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Energy Correlators and Jet Substructures

Fragmentation to a jet (FFJ) in the large z limit

Energy Correlators and FFJ

An application to e+e- annihilation
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3

<latexit sha1_base64="606MH3hivT6K6zP45DQrA4AqWZQ="></latexit>

EEC(z) =
X

a,b

Z
d�ee!a+b+X

�

EaEb

Q2
�

✓
z � sin

✓2ab
2

◆

Properties:  IR safe; Friendly to Perturbative Calculation 
and Experimental Measurements

[Basham, Brown, Ellis, Love, PRL, 1978]
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Back-to-Back limit: related to TMD Fragmentation:

n̄ n⃗l⊥
⃗l⊥



N-Point Energy Correlators （ENC）
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Collinear Limit:  
Related to Inclusive Fragmentation Function to a Jet (FFJ).



Fragmentation to a Jet (FFJ)
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Quark FFJ: p+ ⌘ n̄ · p
p� ⌘ n · p
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[LD, Kim, Leibovich, Phys. Rev. D 94 (2016), 114023]
[Z. B. Kang, F. Ringer and I. Vitev, JHEP 10 (2016), 125]



FFJ in the large z limit
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Quark to quark Jet:

[LD, Kim, Leibovich, PRD 95, 074003 (2017)
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FFJ in the large z limit
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Quark to quark Jet:

There are two logs: log[EJR], log[EJR(1-z)]

[LD, Kim, Leibovich, PRD 95, 074003 (2017)
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FFJ in the large z limit
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Quark to quark Jet:

There are two logs: log[EJR], log[EJR(1-z)]

[LD, Kim, Leibovich, PRD 95, 074003 (2017)
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Collinear-Soft (CS) mode pcs ~EJ 𝜂(1,R2, R). 

In the large z limit, (1-z) ≪ 1, 1-z ~ O(𝜂)

CS at the boundary: p�cs/p
+
cs ⇠ R2

Factorize collinear and cs interactions to 
resum both logarithms



FFJ in the large z limit
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In the large z limit, (1-z) ≪ 1, 1-z ~ O(𝜂)

[LD, Kim, Leibovich, PRD 95, 074003 (2017)



N-Point Energy Correlators （ENC）
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MN =
N(N − 1)

2

Collinear limit:

Related to Inclusive Jet Fragmentation Function.



N-point Energy Correlator (ENC) 

10[LD, Kim, Leibovich, arXiv:2410.11614]

N-point Energy Correlator at :zL

ENC cumulant to jet radius :R



ENC and FFJ

11[LD, Kim, Leibovich, arXiv:2410.11614]



ENC and FFJ

11[LD, Kim, Leibovich, arXiv:2410.11614]



yixJ

ENC and FFJ

11[LD, Kim, Leibovich, arXiv:2410.11614]



yixJ

ENC and FFJ

11[LD, Kim, Leibovich, arXiv:2410.11614]



yixJ

ENC and FFJ

11[LD, Kim, Leibovich, arXiv:2410.11614]



yixJ

ENC and FFJ

11

<latexit sha1_base64="tJq9bpWummwdC630/c4TRPekp9U="></latexit>

J̄k,ENC(N,ER, µ) =

Z 1

0
dxxNDJ/k(x,ER, µ)

[LD, Kim, Leibovich, arXiv:2410.11614]



Large N-point limit also means large  limitx

Large N-point Limit

12

<latexit sha1_base64="tJq9bpWummwdC630/c4TRPekp9U="></latexit>

J̄k,ENC(N,ER, µ) =

Z 1

0
dxxNDJ/k(x,ER, µ)

[LD, Kim, Leibovich, arXiv:2410.11614]



Large N-point limit also means large  limitx

Large N-point Limit
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B = (EJR)2 + m2 μj = B, μs = B/N

[LD, Kim, Leibovich, arXiv:2410.11614]



Resummation small  and large R N

Large N-point Limit
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2 jetse+e− →
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[LD, Kim, Leibovich, arXiv:2410.11614]



2 jets (NLL)e+e− →

16[LD, Kim, Leibovich, arXiv:2410.11614]

B = (EJR)2 + m2 μj = B, μs = B/NScales:

Differences between light and heavy quark: small R region



Summary
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In the Collinear Limit:

N-point EEC cumulant is related to moments of FFJ 

Large-N point EEC corresponds to the large z limit of FFJ

Factorization Theorems of FFJ can be applied to EEC 
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