0dEXKXGrqMrXQIDNe8l4r/eaDpgRuuqZMis5rhzG0Lvqh1xLwiBeXS6YC8UGHycxIi7XDIKYqwJoZLrGzEdEEko6LBNnZ49n9UiqZ0X7GKh+HCRL12nOWbQITpCJ8hGl6iEblEFVRFFMXpBr+jNeDc+jS/je1q6ZKQ9+2gGxs8v7N2syA==</latexit>

R, NLL + LO

<latexit sha1_base64="lbprY8afGVz7hgOuv/z4CXlrknA=">AAACLnicbVDLSgMxFM34rPXV6tJNsAiCtcyIVDdC0Y3LFuwD+yKT3rahycyQZMQy9D/c6hf4NYILcetnmGlnYVsPBA7n3Ms9OW7AmdK2/WmtrK6tb2ymttLbO7t7+5nsQU35oaRQpT73ZcMlCjjzoKqZ5tAIJBDhcqi7o7vYrz+BVMz3HvQ4gLYgA4/1GSXaSB3onEHnPN/KV25E97GbydkFewq8TJyE5FCCcjdrpVs9n4YCPE05Uarp2IFuR0RqRjlM0q1QQUDoiAygaahHBKh2NI09wSdG6eG+L83zNJ6qfzciIpQaC9dMCqKHatGLxX+959mBOa2n4iPzmisWEur+dTtiXhBq8OgsYD/kWPs47g73mASq+dgQQiUzf8R0SCSh2jScNu05i10tk9pFwSkWipXLXOk26TGFjtAxOkUOukIldI/KqIookugFvaI36936sL6s79noipXsHKI5WD+/iwuoBw==</latexit>

e+e�, Q = mZ

<latexit sha1_base64="+k5vcYTn9uU2ra7J/iWfPQhK4do=">AAACOHicbVBNS8NAEN34WetXVfDiJVgEvZREpHoUvXjwUMFqwZYw2Wzs0t1N2J2IJfbPeNVf4D/x5k28+gvctD3Y6oOBx3szzMwLU8ENet67MzM7N7+wWFoqL6+srq1XNjZvTJJpypo0EYluhWCY4Io1kaNgrVQzkKFgt2HvvPBvH5g2PFHX2E9ZR8K94jGngFYKKttt7DKE4HK/rWWuIeKgzOAgqFS9mjeE+5f4Y1IlYzSCDafcjhKaSaaQCjDmzvdS7OSgkVPBBuV2ZlgKtAf37M5SBZKZTj58YODuWSVy40TbUugO1d8TOUhj+jK0nRKwa6a9QvzXexwtmNAiUyyZ1EI5dSHGJ52cqzRDpujowDgTLiZukaIbcc0oir4lQDW3P7q0Cxoo2qzLNj1/Oqu/5Oaw5tdr9auj6unZOMcS2SG7ZJ/45JickgvSIE1CyRN5Ji/k1XlzPpxP52vUOuOMZ7bIBJzvH9EVrMU=</latexit>

✓L(radians)

<latexit sha1_base64="2lHwROS04BmYh1gtB/ExRuSCFDQ=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl04xITeSSUkOlwgQkzbTNza8Cm/+JWv8BfcePOuPUTHKALAU8yyck59+aeOX4kuEbH+bDW1jc2t7ZzO/ndvf2Dw0LxqKHDWDGos1CEquVTDYIHUEeOAlqRAip9AU1/dDf1m0+gNA+DR5xE0JF0EPA+ZxSN1C2ceAhjTDyQ0TCpTXDIaZp2CyWn7MxgrxI3IyWSodYtWnmvF7JYQoBMUK3brhNhJ6EKOROQ5r1YQ0TZiA6gbWhAJehOMouf2udG6dn9UJkXoD1T/24kVGo9kb6ZlBSHetmbiv964/mBBa2np0cWNV8uJcT+TSfhQRQjBGwesB8LG0N72qHd4woYiokhlClu/mizIVWUoWk6b9pzl7taJY3LslspVx6uStXbrMccOSVn5IK45JpUyT2pkTph5Jm8kFfyZr1bn9aX9T0fXbOynWOyAOvnF4INrLQ=</latexit>

Pythia
<latexit sha1_base64="/AOr5OUA8+L5bdaKqpkiVPmg3UE=">AAACNnicbVDLTsJAFJ36RHyBunPTSExckdYYdEl0wxITeSRAyHS4wISZtpm5VbDhX9zqF/grbtwZt36CU+hCwJNMcnLOvblnjhcKrtFxPqy19Y3Nre3MTnZ3b//gMJc/qusgUgxqLBCBanpUg+A+1JCjgGaogEpPQMMb3SV+4xGU5oH/gJMQOpIOfN7njKKRurmTNsIY4zbIcBhXQD3xwXTazRWcojODvUrclBRIimo3b2XbvYBFEnxkgmrdcp0QOzFVyJmAabYdaQgpG9EBtAz1qQTdiWfxp/a5UXp2P1Dm+WjP1L8bMZVaT6RnJiXFoV72EvFfbzw/sKD1dHJkUfPkUkLs33Ri7ocRgs/mAfuRsDGwkw7tHlfAUEwMoUxx80ebDamiDE3TWdOeu9zVKqlfFt1SsXR/VSjfpj1myCk5IxfEJdekTCqkSmqEkWfyQl7Jm/VufVpf1vd8dM1Kd47JAqyfX3H2rKs=</latexit>

Herwig
<latexit sha1_base64="QrH+5UfaiVm3f/rDnb55c7xgqR8=">AAACM3icbVDLTsJAFJ3iC+sLdOmmkZjghrRqUHaoGxcmYiKPBBoynQ4wYfrIzK1CGj7FrX6BH2PcGbf+g1PoQsCTTHJyzr25Z44TcibBND+0zMrq2vpGdlPf2t7Z3cvl9xsyiAShdRLwQLQcLClnPq0DA05boaDYczhtOsObxG8+USFZ4D/COKS2h/s+6zGCQUndXL4DdATxfe3qrmhVKmcnk26uYJbMKYxlYqWkgFLUunlN77gBiTzqA+FYyrZlhmDHWAAjnE70TiRpiMkQ92lbUR97VNrxNPvEOFaKa/QCoZ4PxlT9uxFjT8qx56hJD8NALnqJ+K83mh2Y01yZHJnXHG8hIfQu7Zj5YQTUJ7OAvYgbEBhJgYbLBCXAx4pgIpj6o0EGWGACqmZdtWctdrVMGqclq1wqP5wXqtdpj1l0iI5QEVnoAlXRLaqhOiLoGb2gV/SmvWuf2pf2PRvNaOnOAZqD9vMLjj2pfA==</latexit>

OPAL(1993)

<latexit sha1_base64="6DVc8fw2NqlTDUvGaBDGl1UUi4c="></latexit>

2N
1

�

d�[N ]

d✓L

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="XRYa/KXh1FTBQjpIxiDyfL/TzDI=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZUqsuiG5ct2Ae0Q8lkMm1okhmSjFhKv8CtfoFf407ciT9jpp2FbT0QOJxzL/fkBAln2rjuNyxsbG5t7xR3nb39g8OjUvm4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wvs/8zhNVmsXy0UwS6gs8lCxiBBsrNa8GpYpbdedA68TLSQXkaAzK0OmHMUkFlYZwrHXPcxPjT7EyjHA6c/qppgkmYzykPUslFlT703nSGTq3SoiiWNknDZqrfzemWGg9EYGdFNiM9KqXif96z4sDS1qosyPLWiBWEpro1p8ymaSGSrIIGKUcmRhldaGQKUoMn1iCiWL2j4iMsMLE2FId25632tU6aV9WvVq11ryu1O/yHovgFJyBC+CBG1AHD6ABWoAACl7AK3iD7/ADfsKvxWgB5jsnYAnw5xd28qNy</latexit>

3

<latexit sha1_base64="46apvGdOrpmE0tNtDjm/A5UOBB0=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtb1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBzeKNw</latexit>

1

<latexit sha1_base64="oz8lyYpamctkRBYr3s1Fcg8Paik=">AAACIXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNFqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsL23ogcDjnXu7J8WPOtHGcb1jY2t7Z3Svulw4Oj45PypXTro4SRWiHRDxSfR9rypmkHcMMp/1YUSx8Tnv+9D7ze09UaRbJRzOLqSfwWLKQEWys1K6PylWn5iyANombkyrI0RpVYGkYRCQRVBrCsdYD14mNl2JlGOF0XhommsaYTPGYDiyVWFDtpYukc3RplQCFkbJPGrRQ/26kWGg9E76dFNhM9LqXif96z8sDK1qgsyOrmi/WEprw1kuZjBNDJVkGDBOOTISyulDAFCWGzyzBRDH7R0QmWGFibKkl25673tUm6dZrbqPWaF9Xm3d5j0VwDi7AFXDBDWiCB9ACHUAABS/gFbzBd/gBP+HXcrQA850zsAL48wt1NaNx</latexit>

2

<latexit sha1_base64="oldeFIRjF2AJu9VuuuRh9IOr6LA=">AAACHXicbVDLTgIxFL2DLxxf4NZNIzFxRWaMQZdENy4xkUcCE9LpdKCh7UzajpEQvsCtfoFf484tf2MHZiHgSZqcnHNv7ukJU8608byFU9rZ3ds/KB+6R8cnp2cVt9rRSaYIbZOEJ6oXYk05k7RtmOG0lyqKRchpN5w85n73lSrNEvlipikNBB5JFjOCjZWeb4eVmlf3lkDbxC9IDQq0hlXHHUQJyQSVhnCsdd/3UhPMsDKMcDp3B5mmKSYTPKJ9SyUWVAezZdI5urJKhOJE2ScNWqp/N2ZYaD0VoZ0U2Iz1ppeL/3pvqwNrWqTzI+taKDYSmvg+mDGZZoZKsgoYZxyZBOV1oYgpSgyfWoKJYvaPiIyxwsTYUl3bnr/Z1Tbp3NT9Rr1Raz4ULZbhAi7hGny4gyY8QQvaQIDCO3zAp/PlfDs/q8GSU2ycwxqcxS+tW6IQ</latexit>

4

<latexit sha1_base64="Pi7ZsuXSV68ijUAfPqhJVcxIPqc=">AAACIXicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5ct2Ae0Q8lkMm1okhmSjFiGfoFb/QK/xp24E3/GTDsLWz0QOJxzL/fkBAln2rjuFyxtbG5t75R3nb39g8OjSvW4q+NUEdohMY9VP8CaciZpxzDDaT9RFIuA014wvcv93iNVmsXywcwS6gs8lixiBBsrtd1RpebW3QXQX+IVpAYKtEZV6AzDmKSCSkM41nrguYnxM6wMI5zOnWGqaYLJFI/pwFKJBdV+tkg6R+dWCVEUK/ukQQv190aGhdYzEdhJgc1Er3u5+K/3tDywooU6P7KqBWItoYlu/IzJJDVUkmXAKOXIxCivC4VMUWL4zBJMFLN/RGSCFSbGlurY9rz1rv6S7mXda9Qb7ata87bosQxOwRm4AB64Bk1wD1qgAwig4Bm8gFf4Bt/hB/xcjpZgsXMCVgC/fwBxu6Nv</latexit>

0

<latexit sha1_base64="sLKaL536+CtlCpsMMiyOHP4OC2U=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3veoNKzXO9OdBf4hekBgo0B1Xo9KOEZIJKQzjWuud7qQmmWBlGOJ05/UzTFJMxHtKepRILqoPpPOsMnVolQnGi7JMGzdXfG1MstJ6I0E4KbEZ61cvFf72nxYElLdL5kWUtFCsJTXwVTJlMM0MlWQSMM45MgvLCUMQUJYZPLMFEMftHREZYYWJsrY5tz1/t6i9pn7t+3a3fXdQa10WPZXAMTsAZ8MElaIBb0AQtQMAQPIMX8Arf4Dv8gJ+L0RIsdo7AEuD3D2G5o+I=</latexit>

1.0
<latexit sha1_base64="bvcXl3n0Pqz66IFmtWIPhg8Bfdo=">AAACI3icbVC7TsMwFHXKq4RXCyOLRYXEFCUIlY4VLIxF0IfURpXjOK1V24lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fIKEUaVd99sqbWxube+Ud+29/YPDo0r1uKPiVGLSxjGLZS9AijAqSFtTzUgvkQTxgJFuMLnN/e4TkYrG4lFPE+JzNBI0ohhpIz24TmNYqbmOOwdcJ15BaqBAa1i17EEY45QToTFDSvU9N9F+hqSmmJGZPUgVSRCeoBHpGyoQJ8rP5lln8NwoIYxiaZ7QcK7+3cgQV2rKAzPJkR6rVS8X//WeFweWtFDlR5a1gK8k1FHDz6hIUk0EXgSMUgZ1DPPCYEglwZpNDUFYUvNHiMdIIqxNrbZpz1vtap10Lh2v7tTvr2rNm6LHMjgFZ+ACeOAaNMEdaIE2wGAEXsAreLPerQ/r0/pajJasYucELMH6+QVt4qPp</latexit>

0.8
<latexit sha1_base64="Be8q+qJK2SFymdfP2SwHktnY1dg=">AAACI3icbVDLSgMxFE3qq46vVpdugkVwNcyIVJdFNy4r2ge0Q8lkMm1okhmSjFhKP8GtfoFf407cuPBfzLSzsNUDgcM593JPTphypo3nfcHS2vrG5lZ529nZ3ds/qFQP2zrJFKEtkvBEdUOsKWeStgwznHZTRbEIOe2E45vc7zxSpVkiH8wkpYHAQ8liRrCx0r3n1geVmud6c6C/xC9IDRRoDqrQ6UcJyQSVhnCsdc/3UhNMsTKMcDpz+pmmKSZjPKQ9SyUWVAfTedYZOrVKhOJE2ScNmqu/N6ZYaD0RoZ0U2Iz0qpeL/3pPiwNLWqTzI8taKFYSmvgqmDKZZoZKsggYZxyZBOWFoYgpSgyfWIKJYvaPiIywwsTYWh3bnr/a1V/SPnf9ulu/u6g1rosey+AYnIAz4INL0AC3oAlagIAheAYv4BW+wXf4AT8XoyVY7ByBJcDvH2poo+c=</latexit>

0.6
<latexit sha1_base64="+EkKRWbT3B7s9tDnrPZuCkz9ZZw=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCWoKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOpe227Ab9/Va86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVm7qPl</latexit>

0.4
<latexit sha1_base64="WB4z/DXD1Uax7OQVo5NtQ0la5is=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEFCUVKowVLIxF0IfURpXjOK1VO4lsB1FF/QRW+AK+hg2xMPAvOG0G2nIkS0fn3Kt7fPyEM6Ud5xuWNja3tnfKu9be/sHhUaV63FFxKgltk5jHsudjRTmLaFszzWkvkRQLn9OuP7nN/e4TlYrF0aOeJtQTeBSxkBGsjfTg2PVhpebYzhxonbgFqYECrWEVWoMgJqmgkSYcK9V3nUR7GZaaEU5n1iBVNMFkgke0b2iEBVVeNs86Q+dGCVAYS/Mijebq340MC6WmwjeTAuuxWvVy8V/veXFgSQtUfmRZ88VKQh1eexmLklTTiCwChilHOkZ5YShgkhLNp4ZgIpn5IyJjLDHRplbLtOeudrVOOnXbbdiN+8ta86bosQxOwRm4AC64Ak1wB1qgDQgYgRfwCt7gO/yAn/BrMVqCxc4JWAL8+QVjdKPj</latexit>

0.2

Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="vecReR01/ad1nZqVbio6Vz4ghtI="></latexit>

E(~n1)

<latexit sha1_base64="m2GzO6gsXZ6tKUyB9t/unIWYnMU="></latexit>

E(~n2)

<latexit sha1_base64="zw38n7Possu9neeFiU7lOYDevTk=">AAACOXicbVDLTsJAFJ3iC+sLdOHCTSMxcUVaQ9Ql0Y1LTOSRUEKm0wtMmD4yc2sgTb/GrX6BX+LSnXHrDzgFFgKeZJKTcx/nzvFiwRXa9odR2Njc2t4p7pp7+weHR6XycUtFiWTQZJGIZMejCgQPoYkcBXRiCTTwBLS98X1ebz+DVDwKn3AaQy+gw5APOKOopX7p1EWY4GxPKsHPUhdHgDTrlyp21Z7BWifOglTIAo1+2TBdP2JJACEyQZXqOnaMvZRK5ExAZrqJgpiyMR1CV9OQBqB66cw5sy604luDSOoXojVT/06kNFBqGni6M6A4Uqu1XPy3NpkbLGm+yk2WNS9YuRAHt72Uh3GCELL5gYNEWBhZeYyWzyUwFFNNKJNc/9FiIyopQx22qdNzVrNaJ62rqnNdrT3WKvW7RY5FckbOySVxyA2pkwfSIE3CSEZeyCt5M96NT+PL+J63FozFzAlZgvHzC2Hnric=</latexit>

✓
<latexit sha1_base64="DnsHubAKuMn7cafZsERCOCauyPI=">AAACN3icbVDLSsNAFJ34rPHVKq7cDBbBVUlEqstiXbhw0YJ9QBPCZDJph84kYWYiltCPcatf4Ke4cidu/QMnbRa29cDA4Zx7uWeOnzAqlWV9GGvrG5tb26Udc3dv/+CwXDnqyjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fN3O/90SEpHH0qCYJcTkaRjSkGCkteeUTR1LuPOiFAHmZIzhsN++mXrlq1awZ4CqxC1IFBVpexTCdIMYpJ5HCDEk5sK1EuRkSimJGpqaTSpIgPEZDMtA0QpxIN5vln8JzrQQwjIV+kYIz9e9GhriUE+7rSY7USC57ufiv9zw/sKAFMj+yqPl8KaEKb9yMRkmqSITnAcOUQRXDvEQYUEGwYhNNEBZU/xHiERIIK121qduzl7taJd3Lml2v1dtX1cZt0WMJnIIzcAFscA0a4B60QAdgkIEX8ArejHfj0/gyvueja0axcwwWYPz8AmTKrAQ=</latexit>

⇠ ⇤QCD

17

KL, Pathak, Stewart, Sun `24 [PRL]

Bossi et al `25LEP analyses revitalized!

Can we carry out precision study of  the Standard Model?



Kyle Lee

IMPROVING PERTURBATIVE ACCURACY
<latexit sha1_base64="Ql3sWVu77rH0MwRL9YBeiL8I8/s="></latexit>

h |E (~n1) · · · E (~nJ�1)| i

1. Measurements on Tracks
2. Power corrections
3. Improved perturbative accuracy

• Our factorization theorem is able to interface with state-of-the-art  
perturbative calculations to import into jet substructure studies

18

• Dominant uncertainty was from the  
calculation of the single jet state.

Poncelet, KL, Moult, Terry, Zhang `25
KL, Moult, Zhang `24, `24~1 mil CPU hours

Outlook

Can we carry out precision study of  the Standard Model?



Kyle Lee

LORENTZIAN FIELD THEORETIC OBJECT:  
ASYMPTOTIC DETECTORS APPLIED TO DIFFERENT SYSTEM

Gravity
2+1 Quantum  

Computing

Conformal 
Field 

Theories

Herrmann, Kologlu, Moult, Parra-Martinez, Yan `25

QFT connections allow cross-pollination of ideas from different systems / field theories

Hofman, Maldacena `08 

Importantly, energy correlators can be explored in general Lorentzian field theories.

KL, Turro, Yao `24
Herrmann, Kang, KL, Moran, Zhou [In Progress]
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