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Outline

1. Back to the early 90s and rapidity gaps: Bjorken; Dokshizter, Khoze & Sjöstrand

2. Don’t work with empty gaps: Oderda & Sterman

3. Leftfield – non-global logs: Dasgupta & Salam

4. Attempting to understand NGLs gives SLLs

5. Super-super-leading logs

6. Beyond leading colour – results from CVolver





1. “Gap survival” (Bjorken estimated 5% for SSC)

2. “Pomeron exchange”  (Mueller-Tang 1992 & Del Duca-Tang 1993)

Two big challenges

Sjöstrand & van Zijl 1987: underlying event 



But “gap survival” is process dependent

Recent work of Lee, Schindler & Stewart

“Proof of Factorization for Diffractive Hard Scattering” (Collins 1997) 
confirms the earlier conjecture of Kunszt-Stirling and Berera-Soper and generalizes 
the model of Ingelman-Schlein (1984) that predicted hard diffraction (UA8 1988)

HERA and the Tevatron



Don’t work with empty gaps

Q >> Q0 and Y large
subleading colour dominant

Wide-angle, soft gluons = 
interplay of colour and kinematics



A fly in the ointment: the discovery of non-global logarithms
Dasgupta & Salam 2001

hemisphere jet mass

need            for n > 1 even for leading logs = very complex colour



Trying to understand NGLs = discovery of SLLs Forshaw, Kyrieleis, Seymour 2006

This is pretty much the result on the previous slide

We expected cancellation in collinear limit







Becher, Hager, Martinelli, Neubert, Schwienbacher, Stiller (2025)
Becher, Neubert & Ding Yu Shao (2021)

Resummation

Multiple collinear + single soft = simplified
colour space



Jettiness contains super-super-leading logarithms

Banfi, Forshaw, Holguin 2025

2010 Stewart, Tackmann, Waalewijn



Extra log is from phase-space volume

Non-exponentiation of double logs
Resummation more challenging



Becher, Hager, Neubert, Schwienbacher 2026:

"Our findings imply that most existing factorization formulas for global LHC observables must be revised”



Nagy & Soper: 
2007 “Parton showers with 
quantum interference”
2012 “Parton shower evolution 
with subleading color” (LC+)
2014 DEDUCTOR
2015 “Effects of subleading color 
in a parton shower”

CVolver:

2014 Plätzer
2021 de Angeles, Forshaw, Plätzer
2025 Torre González, Forshaw, Plätzer

Going beyond the leading colour approximation: parton showers at amplitude-level



CVolver tracks all powers in
NC and vetos events that are sub-leading

= can compute to specified accuracy in 1/NC

e.g. d=1

Plätzer 2014



Results from CVolver 



See also Hatta & Ueda

Full colour = strict leading colour 

“Somewhat miraculous given the complexity of the 
calculation”











CVolver as a partonic event generator



green

red



Conclusions
Empty rapidity gaps are difficult to calculate. Gap survival, the underlying event and the 
nature of the pomeron remain unsolved, hard problems notwithstanding a huge amount of 
experimental and theoretical progress. 

The easier problem of wide-angle, soft-gluon resummation remains a major challenge….

Super-leading logarithms phenomenology: 

Need full resummation including (S)SLL and non-global logarithms matched to fixed-order to 
compare to data.

CVolver:

Sub-leading colour can easily be >10% in gaps between jets and in some cases much more 
than that. 

Something interesting is happening in the case of t-channel gluon exchange.

For the future: include incoming hadrons, kT ordering, hard-collinear physics. Early goal: 
numerical study of CVLs.

Beyond leading log & hadronization: Plätzer 2023
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