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OUTLINE

• Brief recap SCET and motivation

• Generic soft functions

• A few results



SOFT-COLLINEAR EFFECTIVE 
THEORY

• Effective theory:

• soft/collinear QCD modes dynamic, 

• high virtuality integrated out

• Decouple soft & collinear in Lagrangian (at leading power)

• Collect factorisation theorem, e.g. for Higgs production
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• Single scale ingredients, e.g.

• Resummation via RG running



RUNNING GEAR
• For NNLL, we need

• 3-loop Cusp anomalous dimension

• 2-loop ingredient anomalous dimensions (mod consistency)

• 1-loop matching corrections / renormalised ingredient 
functions



RUNNING GEAR
• For NNLL’, we need

• 3-loop Cusp anomalous dimension

• 2-loop ingredient anomalous dimensions (mod consistency)

• 2-loop matching corrections / renormalised ingredient 
functions

• Look at soft functions: Can we streamline this? 



DO WE NEED TO?
• Proliferation of similar calculations:

• Attempts to gather scattered ingredients exist

• What about calculations themselves?

‣ Thrust 
[Becher, Schwartz, ’08]

‣ C-Parameter 
[Hoang, Kolodrubetz, Mateu, Stewart, ’14]

‣ Soft-drop jet mass 
[Frye, Larkoski, Schwartz, Yan, ’16]

‣ Angularities 
[Bell, Hornig, Lee, Talbert, ’18]

…

‣ Threshold Drell-Yan 
[Becher, Neubert, ’07]

‣ W/Z/H at large  
[Becher, Bell, Lorentzen, Marti, ’13, ’14]

pT

‣ Rapidity-dependent jet veto 
[Gangal, Gaunt, Stahlhofen, Tackmann, ’16]

‣ Broadening-axis Angularities 
[Larkoski, Neill, Thaler, ’08]

…

[SCETlib: Ebert, Michel, Tackmann, SCET18]



SOFT FUNCTIONS
• Universal (B2B) dijet Laplace space soft functions: 

 

• Matrix element is not nice, but fixed

• Measurement is harmless, but observable-dependent

• Extract divergences, expand to Laurent series:
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NLO

• Matrix element:

• Parametrise: 

• (Informed) Assumption:

• Master formula after integrating: (SCET-1)
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“INFORMED ASSUMPTION”

• Exponential: Fourier/Laplace transform of delta

•    : calculation space observable  

•      : only scale, power determined by mass dimension of the observable  
(could in principle have any positive power)

•     dependence: classification (not an assumption),    tied to mode structure

•                : must be positive and almost everywhere non-zero

‣ Excludes non-global observables
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• Divergences in amplitude  behaviour of observable

• At NLO: We need to understand how the observable 
depends on  and .

• Mass dimension and mode structure are enough here:

⇔

kT yk

WHY IS THIS IMPORTANT?
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NNLO
• Same idea, two structures:                       &

• Divergences Uncorrelated

• Collinear to

• Soft
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• Two unconstrained limits cause problems:

‣ Take NAE, assume :n > 0

A WORD ON C2
F

!(k, l) = kT yn/2k f(yk,#k) + lT yn/2l f(yl,#l)
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• Two unconstrained limits cause problems:

‣ Take NAE, assume :n > 0

• Solution: Use linearity in scale variables to sneak in correcting 
factors:                   , similar for l
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SOFTSERVE
• C++ (well, C) implementation, using Cuba library (Divonne)

• A recipe to generate numerical integration binaries

• Manual user input required (apply parametrisation to definition)

• Scripts for renormalisation, Fourier transforms

• Uses substitutions to flatten integrable divergences

• Can be found on softserve.hepforge.org (for now only correlated)

(Soft function Simulation and Evaluation for Real and Virtual Emissions)

http://softserve.hepforge.org


SOFTSERVE IN ACTION
• Edit input    make    run⇒ ⇒
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• Edit input    make    run⇒ ⇒



SOFTSERVE IN ACTION
• Edit input    make    run⇒ ⇒



VANILLA RESULT: 
ANGULARITIES

• Generalisation of  Thrust

• Used for resummation in [Bell et al.,1808.07867]
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VANILLA RESULT:
SOFT DROP JET MASS

• Violates Non-abelian exponentiation

• Green: Extraction using EVENT2 in [Frye et al,1603.09338]
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ASIDE: COMPLEXITY

• Performance of SoftSERVE is essentially 
uncorrelated with complexity of input

• Angularities measurement (momentum space):

�
�
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SOFT DROP MEASUREMENT
• A bit more complex
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DIJET NON-BACK-2-BACK
• Boost to B2B frame

• Transverse space more complicated, more angular dependence (unless 
we’re lucky): 5 dynamic angles, not 3

• If we’re lucky:   [Caola et al.,1807.05835], 

• Not even an SCET calculation: 
"The double-soft integral for an arbitrary angle between hard radiators”
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CONCLUSION
• We have developed an approach to streamline the 

calculation of dijet soft functions in (mostly) SCET

• Though not mentioned: SCET-1 and SCET-2 covered

• SoftSERVE is publicly available for correlated emissions, and 
will soon be for the uncorrelated ones

• Some ideas for extensions exist (e.g. non-global, next talk 
by Bahman), taking requests…



SCET-2
• SCET-2 observables exhibit rapidity divergences

• Resum using collinear anomaly or Rapidity renormalisation group

• Second regulator required

• We use a phase space regulator
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CALAMITY!

• Transverse momentum resummation using phase 
space regulator and RRG: poles don’t cancel!

• RRG requires regulator on connected webs

• Using that we reproduce the correct result:

S2 = 10.352(8)[10.347]CFTfnF � 16.517(59)[16.507]CfCA +
⇡4

18
C2

F
<latexit sha1_base64="Gl9NnN+7IvFBkCqBs3x0eUlff6Y="></latexit>

[Lübbert et al,1602.01829]



SCET-2, PART DEUX
• Angularities are parametric across a spectrum

• One point is SCET-2

• We can interpolate! [1805.12414 ]: 
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SCET-2, PART DEUX
• Angularities are parametric across a spectrum

• One point is SCET-2

• We can interpolate! [1805.12414 ]: 

• But only for anomaly exponent/anomalous dimension 
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