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Outline
Energy energy correlator and generalizations

▷ factorization of energy correlators in different kinematic limits
▷ feasibility of top mass measurement from EEEC in boosted top decay

Z → bb̄ [Jonathan Kley, Aditya Pathak, Francesco Riva, ZX, in progress]

▷ boost kernel for EEC with polarization
▷ mass effect and b-quark mass extraction

B̄ → Xsγ [Philipp Boër, Aditya Pathak, ZX, in progress]

▷ factorization with SCETI, SCETII and SCET+

▷ joint resummation of energy correlation and jettiness

t → Wb → qq̄′b [progress and outlook]

▷ factorization structure in boosted HQET
▷ the non-trivial soft function
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Energy-energy correlator
The energy-energy correlator in terms of z = (1− cos θij)/2,
[Basham, Brown, Ellis, Love, PRL. 41 (1978) 1585 & PRD. 19 (1979) 2018]

EEC(z) ≡
1

σ0

dσ
dz

=
∑
i,j

∫
dσ

EiEj

Q2
δ

(
z −

1− cos θij

2

)

Experimental measurement from PLUTO:
[PLUTO Collaboration, Z. Phys. C 28 (1985) 365]

Energy Correlators

• Correlators of energy flow operators hE(~n1) · · · E(~nk)i characterize the
final state in collider experiments in QCD (Ellis et al. 1977)

PSfrag replacements

�

E(�n) E(�n�)

Figure 4: Graphical representation of the double energy correlation: particles produced out of the
vacuum by the source are captured by the two detectors located at spatial infinity in the directions of
the unit vectors ~n and ~n�.

back-to-back. For 0 < � < �, the double-energy correlation receives a non-zero contribution
starting from one loop. It comes from the three-particle transitions MO20�!ssg and MO20�!s��,

hE(�n)E(�n�)i = ��1
tot

�
dPS3

3�

i,j=1

k0
i k0

j �(2)(��ki
� ��n)�(2)(��kj

� ��n�)

�
�
|MO20�!s(k1)s(k2)g(k3)|2 + |MO20�!s(k1)�(k2)�(k3)|2

�
. (3.15)

Using the explicit expressions for the matrix elements (3.2) we find (see Appendix C for details)

hE(�n)E(�n�)i =
g2

2(2�)4

q2
0

sin2 �

� 1

0

d�1

1 � �1(1 � cos �)/2
+ O(g4)

=
g2

(2�)4
q2
0

1 + cos �

sin4 �
ln

2

1 + cos �
+ O(g4) , (3.16)

where the logarithmic correction arises from the integration over the energy fraction of one of
the particles, �1 = 2k0

1/q
0. For � ! 0, the expression in the right-hand side of (3.16) scales as

O(��2), whereas for w = � � � ! 0 it has the well-known Sudakov behavior O(w�2 ln(w�2)).
Both asymptotics are modified at higher loops in a controllable way [25].

It is convenient to rewrite (3.16) by introducing the scaling variable

z = (1 � cos �)/2 , (3.17)

where 0 < � < � is the angle between the detector vectors �n and �n�. Then, the double-energy
correlation takes the following form at one loop

hE(�n)E(�n�)i =
a

4�2

q2
0

8z3

�
�z ln(1 � z)

1 � z

�
+ O(a2) , (3.18)

with z varying in the range 0 < z < 1 and a = g2/(4�2), as defined earlier. It is instructive to
compare (3.18) with the analogous expression in QCD. In that case, the final state is created by

17

Volume 99B, number 3 PHYSICS LETTERS 19 February 1981 

, , i -  

5.0 

2.0 

1.0 
0.5 

0.2 
0.1 
5.0 

2.0 
1.0 

0.5 

02 
0.1 
5.0 

2.0 

1.0 

05 

0.2 

0.1 
5,0 

2.0 

1.0 

0.5 

0.2 
0.1 

' '  I ! 

O PLUTO 

13.0 GeV :~ 
, ~ |  

' . . x  ~ /.~.:" 
, .,%. ".N Z.." 

r ""?" " /  ....--. 

12.0 GeV '" " .,~- 

: / . "  

" ""~N-- ,,. '/" "" 

]--- 

~l 9.t, GeV ..'." "b ,."" 
"..\ 

" / . /  4 

" ".X 4," 

r 

:-~, 

# '"" tx ... J "  

, I I " ' " .  I l ' "  I I I 
0 60 120 180 ° 

o 

5.0 

2.0 
1.0 

0.5 

0.2 
0 j  
5.0 

2.0 

1.0 

0.5 

0.2 
0.1 
5.0 

2.0 

1.0 

0.5 

0.2 

0.1 
5.0 

2.0 
1.0 

0.5 

0.2 
0.1 

0 

I I ' ' 

b PLUTO i~ 
30.0-31.6 GeV .'~ i JL 

_ 

. - ~  ~ . . . .  - .  

2Z6 GeV .~ 

• ...x..~,, ~ .... 

_ "-'...'7---- ..." 
-: 

22.0 GeV ." o 

'~>, ' ' #~t / " "  
,,,,¢,. 

% .  ., 

17.0 GeV - 

..\ / . 7  

, r.. , i," I t i 
60 120 180 ° 

o 

Fig. 1. Energy-energy correlations for different c.m. energies. Full lines show expectations from fragmentation models (q~ below 
10 GeV, ref. [8] ; q~:lg above, ref. [9], with A = 200 MeV). Dashed lines give pure QCD predictions according to ref. [5] ( 0 ° -50° ) ,  
refs. [ 3,4 ] (50 ° -  120 °) and ref. [ !8 ] (120 ° - 180 °). The value A = 200 MeV has been taken in all o f  them. The dot ted lines repre- 
sent the continuation of  these predictions out of  the regions defined above. 

within errors the data have become nearly energy in- 
dependent. This behaviour is well reproduced by the 
Monte Carlo simulation, as indicated by the full curves 
in fig. 1, provided gluon bremsstrahlung is incorpo- 
rated at high energies [8,9]. 

As a possible alternative description of  these data 
we also show in fig. 1 as dashed curves the predictions 
from a model [6,13] which uses the leading log same 
side predictions [5] for the angular range 0 ~ 50 °, first 

order calculations [3,4] in the central region 50 ° ~ 0 
< 120 ° and leading log opposite side predictions * 2 in 
the backward regime 120 ° < 0. These predictions de- 
pend on only one parameter namely the strong cou- 
pling constant a s or the QCD scale parameter A. The 
value A = 200 MeV has been taken, corresponding to 

,2  Predictions have been taken from eq. (3.3) o f  ref. [ 18]. 
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Fig. 1. Energy-energy correlations for different c.m. energies. Full lines show expectations from fragmentation models (q~ below 
10 GeV, ref. [8] ; q~:lg above, ref. [9], with A = 200 MeV). Dashed lines give pure QCD predictions according to ref. [5] ( 0 ° -50° ) ,  
refs. [ 3,4 ] (50 ° -  120 °) and ref. [ !8 ] (120 ° - 180 °). The value A = 200 MeV has been taken in all o f  them. The dot ted lines repre- 
sent the continuation of  these predictions out of  the regions defined above. 

within errors the data have become nearly energy in- 
dependent. This behaviour is well reproduced by the 
Monte Carlo simulation, as indicated by the full curves 
in fig. 1, provided gluon bremsstrahlung is incorpo- 
rated at high energies [8,9]. 

As a possible alternative description of  these data 
we also show in fig. 1 as dashed curves the predictions 
from a model [6,13] which uses the leading log same 
side predictions [5] for the angular range 0 ~ 50 °, first 

order calculations [3,4] in the central region 50 ° ~ 0 
< 120 ° and leading log opposite side predictions * 2 in 
the backward regime 120 ° < 0. These predictions de- 
pend on only one parameter namely the strong cou- 
pling constant a s or the QCD scale parameter A. The 
value A = 200 MeV has been taken, corresponding to 

,2  Predictions have been taken from eq. (3.3) o f  ref. [ 18]. 
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Konishi, Ukawa, Veneziano
Parisi, Petronzio

Basham, Brown, Ellis, Love

Collinear:
b2b:

Central:

CCNU EEC Workshop May 2025 6 / 55

First event-shape calculated analytically at NLO,
using IBP with reverse unitarity
[Dixon, Luo, Shtabovenko, Yang, Zhu, PRL. 120 (2018) 102001]

��� ��� ��� ��� ��� ���
���

���

���

���

���
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Large logarithms in collinear limit
[

lnk−1 z
z

]
+

and back-to-back limit
[

ln2k−1(1−z)
1−z

]
+
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Factorization of energy correlators in SCET
Collinear limit of energy-energy correlator z = (1− cosχij)/2 → 0:
[Dixon, Moult, Zhu, arXiv:1905.01310]

Σ(z) =

∫ 1

0

dx x2 H⃗(x) · J⃗
(

ln
zx2Q2

µ2

)

Factorization in back-to-back limit
√
1− z ≪ 1 in the massless case:

[Moult, Zhu, arXiv:1801.02627]

dσ
dz

=
1

2

∫ ∞

0

b db
2

J0(bQ
√
1 − z)H(Q, µ)

Jq(b, µ, ν)Jq̄(b, µ, ν)S(b, µ, ν)
~

k

h

?,s

~n

a

~n

b

x

i

p

a

x

j

p

b

~

k

h

?,i

~

k

h

?,j

n̄

a

· p
a

= Q

n̄

b

· p
b

= Q

⇡�✓ij

2 ⇡ 1
Q

����
~

k

h
?,i

xi
+

~

k

h
?,j

xj
� ~

k

h

?,s

����

[Duhr, Mistlberger, Vita, arXiv:2205.02242]
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Multi-point energy correlators
Three-point energy correlator (EEEC), characterize events with three-prong structure

1

σtot

d3σ
dx1dx2dx3

=
∑

ijk

∫
dσ

EiEjEk

Q3
δ

(
x1 −

1 − cos θjk

2

)

× δ

(
x2 −

1 − cos θik

2

)
δ

(
x3 −

1 − cos θij

2

)

E(~n1)

E(~n2)

E(~n3)

O

∞

θ

Co-planar limit of three-point energy correlator τp = |(n̂1 × n̂2) · n̂3| → 0
[Gao, Yang, Zhang, arXiv:2411.09428]

1

σLO

dσq

dτp
=

∫
T
dv dw Hq(v,w, µ)

∫ ∞

−∞

dby

2πξ
2 cos

(
byτp

ξ

)
× S(by, µ, ν) Jq (by, µ, ν) Jq̄ (by, µ, ν) Jg (by, µ, ν)

~ks
ks,y

~pJ1

~pJ2

~pJ3

pJ1,y

pJ2,y

pJ3,y

ŷ

OThe Three-Jet Plane

O
n̂1

n̂2

n̂3

e+

e−

the same Sudakov structure will help us to identify the mass scale
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Feasibility of top quark mass measurement from energy correlators
Top quark mass measurement from energy correlators.
[Holguin, Moult, Pathak, Procura, Schöfbeck, Schwarz, arXiv:2311.02157, PRL134 (2025) 23]

▷ Peak positions sensitive to mass values, calibrate mt with mW to reduce jet energy scale uncertainty

▷ EEC as SCETII observable has smaller sensitivity to hadronization

67

Why is EEC robust against hadronization?

• Top width  provides a cutoff and renders hadronization effects tiny


• Jet mass sensitive to a ultra soft mode at scales lower than  and hence has large 
sensitivity to hadronization 

Γt

Γt

Collinear

Soft

Collinear

Ultrasoft

Unlike the jet mass, the EEC is a SCET  observable:II
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Feasibility of top quark mass measurement from energy correlators
Top quark mass measurement from energy correlators.
[Holguin, Moult, Pathak, Procura, Schöfbeck, Schwarz, arXiv:2311.02157, PRL134 (2025) 23]

▷ Peak positions sensitive to mass values, calibrate mt with mW to reduce jet energy scale uncertainty

▷ Robustness tested against Monte-Carlo simulations, theory predictions in progress
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Precise jet substructure from boosted event-shapes
[Feige, Schwartz, Stewart, Thaler arXiv:1204.3898]

▷ N-jettiness event-shape [Stewart, Tackmann, Waalewijn, arXiv:1004.2489]

TN ≡ min
n1,n2,...,nN

∑
j∈J

min{n1 · pj, n2 · pj, . . . , nN · pj}

Two-jettiness measured in jets from boosted Z decay:
1

σ0

dσ
dτ21

= H
∫ d cos θ

2

∫
ds1ds2dk1dk2 S(k1, k2, {ni}, µ)

× J(s1, µ)J(s2, µ) δ
(
τ21−

k1+k2
P+

Z
−

s1E2+s2E1

2E1E2P+
Z

)
Z boost 

 direction

q
µ

1

q
µ

2

θ

▶ Jet function universal under rescaling n1 → βn1 and n2 → βn2

▶ Soft function transforms as
S(k1, k2, n1 ·n2, µ,Λ) = β2S(βk1, βk2, β2n1 ·n2, µ,Λ)
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0

5

10

15

20

Τ21

1

Σ

d Σ

d Τ21

N
3
LL Calculation
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� �
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Energy correlators on boosted boson decays
[Holguin, Moult, Pathak, Procura, Sule, arXiv: 2601.20923][Gao, Lee and Zhang, arXiv: 2601.20933]

Sudakov structure of EEC and the boost

EEC on boosted heavy resonances 

Z boson at rest Boosted Z decay

Boost

7

[Duhr, Mistlberger, Vita, arXiv:2205.02242]

162 164 166 168 170 172 174 176 178 180

χ[◦]

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

(1
/σ

0
)

d
σ
/d
χ

e+e− → γ∗ → hadrons

αs(mZ) = 0.118

NNLL

N3LL

N3LL′

N4LL

EEC on boosted heavy resonances 

Z boson at rest Boosted Z decay

Boost

7

▶ Sudakov peak location boosted to z ≃ 1/γ2 = m2/Q2

▶ The whole spectrum in boosted kinematics from convoluting rest-frame result with boost kernel.
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Boost kernel for energy correlators on scalar and vector bosons
[Holguin, Moult, Pathak, Procura, Sule, arXiv: 2601.20923][Gao, Lee and Zhang, arXiv: 2601.20933]

EEC in boosted kinematics with operator definition:
dσ
dz′

≡
1

Q2

∫
d2Ω⃗n′1

d2Ω⃗n′2
δ

(
z′ −

n⃗′1 · n⃗′2
2

)
⟨Ψ′|E (⃗n′1)E (⃗n

′
2)|Ψ

′⟩

▷ The boost rescales each direction

Λ
µ
ν(β⃗) nν = λ(⃗n) n′µ , λ(⃗n) = γ

(
1 − β⃗ · n⃗

)
solid angle d2Ω⃗n′ = λ−2 d2Ω⃗n

opening angle z′ = z/(λ1λ2)

energy flow ⟨Ψ′|E (⃗n′1)E (⃗n
′
2)|Ψ

′⟩ = λ3
1λ

3
2 ⟨Ψ|E (⃗n1)E (⃗n2)|Ψ⟩

rest
n⃗1

n⃗2

β⃗
θ

dΩ

Λ

boosted

n⃗′1

n⃗′2

β⃗

θ′
dΩ′

▷ For an isotropic scalar decay, the boosted EEC is the average of z′ over the boost direction
dσ
dz′

=

∫ 1

0

dz Kγ(z, z′)
dσ
dz

, Kγ(z, z′) =
1

γ2

∫ d2Ω
4π

z
z′

δ

(
z′ −

z
λ1λ2

)
▷ The average evaluates to a complete elliptic integral K of the first kind

Kγ(z, z′) =
z3/2 Θ

(
m(z, z′)

)
2π γ2

√
γ2 − 1 z′5/2 4

√
(1 − z)(1 − z′)

×
{

K
(√

m(z, z′)
)
, 0 ≤ m < 1

m(z, z′)−1/2 K
(
m(z, z′)−1/2

)
, m > 1



9

Boost kernel for energy correlators on scalar and vector bosons
[Holguin, Moult, Pathak, Procura, Sule, arXiv: 2601.20923][Gao, Lee and Zhang, arXiv: 2601.20933]

Vector boson decay is not isotropic due to polarization, for transverse Z production

KV
γ =

3

4

[
Kγ +K(2)

x
]
, K(n)

x =
1

γ2

∫ d2Ω
4π

xn z
z′

δ

(
z′ −

z
λ1λ2

)
▷ The orientation average picks up the polarization weight [credit to Anjie Gao]

▷ K(2)
x needs all three complete elliptic integrals

▷ The rescaling z′ = z/(λ1λ2) does not change, Sudakov peak stays at z′ ≃ 1/γ2
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0

1

2

3

4

5
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Energy correlators with heavy-quark mass
Quark mass effect in EEC on boosted Z → bb̄:

0.0 0.1 0.2 0.3 0.4
0

1

2

3

4

▷ Presence of dead-cone peak due to suppression of collinear emission of heavy quark
▷ Sudakov structure determined by the mass of decaying Z

Test example for calibration of the quark mass extraction with the peak ratio
▷ Theory prediction available in this case at NLLcoll + NNLLb2b

▷ The whole EEC distribution can be boosted
▷ Background from light-quarks understood to high perturbative accuracy
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EEC in boosted kinematics
Reminder: in the collinear limit

√z =

√
1−cos(χ)

2 ∼ χ/2

0.0 0.1 0.2 0.3 0.4
0

1

2

3

4

5

0.00 0.01 0.02 0.03 0.04 0.05
0

1

2

3

4

5

Sudakov feature formed by hard bb̄ pair is boosted into the same large-radius jet.
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Plotting in terms of
√zEZ characterize the correct mass scales from the peak positions.
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b quark mass from peak position ratio
Peak position ratio from theory prediction

400 450 500 550 600 650 700 750
3.0

3.2

3.4

3.6

3.8

4.0

Preliminary

Uncertainty ∼ 150 MeV

[Jet-substructure measurement]
[applicable at the LHC]

World average: 4.186± 0.006 GeV

Measurements at hadron collider:

3.94+0.46
−0.40 GeV [Aparisi et al (2022)]

4.205± 0.058 GeV [Boughezal et al (2006)]

PDG: b-quark mass measurements

The boost kernel is not homogeneous between the collinear and the back-to-back limits,
mb = C

√zb√zZ
mZ with C determined from the boost kernel.
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b quark mass from peak position ratio
Peak position ratio from theory prediction

400 450 500 550 600 650 700 750
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Preliminary

Uncertainty ∼ 150 MeV

Comparison with Monte-Carlo simulation
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e+e− → Z(→ bb̄)Z(→ bb̄)

Pythia 8.317, R = 1.5

EEC Parton Shower Generator

Vincia 2.3

Pythia 8.317

NLLcoll+LO+NNLLb2b

variation of shower generator

Monte-Carlo simulation for quantifying the systematics

Realistic extraction would use

▷ perturbative calculation augmented by resummation

▷ non-perturbative input from universal matrix-element Ω1 and Collins-Soper kernel

Strategy applicable for H → bb̄ with reduced light-quark background
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b quark mass from peak position ratio
Peak position ratio from theory prediction
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EEC Jet Radius Dependence

R =0.8

R =1

R =1.2

R =1.5

NLLcoll+LO+NNLLb2b

variation of jet radius

Monte-Carlo simulation for quantifying the systematics

Realistic extraction would use

▷ perturbative calculation augmented by resummation

▷ non-perturbative input from universal matrix-element Ω1 and Collins-Soper kernel

Strategy applicable for H → bb̄ with reduced light-quark background
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From boosted vector boson to boosted top decays
Summary from energy correlators on heavy vector boson:
▷ Boost properties for EEC measurement better understood
▷ Identification of mass scales from the Sudakov structure

Towards top-mass measurement from energy correlators:
▷ Colored unstable particle, with boosted HQET

[Fleming, Hoang, Mantry, Stewart, arXiv:hep-ph/0703207]

18

The top quark imprint in EEEC

• Distinct peak at : peak dominated by hard decay of the top


• Appears at relatively larger angles: Resilient to collinear radiation, 


• The asymmetry cut  eliminates the otherwise overwhelming contribution of collinear splittings.

ζt ∼ 3(mt /Q)2

αs ln ζpeak
t < 1

δζ < m2
t /p2

T

Holguin, Moult, AP, Procura 2022

Consider a simpler scenario of boosted tops in  collisions:e+e−

QCD

SCET

HQET
      Soft

Cross-Talk

top

Q

m t

Γt

Integrate out 

Hard Modes

Factorize Jets, Integrate 

 out energetic collinear 

 gluons

Evolution and 

decay of top 

close to mass shell

t t

HQET
antitop

n n

▷ Exclusive top-quark jet measurements, identifying fat jets with N-jettiness resolution
[Stewart, Tackmann, Thaler, Vermilion, Wilkason, arXiv:1508.01516]

A perfect case study that inherits both of these features: energy flow in B̄ → Xsγ
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Joint resummation of energy flow and jettiness in B̄ → Xsγ

Photon spectrum as Eγ → mB/2 factorizes into a perturbative jet function with the B-meson
shape function [Ligeti, Stewart, Tackmann, arXiv:0807.1926; more]

dΓ
dEγ

= 2Γ0

( 2Eγ

mb

)3 ∫
dk P(k) SB(mB − 2Eγ − k) + O

(ΛQCD

mb

)
Integration over the double-differential distribution

dΓ
dEγ

=

∫ 1

0

dz
d2Γ

dEγ dz
, z =

1 − n̂γ · n̂J

2

γ
n̂J

h

soft

θ

B

Joint measurement of Eγ spectrum and the energy correlation, over the full hierarchy
[Philipp Böer, Aditya Pathak, ZX, in progress]

▷ One-jettiness: the photon-energy deficit

T ≡ q+r = q+ − ωγ ∼ mB − 2Eγ

▷ Angular scale, fixed by qT in the back-to-back limit

qT ≡ |q⊥| , z̄12 ≈ 1−
q2T
m2

b

Final-state HQET analogue of
joint (qT, T0) resummation

[Procura, Waalewijn, Zeune, arXiv:1410.6483]
[Lustermans, Michel, Tackmann, Waalewijn, arXiv:1901.03331]
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Effective theory for the joint-resummation in (qT, T )

log T

log qT

mb

SCETI

SCET+

SC
ET II

qT ≫
√

mbT

T ≫qT

▷ SCETI: T ≪ qT ∼
√

mbT [See also: Zhao, arXiv:2607.27367]

Collinear radiation fixes qT . The jet stays perturbative down to T ∼ ΛQCD .∫
dk+ JE(k+, qT) Sb(T − k+)

▷ SCETII: T ∼ qT ≪
√

mbT∫
d2b⊥ eib⊥·qT D(b⊥)Sb(T , b⊥)

Double-differential soft function, perturbative for qT ∼ T ≫ ΛQCD .

Two-dimensional shape-function at qT ∼ T ∼ ΛQCD .

▷ SCET+: T ≪ qT ≪
√

mbT

Collinear-soft mode (T , q2T /T , qT) enters both measurements. OPE as
D(b⊥) ⊗ Scs(T , b⊥) ⊗ Sb(T )

▷ Drell–Yan: Q ∼ mZ with a wide SCET+ window ▷ B̄ → Xsγ: Q ∼ mb SCET+ region closes
SCET+ still ensures SCETI ↔ SCETII consistency and guides the transition profile

SCETI

p+

p−

p 2
∼

m
bT

p2 ∼ T 2

T mb

T

mb

SCET+

p+

p−

p 2
∼ q 2

T

p2 ∼ T 2

T q2T/T
mb

T

q2T/T

mb

SCETII

p+

p−

p 2
∼ q 2

T ∼ T 2

T mb

T

mb
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Resummation results for B̄ → Xsγ

Computed and extracted all ingredients for the joint resummation at NNLL
RG consistency checked in both regions and for the re-factorization via SCET+

Implemented in SCETlib: singular spectra in (χ,Eγ)

SCETII: T ∼ qT ≪
√

mb T

Preliminary

SCETI: T ≪ qT ∼
√

mb T

Preliminary

▷ Next: join resummed via profile functions, match to fixed order, fold with shape function

▷ The spectrum can be boosted to match the LHCb kinematics for boosted B mesons
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Outlook for EEEC on t → Wb → qq̄′b
Factorization of the hemisphere jet mass in bHQET, in the peak region M2 − m2 ≪ m2

[Fleming, Hoang, Mantry, Stewart, arXiv:hep-ph/0703207, arXiv:0711.2079; Bachu, Hoang, Mateu, Pathak, Stewart, arXiv:2012.12304]

d2σ
dM2

t dM2
t̄

= HQ(Q) Hm

(
m,

Q
m

)∫
dℓ+ dℓ− B+

(
ŝt −

Qℓ+

m
,Γt

)
B−

(
ŝ̄t −

Qℓ−

m
,Γt

)
S(ℓ+, ℓ

−
)

▷ the non-trivial soft function with resolved decay products. [Hoang, Regner, arXiv:2507.17872]

Wρµ
= Hρµ

d

∫
dℓ̂+ Jn′

(
Ĥ−

(mt v̂+ − q̂+ − ℓ̂
+
)
)

× Sucs(v̂+, v−, γ
2
, s+, s−, ℓ̂

+
)

S̃tree
ucs =

1

πmt

δ(â+)

|v+k− + v−k+ + iΓt|2

▷ Tree level: Sucs = Breit–Wigner × shape function

At higher orders, ultra-collinear gluons between production and decay Wilson lines give a shifted Breit–Wigner
Γt/|ā+γ2 v̂+v− − 2∆|2 and dependence on the decay angle

Towards the theory prediction for EEEC in top decays:

▷ Most of ingredients now ready for NNLL resummation.
▷ Numerical implementation in progress with SCETlib.
▷ Generalization to pp with fragmenting jet formalism.
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Summary

Energy correlators have simple operator definition, enabling transparent analytic structure.
▷ factorization theorems established in the collinear and back-to-back limits
▷ simple measurement function, making analytic calculations more tractable

Back-to-back Sudakov structure in close analogy to small-qT resummation.
Boost kernel derived from the operator definition, precise spectra in boosted kinematics.

Z → bb̄ (heavy boson decay):
▷ energy correlators on boosted, polarized objects
▷ quark-mass extraction, calibrated by peak ratios within the same jet

B̄ → Xsγ (heavy-to-light decay):
▷ factorization with SCETI, SCETII and SCET+

▷ joint resummation of jettiness and EEC at NNLL

Outlook: sets the stage for energy correlators in top-quark decays t → Wb → qq̄′b.

Thank you for your attention.
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