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Super-Leading Logarithms

• Large logarithms in jet processes
at hadron colliders (pp → jets):

• Non-global observable: gap between jets
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“super-leading logarithms”[J. R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)]
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Super-Leading Logarithms

• Large logarithms in jet processes
at hadron colliders (pp → jets):

• Non-global observable: gap between jets

• From secondary emissions

• Were studied for processes without Glaubers

Josua Scholze - 3

“super-leading logarithms”[J. R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)]
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Non-Global Logarithms



Super-Leading Logarithms (SLLs) 
• SCET factorization theorem:

    with
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[T. Becher, M. Neubert, D. Shao (2021); + M. Stillger (2023)]

Hard functions Low-energy matrix elements
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• SCET factorization theorem:

    with

• For resummation, set:

Super-Leading Logarithms (SLLs)
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[T. Becher, M. Neubert, D. Shao (2021); + M. Stillger (2023)]

Hard functions Low-energy matrix elements

Anomalous dimension matrix

PDFs
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Anomalous dimension
• Full anomalous dimension:

• Ingredients of soft anomalous dimension:
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Purely soft part Glauber phaseSoft+collinear part

Purely collinear part: subleading
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Roadmap for Resummation of SLLs

Josua Scholze - 7 Towards Multiple Soft Emissions in LHC Jet Production

(selected)

Leading-logarithmic 
contributions
(1 തΓ and 2 𝑉𝐺)

[2107.01212] 
[2307.06359]

[2405.05305]

+ RG-improved+ subleading 
Glauber phases

(1 തΓ and n 𝑉𝐺)

[2307.11089]
[2311.18811]
[2407.01691]

(2 ഥ𝚪 and 1 𝑽𝑮) (2 തΓ and 2 𝑉𝐺)
Multiple soft emissions

Set of operators:



Color Structures (2 തΓ and 1 𝑉𝐺)
• Cyclicity of the trace:

• Color coherence:

• Filling up with          insertions:
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and

and

and

Known from SLLs with 
one soft emission

New type of structures
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Color Structures (2 തΓ and 1 𝑉𝐺)
• Insertions of        in in a priori very technical:

    Interplay of the real emissions and other color structures
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Containing e.g.:



Color Structures (2 തΓ and 1 𝑉𝐺)
• Insertions of        in in a priori very technical:

    Interplay of the real emissions and other color structures

• Trick: observe the relation 

• To perform insertion of        :

•     is an eigenvector of    with eigenvalue 𝑁𝑐  
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Containing e.g.:

Color structure in
Use:



Obtaining a Symmetrized Color Basis (2 തΓ and 1 𝑉𝐺)
• With 3 color operators (familiar):

• With 5 color operators (new):

• Contains now symmetrized products of final states
and up to 3 distinct final states
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Final states

Initial states



Angular integrals
• For one soft emission: 𝐽12 and 𝐽𝑖 = 𝐽1𝑖 − 𝐽2𝑖
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Soft dipole operator:

Jet

Jet
Veto

region

Rapidity:



Angular integrals
• For one soft emission: 𝐽12 and 𝐽𝑖 = 𝐽1𝑖 − 𝐽2𝑖

• Now products, e.g.: 𝐽𝑖 𝐽1𝑖 or 𝐽𝑖 𝐽𝑗𝑚
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Soft dipole operator:

Jet

Jet
Veto

region

Rapidity:



Angular integrals
• For one soft emission: 𝐽12 and 𝐽𝑖 = 𝐽1𝑖 − 𝐽2𝑖

• Now products, e.g.: 𝐽𝑖 𝐽1𝑖 or 𝐽𝑖 𝐽𝑗𝑚

• Additionally products like 𝐽𝑖 𝐽12
+  ,

because one തΓ emission can stay in the jet
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Subtracted dipole:

Jet

Jet
Veto

region

Rapidity:



Angular integrals
• For one soft emission: 𝐽12 and 𝐽𝑖 = 𝐽1𝑖 − 𝐽2𝑖

• Now products, e.g.: 𝐽𝑖 𝐽1𝑖 or 𝐽𝑖 𝐽𝑗𝑚

• Additionally products like 𝐽𝑖 𝐽12
+

• And non-global structures:
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Jet

Jet
Veto

region

Rapidity:



Outlook: case with 2 തΓ and 2 𝑉𝐺

• For a real contribution: 2 Glauber phases 𝑉𝐺  required

• Angular integrals: complexity fixed by the 2 തΓ insertions

• Color structures: more involved, but doable
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Color Structures (2 തΓ and 2 𝑉𝐺)
• Starting from

• Adding        and the second          (using               ):
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and
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Remember:

(Γ𝑐)𝑟V𝐺  applied at color 
structure discussed before 

തΓ applied at color structures
with one soft emission



Color Structures (2 തΓ and 2 𝑉𝐺)
• Starting from

• Adding        and the second          (using               ):

• Much more color structures (order of 100), e.g.:
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and
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Remember:

തΓ applied at color structures
with one soft emission

(Γ𝑐)𝑟V𝐺  applied at color 
structure discussed before 



• Resummed subleading SLLs (2 തΓ and 1 𝑉𝐺)
• Color structures
• Angular integrals

• Observed non-global logarithms
in combination with SLLs

• Contributions to real cross sections (2 തΓ and 2 𝑉𝐺)

Open questions:
• Phenomenology for LHC

• More than 2 insertions of തΓ 
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When Super-Leading Logarithms Go Non-Global
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Multiple soft emissions
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