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Motivation and Introduction

• Regard Higgs production/decay into
two gluons via b-quark loop 

• Not major contribution, but rich and 
interesting mathematical structure

• Work in SCET framework:

➢ decompose momenta into light-cone
components:

➢
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Motivation and Introduction

• By applying method of regions, we
identify the relevant modes and 
construct the relevant operators

• In third term insert two subleading
SCET Lagrangians to couple hc-quarks to 
soft quarks
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[see also Neubert, Liu (2019)]



Motivation and Introduction

• By applying method of regions, we
identify the relevant modes and 
construct the relevant operators

• In third term insert two subleading
SCET Lagrangians to couple hc-quarks to 
soft quarks

• In O3 integrate out hc-momenta in 
matching of SCET-I to SCET-II
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➢

[see also Neubert, Liu (2019)]



The radiative Jet Function

• Compare with abelian case: The photon Jet Function from

➢ Exchange radiated gluon by radiated photon

➢ Photon Jet Function also appears in B-meson decay

➢ B-meson decay rate is proportional to 

➢ Can deduce renormalisation of        based on RG consistency
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Jet Function B-meson LCDA

[Bosch, Lange, Neubert (2004)]



The radiative Jet Function

• With factoriation as a starting point, we define the Jet Function by

• and 

• ps is carried away by the (multipole expanded) soft quark soft function

• k is collinear momentum of radiated gluon
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The radiative Jet Function
• With factoriation as a starting point, we define the Jet Function by

• Comparison with radiative Photon Jet Function
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[Liu, Neubert (2020)]



Calculation of Jet Function
• Using light-cone gauge results in gluon propagator

(Covariant gauge delivers same result)

but simplifies Wilson lines and gauge-invariant building blocks

• To project out Dirac structure use
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Calculation of Jet Function
• Practical workflow:

➢ Draw all relevant Feynman diagrams

➢ Perform IBP to reduce expression to Master Integrals

➢ After implementing relations between MIs we find same MIs as in abelian case

➢ MIs are calculated by direct Feynman parametrisation or dimensional recurrence relations
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Calculation of Jet Function
• At Leading order:

• At NLO:  

AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATIONAXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION 10THE 2-LOOP RADIATIVE GLUON JET FUNCTION 10



Calculation of Jet Function
• At NNLO:
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Calculation of Jet Function
• At NNLO:

AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATIONAXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION 12THE 2-LOOP RADIATIVE GLUON JET FUNCTION 12



Calculation of Jet Function
• At NNLO:

• with
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Comparison at bare Level
• Compare with bare photon Jet Function that appears in                   and  
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Comparison at bare Level
• Compare with bare photon Jet Function that appears in                   and  

• Does a simple replacement also hold for the NLO renormalisation, i.e.                                         ?
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Comparison at bare Level
• Compare with bare photon Jet Function that appears in                   and  

• Does a simple replacement also hold for the NLO renormalisation, i.e.                                           ?

➢ No, the analytical structure at NLO is too trivial to deduce correct non-local term

• For 1-Loop renormalisation use two different methods

1) Conjecture based on renormalisation of third term of factorisation theorem

2) Direct Calculation
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NLO Renormalisation, Conjecture Method

• Reminder:                                                           , 

• is RG-invariant (up to cutoff corrections)

• H3, its renormalisation and RGE are known from

• Now assume up to colour factors of local and non-local term:

• Find with and the deduced

renormalises the soft function in non-trivial way
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NLO Renormalisation, Direct Calculation

• Method first used by Bodwin et al. for Soft Function

• Blob = Jet Function at one-loop-level

• Only use structure of Jet Function, not exact result, i.e. use

➢

➢ is the Lange-Neubert kernel
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[Bodwin et al. (2021)]

[Lange, Neubert (2003), Grozin, Neubert (1997)]



Renormalised Jet Function

• Renormalised Jet Function at NLO: 

• From here we can derive RGE and anomalous dimension:
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Renormalisation at NNLO

• At NNLO the renormalisation factor is given by

• In general:

• =difference of cusp an. dim. in fundamental and adjoint, and      to be determined

AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION AXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATIONAXIONLIKE PARTICLES AND LEPTON-FLAVOR VIOLATION 20THE 2-LOOP RADIATIVE GLUON JET FUNCTION 20

Renormalisation of αs Renormalisation of J(1) also removes
divergences

Non-local term, to 
be determined



Refactorisation Theorems

• Can check that the same refactorisation theorems hold in gluon case compared to                       

for bare quantities as a further cross-check

➢

➢

• with and
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[Liu, Meçaj, Neubert, Wang (2020)]



Refactorisation Theorems

• Can check that the same refactorisation theorems hold in gluon case compared to                       

for both bare and renormalised quantities

➢ ,
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Summary and Outlook

• Radiative gluon jet function is an interesting object to study, appears in                   

factorisation theorems

• Calculated jet function up to NNLO (2-Loop)

• Renormalised jet function up to NLO using two different methods

• Confirmed refactorisation theorems also for

• Renormalisation at 2-Loop order is ongoing work
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Summary and Outlook
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Backup Slides
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Photon Jet Function at 2-Loop
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•

• and 
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