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Outline
•  (Sequential Light-cone Limit)


➡ A configuration for SCET


•  (n=4 for example)


➡ Ingredients of event shapes in collider physics (charge-charge correlator)


• Correlation function/Wilson loop duality


➡ Similar duality in 

x2
i,i+1 → 0−

⟨0 | jμ(x1)jν(x2)jρ(x3)jσ(x4) |0⟩

𝒩 = 4 SYM
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,


• which can be understood as:


• Why?
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 annihilation at e+e− O(αe)



•  at 


•

σtot(e+e−) ∼ ℱ(⟨0 | jμ(x)jμ(0) |0⟩) O(αe)

⟨0 | jμ(x)jμ(0) |0⟩ = ∑
X

⟨0 | jμ(x) |X⟩⟨X | jμ(0) |0⟩
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•  at 
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• Measure the number of hadron  along the direction : 

σtot(e+e−) ∼ ℱ(⟨0 | jμ(x)jμ(0) |0⟩) O(αe)

⟨0 | jμ(x)jμ(0) |0⟩ = ∑
X

⟨0 | jμ(x) |X⟩⟨X | jμ(0) |0⟩

h ̂n ∑
X

⟨0 | jμ(x) |X, h( ̂n)⟩⟨X, h( ̂n) | jμ(0) |0⟩
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•  at 
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• Count the quantum number  (energy, charge) along the direction : 



• A famous example: energy flow operator/calorimeter/ANEC operator
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⟨0 | jμ(x)jμ(0) |0⟩ = ∑
X

⟨0 | jμ(x) |X⟩⟨X | jμ(0) |0⟩

q ̂n

∑
h

∑
X

⟨0 | jμ(x) |X, h( ̂n)⟩qh⟨X, h( ̂n) | jμ(0) |0⟩
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•  at 


• 


• Count the quantum number  (energy, charge) along the direction : 



• A famous example: count the energy 


➡ “energy flow operator”/“calorimeter”/“ANEC operator”

σtot(e+e−) ∼ ℱ(⟨0 | jμ(x)jμ(0) |0⟩) O(αe)

⟨0 | jμ(x)jμ(0) |0⟩ = ∑
X

⟨0 | jμ(x) |X⟩⟨X | jμ(0) |0⟩

q ̂n

∑
h

∑
X

⟨0 | jμ(x) |X, h( ̂n)⟩qh⟨X, h( ̂n) | jμ(0) |0⟩ ≡ ⟨0 | jμ(x)𝕆[q]( ̂n)jμ(0) |0⟩

⟨0 | jμ(x)ℰ( ̂n)jμ(0) |0⟩
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⟨0 | jμ (x1) jν (x2) jσ (x4) jρ (x3) |0⟩
some integral transformation like
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• “energy flow” 


• “energy-energy correlator” 


➡  multi-point: 


• “charge-charge correlator” 


• Why  ?
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[Basham, Brown, Ellis, Love, 
1978] Review 

[Moult, Zhu, 
2506.09119][Chen, Luo, Moult, Yang, Zhang, Zhu, 1912.11050] 

[Chen, Moult, Zhu, 2011.02492] 
[Yan, Zhang, 2203.04349] 
[Yang, Zhang, 2208.01051] 
[Gao, Yang, Zhang, 2411.09428]…
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• Why  (sequential light-cone limit) ?


•  in this configuration “dominates” the “charge-charge correlator” 
in the back-to-back limit

x2
i,i+1 → 0−

⟨0 | jμ (x1) jν (x2) jσ (x4) jρ (x3) |0⟩
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• Why  (sequential light-cone limit) ?


•  in this configuration “dominates” the “charge-charge correlator” 
in the back-to-back limit

x2
i,i+1 → 0−

⟨0 | jμ (x1) jν (x2) jσ (x4) jρ (x3) |0⟩

IRC safe in the back-to back limit

[Monni, Vita, Xu, Zhu, 2508.00977]



57

• Why  (sequential light-cone limit) ?


•  in this configuration “dominates” the “charge-charge correlator” 
in the back-to-back limit

x2
i,i+1 → 0−

⟨0 | jμ (x1) jν (x2) jσ (x4) jρ (x3) |0⟩

!!!"
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• Why  (sequential light-cone limit) ?


•  in this configuration determines the “energy-energy correlator” in 
the back-to-back limit in CFT

x2
i,i+1 → 0−

⟨0 |𝒪 (x1) T (x2) T (x4) 𝒪 (x3) |0⟩

CFT 
[Korchemsky, 1905.01444] 
[Chen, Zhou, Zhu, 2301.03616]

!!!"



!!!"
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• Why  (sequential light-cone limit) ?


•  in this configuration determines the “energy-energy correlator” in 
the back-to-back limit in CFT

x2
i,i+1 → 0−

⟨0 |𝒪 (x1) T (x2) T (x4) 𝒪 (x3) |0⟩

jμ(x1)

jν(x2)

jρ(x3)

jσ(x4)

∼

CFT 
[Korchemsky, 1905.01444] 
[Chen, Zhou, Zhu, 2301.03616]
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•  determines 


•  (sequential light-cone limit) is related to “back-to-back” limit


•   

⟨0 | jμ (x1) jν (x2) jσ (x4) jρ (x3) |0⟩ ⟨0 | jμ(x)𝒬( ̂n1)𝒬( ̂n2)jμ(0) |0⟩

x2
i,i+1 → 0−

x2
i,i+1 → 0− ∼ SCETI
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• “Jet functions” in SCET


• 


• 


•

𝒥 ∼ ℱ[⟨χc̄ χ̄c⟩]

JSCET ∼ Im[𝒥]

j ∼ ∫
Q2

0
J(p2)

[Becher, Neubert, 
hep-ph/0603140]
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• “Jet functions” in SCET


• 


• 


•

𝒥 ∼ ℱ[⟨χc̄ χ̄c⟩]

JSCET ∼ Im[𝒥]

j ∼ ∫
Q2

0
J(p2)

 satisfies local RGj̃

[Neubert,  
hep-ph/0506245][Becher, Neubert, 

hep-ph/0603140]



• 2-loop result & 3-loop singular terms

67

[Chicherin, Henn, Sokatchev, Yan, 
2001.10806]



• 2-loop result & 3-loop singular terms
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[Chicherin, Henn, Sokatchev, Yan, 
2001.10806]



Correlation function/Wilson loop duality
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• Similar duality was established in :𝒩 = 4 SYM

[Alday, Eden, Korchemsky, 
Maldacena, Sokatchev, 1007.3243]



Correlation function/Wilson loop duality
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• Similar duality was established in :𝒩 = 4 SYM

“wavefunction”all order in perturbation theory 

[Alday, Bissi, 1305.4604]

“The amplitude that the operator creates a pair of particles”

“energy”

[Alday, Eden, Korchemsky, 
Maldacena, Sokatchev, 1007.3243]



• Similar duality was established in .


• Although the result seems similar, the argument is different.

𝒩 = 4 SYM

Correlation function/Wilson loop duality
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[Alday, Eden, Korchemsky, 
Maldacena, Sokatchev, 1007.3243]



• Similar duality was established in .


• Although the result seems similar, the argument is different. It would be 
interesting to translate their approach to the QCD cases.

𝒩 = 4 SYM

Correlation function/Wilson loop duality
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[Alday, Eden, Korchemsky, 
Maldacena, Sokatchev, 1007.3243]



Summary
• 


➡ 


• 


➡ 


• Correlation function/Wilson loop duality

x2
i,i+1 → 0−

SCETI

⟨0 | jμ(x1)jν(x2)jρ(x3)jσ(x4) |0⟩

⟨𝒬( ̂n1)𝒬( ̂n2)⟩j

73

x1
x3

x2
x4

x2
13

x2
24

x2
i,i+1 = 0


