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Big picture

MC generation: 

compute cost     =      cost per CPU-hour  

          ×  CPU hours per event 

                    × number of events 

can we reduce ε? 



I.    Theory recap
NLO parton shower matching is a key workhorse for 
LHC phenomenology

➔ NLO fixed-order
extra loop, extra leg

➔ parton-shower algorithms
iterative splittings approximate missing MEs

➔ angular-ordered or dipole?
Herwig’s two native showers

➔ NLO matching
…best of both worlds?



Anatomy of NLO
perturbative expansion:
(‘loops and legs’)

subtraction terms 
provided by Catani-Seymour dipoles
(automated in H7 Matchbox module)



Theoretical parton showers
differential splitting probability (type ‘ɑ’):

Sudakov factor (no-emission probability):

Iterative operator:

NB: unitary!



Theoretical Practical parton showers
Choose:

1. emission kernels

2. phase-space mappings

3. evolution variable

4. starting scale              , cut-off scale

5. renormalisation scales 



NLO parton shower matching
parton showers allow predictions for exclusive, high-multiplicity final-states

NLO fixed order is limited to a single extra resolved emission

→NLO ‘matching’ combines both

non-trivial
→ can’t spoil hard-won NLO accuracy: need control over O(as) terms
→ can’t spoil parton shower logarithmic accuracy

→ in particular: avoid double-counting where the shower generates an 
approximation to the real ME



II.   NLO matching
Herwig’s Matchbox module supports both major 
general-purpose NLO matching methods

➔ MC@NLO
‘subtractive’ matching

➔ Powheg
’multiplicative’ matching: modifies shower

Coming soon (H7.4) for colour-singlet final states:

➔ KrkNLO
’multiplicative’ matching: modifies PDF 
factorisation scheme
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Nason [arXiv: 0409146]

Frixione & Webber
 [arXiv: 0204244]
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MC@NLO

(based on work with Simon Plätzer and Andrzej Siódmok)

Main idea:
→ shower subtracted real-phasespace events

(‘H’-events)
→ separately, shower born-phasespace events

(‘S’-events)
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fix: make them multiplicative



KrkNLO

Main idea:
→ change PDF factorisation scheme

(‘Krk’ scheme: not MSbar!)

→ matching becomes multiplicative

→ no subtraction: weights become 
positive



KrkNLO

Progress:
→ Drell–Yan Jadach et al [arXiv: 1503.06849]

Higgs Jadach et al [arXiv: 1607.06799]

→ general (q-qb) colour singlet 
processes now implemented
Sarmah, Siódmok, JW [arXiv: 2409.16417]

→ ongoing complementary theory, 
pheno and computational studies

https://arxiv.org/abs/1503.06849
https://arxiv.org/abs/1607.06799
https://arxiv.org/abs/2409.16417
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KrkNLO

Outlook:

→ due to be included in Herwig 7.4.0

→ pheno studies in progress

→ possible extensions to NLO 
merging, non-singlets, (NNLO?)



(based on work with Simon Plätzer and Andrzej Siódmok)

‘Make them multplicative’ for MC@NLO:

→ restructure MC@NLO code in Matchbox to 
generate reweights in place of subtractions

fix: make them multiplicative

MC@NLO with Matchbox



Matchbox restructuring
reducing the fraction of negative weights

(including new flexibility to study matching uncertainty)

old components:
● real shower subtraction
● ‘virtual shower subtraction’

○ generate real-type

○ subtractive projections

● born-type

additional new component:
● ‘inclusive ME’

○ generate born-type

○ radiative splittings

Plätzer/Siódmok/JW [ongoing]
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Matchbox restructuring

validation ongoing (preview)

Plätzer/Siódmok/JW [ongoing]



Thank you!



Parton showers in Herwig 7
angular-ordered vs Herwig dipole shower
different choices of

1. emission kernels

2. phase-space mappings

3. evolution variable

customisable:

4. starting scale              , cut-off scale

5. renormalisation scales 

different (reasonable) choices encapsulate different physics
several others are also available (Pythia, Sherpa CSS, Vincia, Dire, Alaric etc)



Angular-ordered 
(‘q-tilde’)



Dipole shower



MC@NLO Powheg

from arxiv: 1111.1220
(Höche, Krauss, Schönherr, Siegert)

https://arxiv.org/abs/1111.1220


Overview of H7
Full-featured Monte Carlo event generator:

● NLO+PS matching with Matchbox (using dipole subtraction)
○ loops: MadGraph/OpenLoops/GoSam/NJet/(any BLHA2)
○ pdfs: LHAPDF

● interchangeable parton showers (dipole, angular-ordered)
● interchangeable hadronisation models (cluster, or string via Pythia)
● analysis: Rivet/HepMC




