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Outline

The role of coherence in QCD resummations

Super-leading logarithms in gaps between jets

Super-super-leading logarithms in one-jettiness
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Coherence in 

QCD resummation
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Notation and conventions
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Representation-independent notation for soft radiation

The amplitude squared can be also written in terms of a colour-density matrix



Coherence

Coherence of QCD radiation: gluons at large angles feel only the total colour 

charge of the emitters
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[Bassetto Ciafaloni Marchesini Phys. Rept. 100 (1983) 201]
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Coherence
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Coherence of QCD radiation: gluons at large angles feel only the total colour 

charge of the emitters [Bassetto Ciafaloni Marchesini Phys. Rept. 100 (1983) 201]



Coherence

7

+

Coherence of QCD radiation: gluons at large angles feel only the total colour 

charge of emitters

Thanks to coherence, soft emissions widely separated in angle are emitted 

independently off the hard legs

[Bassetto Ciafaloni Marchesini Phys. Rept. 100 (1983) 201]



Resummable jet observables

In the Born limit,                   

In the limit           , quasi-Born kinematics, all secondary emissions                  are 

soft and/or collinear  
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We consider a generic recursively infrared and collinear (rIRC) safe observable



NNLL resummation : FSR

Resummation of large logarithms can be expressed as the product of a 

Sudakov exponent and correction factors
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Clustering 

(jet algorithms only)
Correlated emission

Hard collinear

Recoil Soft wide-angle

Running coupling

Rapidity

(jet algorithms)

Soft-collinear

(event shapes)

[Arpino AB El-Menoufi 1912.09431]



NNLL resummation : ISR

In the presence of initial-state radiation, the structure of the resummation is 

formally the same as for final-state radiation
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Clustering 

(jet algorithms only)
Correlated emission

Hard collinear

Recoil Soft wide-angle

Running coupling

Rapidity

(jet algorithms)

Soft-collinear

(event shapes)

[Peake AB Lim Reichelt et al 2608.xxxxx]



NNLL resummation : ISR

In the presence of initial-state radiation, the structure of the resummation is 

formally the same as for final-state radiation
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Clustering 

(jet algorithms only)
Correlated emission

Hard collinear

Recoil Soft wide-angle

Running coupling

Rapidity

(jet algorithms)

Soft-collinear

(event shapes)

[Peake AB Lim Reichelt et al 2608.xxxxx]

Lund-tree observables in colour-singlet 

production

One-jettiness in H+jet production

[van Beekveld et al 2511.16723]

[Gaunt et al 1505.04794]



NNLL ñrecoilò correction

This correction occurs when an ensemble of soft-collinear gluons is accompanied 

by a single hard-collinear emission
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observable with full hard-collinear 

kinematics

observable with soft-collinear kinematics

Averageover configurationswith an arbitrary number of soft and collineargluons

final-state radiation initial-state radiation



Coherence violating logarithms
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In hadron collisions, coherence is violated in the presence of Coulomb gluons, which 

can transfer colour from one incoming parton to the other

Coulomb-gluon exchanges (subleading in     )    

can endanger the factorisation of collinear singularities into parton distribution 

functions     factorisation proofs needed

even in the presence of collinear factorisation, they give rise to coherence-violating  

logarithms (CVLs) that are not captured by ñtraditionalò resummation techniques
[Forshaw Kyrieleis Seymour hep-ph/0604094]

[Catani De Florian Rodrigo 1112.4405]

[Becher Hager Jaskievicz Neubert Schwienbacher 2408.10308]



Super -leading 

logarithms
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Rapidity gap between jets

Consider the cross section for two jets with large transverse momentum          

and no jets with transverse momentum larger than               in a rapidity gap 

between the jets of width    
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(gap) survival probability 



Computing the survival probability
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The first-ever all-order calculation of the gap survival probability considered a 

veto on all gluons emitted from the hard legs only

[Forshaw Holguin 2109.03665]

[Oderda Sterman hep-ph/9806530]

It is known that this approximation misses non-global logarithms
[Dasgupta Salam hep-ph/0104277]



Super -leading logarithms
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Beyond the large-Nc limit, real emissions outside the gap can change the colour 

space of virtual corrections

Such contributions are one log higher that the leading logarithms                         , 

hence the name super-leading logarithms 

+

[Forshaw Kyrieleis Seymour 0808.1269]
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SLL in the lund plane
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Coulomb 

gluons 

live here

singularitiessingularities

The Lund plane is an effective way to picture soft/collinear emissions

area ~

line ~



SLL in the lund plane
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Only virtual corrections survive inside the gap 



SLL in the lund plane
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Only virtual corrections survive inside the gap 

colour suppression



SLL in the lund plane
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An additional collinear gluon outside the gap can be ñcolour trappedò



SLL at fourth order
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hardest gluon outside the gap second-hardest gluon outside the gap

vanishes for less than 3 Born partons vanishes for less than 4 Born partons

[Forshaw Kyrieleis Seymour 0808.1269]



One -jettiness
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N-jettiness
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Jettiness is a class of observables introduced to characterise the properties 

of jets

The N-jettiness is defined in such a way that, for             , an event 

contains only N highly collimated jets  

Assuming coherence, N-jettiness satisfies an all-order factorisation formula: 

this gives very high accuracy in the N-jet region

Due to both its calculability and simplicity, N-jettiness is also used for

Isolation of exclusive N-jet events for BSM searches

Resolution variable for phase-space slicing in NNLO calculations

[Stewart Tackmann Waalewjin 1004.2489]

[Lindert et al 1705.04664]

[Alioli et al 2312.06496]

[Gaunt et al 1505.04794]



One -jettiness in the Lund plane
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In Z+jet event, we define one-jettiness as 



Large gap between jets
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Let us focus on Z+jetand increase the gap between the jet and the beamé



Large gap between jets
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é until it scales like the logarithm of the veto scale



Analogy with one -jettiness
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The one-jettiness constraint can be 

interpreted as a distorted version of the gap 

between jets, with a diagonal boundary

?


