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Energy correlators have recently come to the forefront of jet substructure studies at colliders due
to their remarkable properties: they naturally separate physics at di↵erent scales, are robust to
contamination from soft radiation, and o↵er a direct connection with quantum field theory. The
current parametrization used for energy correlators, however, is based on redundant pairwise an-
gles with complex phase space restrictions. In this Letter, we introduce a new parametrization of
energy correlators that features a simpler phase space structure and preserves information about
the orientation of jet constituents. Further, our parametrization drastically reduces the computa-
tional cost to compute energy correlators on experimental data; whereas the time to compute a
traditional projected N -point energy correlator scales as MN/N ! on a jet with M particles, our
new parametrization achieves a scaling of M2 ln M independently of N . Theoretical calculations for
our new energy correlators di↵er from those of traditional parametrizations only at next-to-next-
to-leading logarithmic accuracy and beyond, and we expect that our simpler phase space structure
will simplify those calculations. We also discuss how to extend our parametrization to resolved N -
point energy correlators that encode angular distances between greater numbers of particles, and we
propose two possible generalizations for probing multi-prong jets and testing jet scaling behaviour.

Introduction — The flow of energy within hadronic jets
is an indispensable probe of Quantum Chromodynam-
ics (QCD) [1–6]. Energy correlator observables [7–11]
are particularly powerful tools for understanding energy
flow both theoretically and experimentally [12–14]. Since
energy correlators can be described directly in terms of
field-theoretic energy flow operators [15–22], one can use
sophisticated theoretical techniques, including the pow-
erful technology of conformal field theories [19, 23], to ex-
tract rich information about jet substructure, especially
in the collinear limit [24–37].

Recent work has highlighted the role of N -point en-
ergy correlators (ENCs) in precisely understanding the
fundamental structure of particle interactions. ENCs
probe angular correlations between N final-state parti-
cles, which o↵ers a simple and intuitive way to sepa-
rate physics at di↵erent scales and mitigate contamina-
tion from soft radiation. Applications focused on the
Large Hadron Collider (LHC) include the top quark mass
[38–40], hadronization transition [41, 42], dead-cone ef-
fect [43], gluon saturation [44], medium modifications in
heavy-ion collisions [45–51], and predictions for the en-
ergy flow of charged particles [52–55]. Further, energy
correlators have yielded the most precise jet substructure
measurement of the strong coupling constant to date [13].

In this Letter, we introduce a new parametrization
for energy correlators with a number of improved prop-
erties. First, our parametrization of the projected N -
point energy correlator (PENC) depends on the largest
distance R1 to a “special” particle s in a set of N

particles, suitably averaged over all choices for s; this
yields simpler phase space restrictions than the tradi-
tional parametrization for the PENC in terms of the
largest pairwise angle [25]. Second, when considering
more di↵erential information, our parametrization of re-
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FIG. 1. A cartoon of the new parametrization of ENCs we
introduce in Eqs. (2) and (5). Instead of computing the ENC
using all

�
N
2

�
pairwise distances, we parametrize the ENC

with 2N � 3 oriented polar coordinates centered on a special
particle s, and then perform a momentum-weighted sum over
all choices for s.

solved ENCs (RENC) employs non-redundant polar coor-
dinates centered around the special particle, as in Fig. 1 ;
this di↵ers from the traditional approach, which uses
over-complete information from the set of all pairwise
distances and neglects information about the relative ori-
entation of particles. Third, our parametrization o↵ers
dramatic improvements in computational performance.
Finally, we anticipate that these conceptual and compu-
tational improvements will yield simpler theoretical cal-
culations. The implementation of the PENCs we intro-
duce in this work can be found on GitHub as an update
to FastEEC [56], and of our PENCs and RENCs at
ResolvedEnergyCorrelators [57].
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Energy-Energy Correlators (EEC)

• Energy-energy correlators measure correlation between energy 
depositions in two detector elements

dσ
dθ

= ∫ dσ∑
i,j

Ei Ej

Q2
δ(θ − θij)

Basham, Brown, Ellis and Love, 1978

• Can be expressed in terms of expectation value of energy flow 
operators

<latexit sha1_base64="exOGKAPSgiaLec2d6MalZIGgyzw="></latexit>

E(n̂) = lim
r!1

Z 1

0
dt r2niT0i(t, rn̂)energy flow operator : 

energy flow 
direction

• EEC’s are correlation functions of these operators

Ankita Budhraja, Nikhef07/05/2025 1/16



Motivation

2

theoretical elegance of this approach, the jet pT has large
experimental uncertainties, making a precise determina-
tion of mt challenging in practice. We therefore believe
that identifying a top-mass-sensitive observable that is
simultaneously experimentally feasible at the LHC, com-
pletely robust to hadronization and UE, and calculable
to high perturbative orders remains an important open
problem.

In this Letter, we introduce an EEC-based observable
for precision top quark mass measurements, which over-
comes previous experimental difficulties. Our observable
is inspired by cosmology, where it is common that pre-
cisely measured observables, such as luminosity, are not
directly related to quantities of interest, such as dis-
tances. The use of standard candles then plays a cru-
cial role, providing a methodology for converting between
two independent dimensionful quantities. This is similar
to the present case of extracting masses from measure-
ments of high-multiplicity hadronic states: the dimen-
sionless angular scales [42] are robust observables, neces-
sitating the development of standard candles to enable
their use for precision mass measurements. Crucially,
the top quark predominately decays into an electroweak
scale particle whose mass has been measured with spec-
tacular accuracy, the W boson. This particle provides
the needed standard candle by introducing another di-
mensionless parameter, mt/mW , into the observable. In
this Letter, we study a hadronization and UE insensitive
standard candle constructed from EECs measured on the
W boson, allowing us to build a distance ladder all the
way back through the complicated QCD dynamics to the
time scales of the top quark. The outcome is a mea-
surement of the top mass in terms of the W mass. We
emphasize that this approach is distinct from current top
mass extractions [43, 44], which reconstruct the W decay
only to achieve a fine-grained calibration of the jet energy
scale to reduce experimental uncertainties. We demon-
strate the feasibility and properties of our approach at
the LHC through a Monte Carlo study and lay out a
roadmap for an experimental and theoretical program to
achieve a record top mass measurement.

Energy Correlators on Top Decays.—EECs map out
the angular scales of the asymptotic energy flux. There
has been rapid progress in our understanding of multi-
point energy correlators and their application to jet sub-
structure (see e.g. [32, 45–60]). Following their first cal-
culation in the collinear limit in [49], they have since been
calculated for generic angles [61, 62], analyzed theoret-
ically [63, 64], and measured on QCD jets [45, 51]. In
Ref. [32], the three-point correlator was applied to detect
the angular scale associated with the top decay. Since
at the leading order this is a hard three-body decay, it
was proposed that this could be detected in an equilat-
eral configuration for the correlator. However, the full
three-point correlator on top decays is a rich function of
three angles whose shape has not yet been explored.

(a) The shape of the three-point correlator on boosted top quark
jets, eq. (1). A large value of ⇣S selects the hard top decay process,
but by lowering ⇣S , the W peak emerges. Slices for specific values
of ⇣S are shown on the boundaries of the plot.

(b) Slices for specific values of ⇣S which emphasize the sharpness
of the W and top peaks. The green line with the small bump
corresponds to the equilateral projection considered in [32].

FIG. 1: Illustrative plots produced from Pythia showing
the imprint of top quark and W boson on the 3-point
EEC in eq. (1).

The key object of our analysis is the following inte-
grated EEC (weighted cross-section) which enables the
simultaneous extraction of the top and W character-
istic angular scales. We express the angles between
the momenta of the correlated final state particles as
⇣ij = �⌘2ij + ��2

ij in terms of the standard rapidity-
azimuth coordinates. The observable we define is

T (⇣, ⇣S , ⇣A) ⌘
X

hadrons
i,j,k

Z
d⇣ijk

pT,i pT,j pT,k�
pT,jet

�3
d3�i,j,k

d⇣ijk

⇥⇥(⇣ij � ⇣jk � ⇣ki > ⇣S) �

 
⇣ �

(
p

⇣ij +
p

⇣jk)2

2

!

⇥⇥
⇣
⇣A > (

p
⇣ij �

p
⇣jk)

2
⌘
. (1)

Here the sum is over all (not necessarily distinct) triplets

Better theory control, 
calculable on tracks

Potential for precision 
top mass determination

Promising observables  
to reveal intrinsic scales 

in HI jets

Jaarsma, Li, Moult, Waalewijn, Zhu Holguin, Moult, Pathak, Procura 2023
Andres, Dominguez, Holguin, Marquet, Moult  2023

See Max and Yibei’s talk

Ankita Budhraja, Nikhef 2/16
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Projected energy correlators and analytic continuation

• EEC exhibits collinear universality described by the factorization formula

Dixon, Moult, Zhu 2019

Σ(χ, log
Q2

μ2
, μ) = ∫

1

0
dx x2 ⃗J(log

χ x Q2

μ2
, μ) ⋅ ⃗H(x,

Q2

μ2
, μ)
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Projected energy correlators and analytic continuation

• EEC exhibits collinear universality described by the factorization formula

Dixon, Moult, Zhu 2019

Σ(χ, log
Q2

μ2
, μ) = ∫

1

0
dx x2 ⃗J(log

χ x Q2

μ2
, μ) ⋅ ⃗H(x,

Q2

μ2
, μ)

• Multi-point generalization retains dependence on all  anglesN(N − 1)/2
• Projected N-point energy correlators (PENC) obtained by tracking largest separation and integrating out 

the shape information
<latexit sha1_base64="KSwv7gMRLKz4FWbsDX9SRT2ZNiE="></latexit>

d�[N ]

dRL
=

Z
d�

X

i1,...,iN

pT,i1 . . . pT,iN

PN
T

�(RL �max{Rijik})

similar factorization formula : Σ[N](RL, log
Q2

μ2
, μ) = ∫

1

0
dx xN ⃗J [N](log

RL x Q2

μ2
, μ) ⋅ ⃗H(x,

Q2

μ2
, μ)
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Projected energy correlators and analytic continuation

• In the perturbative region, PENC show a power law scaling  with∼ Rγ(N)
L

<latexit sha1_base64="yoiXP3uwS8iIhxAb+aswaOPpK+U=">AAACFnicbVDLSgMxFM3UV62vUZduokVoQcuMSHVZceOqVLAP6ExLJk3b0CQzJBlpGfoVbvwVNy4UcSvu/BvTx0KrBy4czrmXe+8JIkaVdpwvK7W0vLK6ll7PbGxube/Yu3s1FcYSkyoOWSgbAVKEUUGqmmpGGpEkiAeM1IPB9cSv3xOpaCju9CgiPkc9QbsUI22ktn3q9RDnKFfOQ09RDj0qdNtpud4hTDzJYWc89E7gsFWGldww37azTsGZAv4l7pxkwRyVtv3pdUIccyI0ZkipputE2k+Q1BQzMs54sSIRwgPUI01DBeJE+cn0rTE8NkoHdkNpSmg4VX9OJIgrNeKB6eRI99WiNxH/85qx7l76CRVRrInAs0XdmEEdwklGsEMlwZqNDEFYUnMrxH0kEdYmyYwJwV18+S+pnRXcYqF4e54tXc3jSIMDcARywAUXoARuQAVUAQYP4Am8gFfr0Xq23qz3WWvKms/sg1+wPr4BRyac8A==</latexit>

�(N) ⇠
Z 1

0
dxxNP (x)

Collinear PENC evaluated on CMS data

Komiske, Moult, Thaler, Zhu 2023

with -th moment of DGLAP splitting functions .N P(x)
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Projected energy correlators and analytic continuation

• In the perturbative region, PENC show a power law scaling  with∼ Rγ(N)
L

<latexit sha1_base64="yoiXP3uwS8iIhxAb+aswaOPpK+U=">AAACFnicbVDLSgMxFM3UV62vUZduokVoQcuMSHVZceOqVLAP6ExLJk3b0CQzJBlpGfoVbvwVNy4UcSvu/BvTx0KrBy4czrmXe+8JIkaVdpwvK7W0vLK6ll7PbGxube/Yu3s1FcYSkyoOWSgbAVKEUUGqmmpGGpEkiAeM1IPB9cSv3xOpaCju9CgiPkc9QbsUI22ktn3q9RDnKFfOQ09RDj0qdNtpud4hTDzJYWc89E7gsFWGldww37azTsGZAv4l7pxkwRyVtv3pdUIccyI0ZkipputE2k+Q1BQzMs54sSIRwgPUI01DBeJE+cn0rTE8NkoHdkNpSmg4VX9OJIgrNeKB6eRI99WiNxH/85qx7l76CRVRrInAs0XdmEEdwklGsEMlwZqNDEFYUnMrxH0kEdYmyYwJwV18+S+pnRXcYqF4e54tXc3jSIMDcARywAUXoARuQAVUAQYP4Am8gFfr0Xq23qz3WWvKms/sg1+wPr4BRyac8A==</latexit>

�(N) ⇠
Z 1

0
dxxNP (x)

Collinear PENC evaluated on CMS data

Komiske, Moult, Thaler, Zhu 2023

with -th moment of DGLAP splitting functions .N P(x)

• Analytic continuation in  allows to test different 
moments of splitting functions.

N

• For , we can study small-x physics using jets !N → 0

Ankita Budhraja, Nikhef 4/1607/05/2025



Analytic Continuation in N
• Rewrite the projected correlator as 

<latexit sha1_base64="/tRXwMCLxmZUQ/ZbEyjKNe+a4FI="></latexit>

d�[N ]

dRL
=

X

X

Z
d�X

X

S⇢X

W [N ](S) �(RL �max{Rij}i,j2S) ,

W [N ](;) = 0 , W [N ](S) =

✓X

i2S

zi

◆N

�
X

S0$S

W [N ](S0) .

• For eg., for two particles the above weights simplify to

<latexit sha1_base64="zwQ91eS52NusrD6SKR3QeACnzSo="></latexit>

W [2] = (z1 + z2)
2 � z21 � z22 = 2z1z2

W [3] = (z1 + z2)
3 � z31 � z32 = 3z21z2 + 3z1z

2
2
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• For eg., for two particles the above weights simplify to
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W [2] = (z1 + z2)
2 � z21 � z22 = 2z1z2

W [3] = (z1 + z2)
3 � z31 � z32 = 3z21z2 + 3z1z

2
2

• This form can be analytically continued in .N

• For real world jets with  particles, computationally prohibitive .M 𝒪(22M)

Ankita Budhraja, Nikhef 5/1607/05/2025



An approximate approach

• Correlations at scales  are insensitive to 
details at much smaller scales  
Approximate particles by jets thereby 
reducing M.

RL
⇒

A.B, Chen, Waalewijn 2024

Ankita Budhraja, Nikhef 6/16

• Computational cost 𝒪(22M) → 𝒪(M 2M)

07/05/2025



Power law from CMS data

0 1 2 3 4 5 6 7
-2.

-1.5

-1.

-0.5

0.

0.5

1.

agreement

with BFKL A.B, Chen, Waalewijn 2024

• Fit to a power law . 

• Fit exponent well within eigenvalues of 
DGLAP anomalous dimension 

• For small- , fit exponent saturates 
while DGLAP eigenvalue diverges 
irrespective of quark/gluon mixing 
fractions. 

• Interestingly, agreement with BFKL.

∼ aRb
L

N

Ankita Budhraja, Nikhef 7/16

See also Hao’s talk
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Problems with traditional parametrization

Ankita Budhraja, Nikhef 8/16

• Computationally time intensive:  for integer  or  for non-integer .𝒪(MN) N 𝒪(22M) N

• Previous approach improves this cost but still has an exponential scaling.

• Moreover, parameterization in terms of all distances is redundant: 

                                                     for   (N
2 ) > 2N − 3 N ≥ 3

07/05/2025



A new parametrization

• Simpler non-redundant parametrizaton : Isolate a special point s and only consider the distance to it: 

• From triangle inequality , so  is a good measure of overall scale.RL /2 ≤ R1 ≤ RL R1

<latexit sha1_base64="9K6/+iI4uJfqlMttvzXzxK2V3H0="></latexit>

d�[N ]

dR1
=

Z
d�

X

s

zs
X

i,j,k,...

zjzk · · · �(R1 �max{Rsi, Rsj , · · · })
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A new parametrization
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• From triangle inequality , so  is a good measure of overall scale.R1 ≤ RL ≤ 2R1 R1
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d�[N ]

dR1
=

Z
d�

X

s

zs
X

i,j,k,...

zjzk · · · �(R1 �max{Rsi, Rsj , · · · })

Ankita Budhraja, Nikhef 9/16

• Looking at the cumulative distribution:   

• Sorting takes  and for each special particle we get another factor   for all 
N! 

𝒪(M ln M) M → 𝒪(M2 log M)

<latexit sha1_base64="L/FnjhRBnPF9eVVDaJal6kXMLc8="></latexit>

⌃[N ](R1) =

Z R1

dR0
1
d�[N ]

dR0
1

=

Z
d�

X

s

zs[zdisk(s,R)]N�1
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Comparing old and new parametrization

Alipour-fard, A.B, Thaler, Waalewijn 2024

• Differences in collinear region are 
small.

• Mostly visible in the transition region

• Same factorization formula carries 
over

Σ[N](R1, Q) = ∫
1

0
dx x[N] ∑

i

Ji
[N]( x Q2 R2

1

μ2 ) ⋅ Hi(x,
Q2

μ2 )

•  independent of specific 
parametrization of 
Hi

PENC(R*)

• RGE for  also parametrization independent, though 
functional form is not.

Ji

Ankita Budhraja, Nikhef 10/1607/05/2025



Perturbative agreement upto NLL

Alipour-fard, A.B, Thaler, Waalewijn 2024

• For two particles, 
R1 = RL ⇒ J(RL) = J(R1) + 𝒪(α2

s )

• By triangle inequality , one expects R1 ≤ RL ≤ 2R1 RL ∼ (1 + c)R1

NLL equivalence implies c ∼ 𝒪(αs)

• Test numerically by constructing quantiles
<latexit sha1_base64="yV88yuok830ch7Ctcmvxkoib5MQ="></latexit>

⌃[N ]
new(R1) = ⌃[N ]

old (RL(R1))

• We find a fit form 

log(RL /R1) ∼
αs

π
log[1 + (N − 1)RL]

Ankita Budhraja, Nikhef 11/1607/05/2025



A look into non-perturbative effects
• Leading non-perturbative contribution by considering one energy flow detector along the direction 

of soft hadron
1
σ

dσ[N]

dR1
=

1
σ

dσ[N]
pert

dR1
+ N

ΛQCD

Q R3/2
1

A.B, Pels, Waalewijn

• For , leading structure same as 
proposed by Lee et.al.

N > 1

• Extract in MC by (had − part)(N)
(had − part)(2)

Q = mZ

Preliminary

• RG effects visible in the shape.

Ankita Budhraja, Nikhef 12/16

Schindler, Stewart, Sun 2023 
Chen, Monni, Xu, Zhu 2024

Lee, Pathak, Stewart, Sun 2024
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A look into non-perturbative effects
• Leading non-perturbative contribution by considering one energy flow detector along the direction 

of soft hadron
A.B, Pels, Waalewijn

Relevant when  is smallN
1
σ

dσ[N]

dR1
=

1
σ

dσ[N]
pert

dR1
+ N

ΛQCD

Q R3/2
1

+ (
ΛQCD

Q )N 1
R3/2

1

• For , new result that goes like 
  overall size of NP corrections 

stronger for .

N < 1
ΛN

QCD ⇒
N < 1

• Test this in MC by (had − part)(N)
(had − part)(0.1)

• Well governed by the predicted scaling 
for sufficiently small-N Preliminary

Ankita Budhraja, Nikhef 12/1607/05/2025



Looking at energy distribution inside jets
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contamination from soft radiation, and o↵er a direct connection with quantum field theory. The
current parametrization used for energy correlators, however, is based on redundant pairwise an-
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energy correlators that features a simpler phase space structure and preserves information about
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traditional projected N -point energy correlator scales as MN/N ! on a jet with M particles, our
new parametrization achieves a scaling of M2 ln M independently of N . Theoretical calculations for
our new energy correlators di↵er from those of traditional parametrizations only at next-to-next-
to-leading logarithmic accuracy and beyond, and we expect that our simpler phase space structure
will simplify those calculations. We also discuss how to extend our parametrization to resolved N -
point energy correlators that encode angular distances between greater numbers of particles, and we
propose two possible generalizations for probing multi-prong jets and testing jet scaling behaviour.

Introduction — The flow of energy within hadronic jets
is an indispensable probe of Quantum Chromodynam-
ics (QCD) [1–6]. Energy correlator observables [7–11]
are particularly powerful tools for understanding energy
flow both theoretically and experimentally [12–14]. Since
energy correlators can be described directly in terms of
field-theoretic energy flow operators [15–22], one can use
sophisticated theoretical techniques, including the pow-
erful technology of conformal field theories [19, 23], to ex-
tract rich information about jet substructure, especially
in the collinear limit [24–37].

Recent work has highlighted the role of N -point en-
ergy correlators (ENCs) in precisely understanding the
fundamental structure of particle interactions. ENCs
probe angular correlations between N final-state parti-
cles, which o↵ers a simple and intuitive way to sepa-
rate physics at di↵erent scales and mitigate contamina-
tion from soft radiation. Applications focused on the
Large Hadron Collider (LHC) include the top quark mass
[38–40], hadronization transition [41, 42], dead-cone ef-
fect [43], gluon saturation [44], medium modifications in
heavy-ion collisions [45–51], and predictions for the en-
ergy flow of charged particles [52–55]. Further, energy
correlators have yielded the most precise jet substructure
measurement of the strong coupling constant to date [13].

In this Letter, we introduce a new parametrization
for energy correlators with a number of improved prop-
erties. First, our parametrization of the projected N -
point energy correlator (PENC) depends on the largest
distance R1 to a “special” particle s in a set of N

particles, suitably averaged over all choices for s; this
yields simpler phase space restrictions than the tradi-
tional parametrization for the PENC in terms of the
largest pairwise angle [25]. Second, when considering
more di↵erential information, our parametrization of re-

RN�1

iN�2

�N�1iN�1

R1 i1

R2 �2

i2

R3

��3

i3

s

RN
�1

<
· · ·

<
R2

<
R1

FIG. 1. A cartoon of the new parametrization of ENCs we
introduce in Eqs. (2) and (5). Instead of computing the ENC
using all

�
N
2

�
pairwise distances, we parametrize the ENC

with 2N � 3 oriented polar coordinates centered on a special
particle s, and then perform a momentum-weighted sum over
all choices for s.

solved ENCs (RENC) employs non-redundant polar coor-
dinates centered around the special particle, as in Fig. 1 ;
this di↵ers from the traditional approach, which uses
over-complete information from the set of all pairwise
distances and neglects information about the relative ori-
entation of particles. Third, our parametrization o↵ers
dramatic improvements in computational performance.
Finally, we anticipate that these conceptual and compu-
tational improvements will yield simpler theoretical cal-
culations. The implementation of the PENCs we intro-
duce in this work can be found on GitHub as an update
to FastEEC [56], and of our PENCs and RENCs at
ResolvedEnergyCorrelators [57].
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• A natural generalization   

• Use polar coordinates around the special particle. 

• Non-redundant parameterization. 

• Preserves orientation information.

⇒ Resolved energy correlators

RENC(R1, R2, ϕ2, R3, ϕ3, …) = ∫ dσ∑
s

zs ∑
i1≥…≥iN−1

zi1…ziN−1

× ( N
n1 n2…) δ(R1 − Rs,i1) δ(R2 − Rs,i2)

× δ(ϕ2 − ϕi1,i2) …

due to ordering of 
distances R1 > R2 > …
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Energy correlators have recently come to the forefront of jet substructure studies at colliders due
to their remarkable properties: they naturally separate physics at di↵erent scales, are robust to
contamination from soft radiation, and o↵er a direct connection with quantum field theory. The
current parametrization used for energy correlators, however, is based on redundant pairwise an-
gles with complex phase space restrictions. In this Letter, we introduce a new parametrization of
energy correlators that features a simpler phase space structure and preserves information about
the orientation of jet constituents. Further, our parametrization drastically reduces the computa-
tional cost to compute energy correlators on experimental data; whereas the time to compute a
traditional projected N -point energy correlator scales as MN/N ! on a jet with M particles, our
new parametrization achieves a scaling of M2 ln M independently of N . Theoretical calculations for
our new energy correlators di↵er from those of traditional parametrizations only at next-to-next-
to-leading logarithmic accuracy and beyond, and we expect that our simpler phase space structure
will simplify those calculations. We also discuss how to extend our parametrization to resolved N -
point energy correlators that encode angular distances between greater numbers of particles, and we
propose two possible generalizations for probing multi-prong jets and testing jet scaling behaviour.

Introduction — The flow of energy within hadronic jets
is an indispensable probe of Quantum Chromodynam-
ics (QCD) [1–6]. Energy correlator observables [7–11]
are particularly powerful tools for understanding energy
flow both theoretically and experimentally [12–14]. Since
energy correlators can be described directly in terms of
field-theoretic energy flow operators [15–22], one can use
sophisticated theoretical techniques, including the pow-
erful technology of conformal field theories [19, 23], to ex-
tract rich information about jet substructure, especially
in the collinear limit [24–37].

Recent work has highlighted the role of N -point en-
ergy correlators (ENCs) in precisely understanding the
fundamental structure of particle interactions. ENCs
probe angular correlations between N final-state parti-
cles, which o↵ers a simple and intuitive way to sepa-
rate physics at di↵erent scales and mitigate contamina-
tion from soft radiation. Applications focused on the
Large Hadron Collider (LHC) include the top quark mass
[38–40], hadronization transition [41, 42], dead-cone ef-
fect [43], gluon saturation [44], medium modifications in
heavy-ion collisions [45–51], and predictions for the en-
ergy flow of charged particles [52–55]. Further, energy
correlators have yielded the most precise jet substructure
measurement of the strong coupling constant to date [13].

In this Letter, we introduce a new parametrization
for energy correlators with a number of improved prop-
erties. First, our parametrization of the projected N -
point energy correlator (PENC) depends on the largest
distance R1 to a “special” particle s in a set of N

particles, suitably averaged over all choices for s; this
yields simpler phase space restrictions than the tradi-
tional parametrization for the PENC in terms of the
largest pairwise angle [25]. Second, when considering
more di↵erential information, our parametrization of re-
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FIG. 1. A cartoon of the new parametrization of ENCs we
introduce in Eqs. (2) and (5). Instead of computing the ENC
using all

�
N
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�
pairwise distances, we parametrize the ENC

with 2N � 3 oriented polar coordinates centered on a special
particle s, and then perform a momentum-weighted sum over
all choices for s.

solved ENCs (RENC) employs non-redundant polar coor-
dinates centered around the special particle, as in Fig. 1 ;
this di↵ers from the traditional approach, which uses
over-complete information from the set of all pairwise
distances and neglects information about the relative ori-
entation of particles. Third, our parametrization o↵ers
dramatic improvements in computational performance.
Finally, we anticipate that these conceptual and compu-
tational improvements will yield simpler theoretical cal-
culations. The implementation of the PENCs we intro-
duce in this work can be found on GitHub as an update
to FastEEC [56], and of our PENCs and RENCs at
ResolvedEnergyCorrelators [57].
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Energy correlators have recently come to the forefront of jet substructure studies at colliders due
to their remarkable properties: they naturally separate physics at di↵erent scales, are robust to
contamination from soft radiation, and o↵er a direct connection with quantum field theory. The
current parametrization used for energy correlators, however, is based on redundant pairwise an-
gles with complex phase space restrictions. In this Letter, we introduce a new parametrization of
energy correlators that features a simpler phase space structure and preserves information about
the orientation of jet constituents. Further, our parametrization drastically reduces the computa-
tional cost to compute energy correlators on experimental data; whereas the time to compute a
traditional projected N -point energy correlator scales as MN/N ! on a jet with M particles, our
new parametrization achieves a scaling of M2 ln M independently of N . Theoretical calculations for
our new energy correlators di↵er from those of traditional parametrizations only at next-to-next-
to-leading logarithmic accuracy and beyond, and we expect that our simpler phase space structure
will simplify those calculations. We also discuss how to extend our parametrization to resolved N -
point energy correlators that encode angular distances between greater numbers of particles, and we
propose two possible generalizations for probing multi-prong jets and testing jet scaling behaviour.

Introduction — The flow of energy within hadronic jets
is an indispensable probe of Quantum Chromodynam-
ics (QCD) [1–6]. Energy correlator observables [7–11]
are particularly powerful tools for understanding energy
flow both theoretically and experimentally [12–14]. Since
energy correlators can be described directly in terms of
field-theoretic energy flow operators [15–22], one can use
sophisticated theoretical techniques, including the pow-
erful technology of conformal field theories [19, 23], to ex-
tract rich information about jet substructure, especially
in the collinear limit [24–37].

Recent work has highlighted the role of N -point en-
ergy correlators (ENCs) in precisely understanding the
fundamental structure of particle interactions. ENCs
probe angular correlations between N final-state parti-
cles, which o↵ers a simple and intuitive way to sepa-
rate physics at di↵erent scales and mitigate contamina-
tion from soft radiation. Applications focused on the
Large Hadron Collider (LHC) include the top quark mass
[38–40], hadronization transition [41, 42], dead-cone ef-
fect [43], gluon saturation [44], medium modifications in
heavy-ion collisions [45–51], and predictions for the en-
ergy flow of charged particles [52–55]. Further, energy
correlators have yielded the most precise jet substructure
measurement of the strong coupling constant to date [13].

In this Letter, we introduce a new parametrization
for energy correlators with a number of improved prop-
erties. First, our parametrization of the projected N -
point energy correlator (PENC) depends on the largest
distance R1 to a “special” particle s in a set of N

particles, suitably averaged over all choices for s; this
yields simpler phase space restrictions than the tradi-
tional parametrization for the PENC in terms of the
largest pairwise angle [25]. Second, when considering
more di↵erential information, our parametrization of re-
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introduce in Eqs. (2) and (5). Instead of computing the ENC
using all
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pairwise distances, we parametrize the ENC

with 2N � 3 oriented polar coordinates centered on a special
particle s, and then perform a momentum-weighted sum over
all choices for s.

solved ENCs (RENC) employs non-redundant polar coor-
dinates centered around the special particle, as in Fig. 1 ;
this di↵ers from the traditional approach, which uses
over-complete information from the set of all pairwise
distances and neglects information about the relative ori-
entation of particles. Third, our parametrization o↵ers
dramatic improvements in computational performance.
Finally, we anticipate that these conceptual and compu-
tational improvements will yield simpler theoretical cal-
culations. The implementation of the PENCs we intro-
duce in this work can be found on GitHub as an update
to FastEEC [56], and of our PENCs and RENCs at
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Distinguishing jet samples
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• Qualitative differences between QCD jets and W-boson initiated jets.

• Not visible in old parametrization as orientation information is lost.
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Radial distribution for different jets
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Summary & Outlook

Thanks for your attention !

• We developed an approximate approach to evaluate arbitrary -correlators on real jet samples and 
used it to extract QCD anomalous dimension from CMS Open Data. 

ν

• We proposed a new non-redundant parametrization that also preserves orientation.

• In perturbative region, differences are small . Leading non-perturbative corrections 
compared with MC data.

∼ 𝒪(1%)

• Provides practical computational costs that can allow for potential future explorations. Theoretically 
nothing is lost, phenomenologically and experimentally everything is gained.

• Potential for future explorations with generalizations to more than one special particle as well high 
multiplicity environments of heavy ion collisions. 
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