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Herwig 7 Overview

[Herwig collaboration – Eur.Phys.J. C76 (2016) 665]

[Gieseke, Stephens, Webber – JHEP 0312 (2003) 045]
[Plätzer, Gieseke – JHEP 1101 (2011) 024]

Two shower modules: angular ordered and dipole-type.

[Plätzer, Gieseke – EPJ C72 (2012) 2187]
[Plätzer — JHEP 1308 (2013) 114]
[Bellm, Gieseke, Plätzer — EPJ C78 (2018) 244]

Automated NLO matching and multi jet merging.

Cluster hadronization model

Eikonal MPI model

Automated BSM simulations using UFO 
model files. [Gigg, Richardson — EPJ C51 (2007) 989]

[Richardson, Wilcock — EPJ C74 (2014) 2713]



Under the Hood

ME providers

ufo2herwig

Builtin ME

Matchbox hard process

Subtractive 
matching

Multiplicative 
matching

Dipole showerAngular ordered shower

Multijet merging

Multi Parton 
Interactions

(Cluster) 
hadronization

LHE files

Runtime interfaces to MG5(_aMC), OpenLoops, NJets, ….
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Matching & Merging automated inside Herwig



BSM Simulation

[Richardson for Tools 2020]

[Gigg, Richardson — EPJ C51 (2007) 989]
[Richardson, Wilcock — EPJ C74 (2014) 2713]

7.2.3 already out (old slides)



Matching & Merging

Matching & merging at NLO — works for general hard process.

[Plätzer — JHEP 08 (2013) 114]
[Bellm, Gieseke, Plätzer — EPJ C78 (2018) 244]

see also [Lönnblad, Prestel — JHEP 02 (2013) 049]

LO NLO NNLO

LO NLO

LO

Merging & matching
Unitarized merging

DIS example — re-validating with new analyses

[Richardson, Wilcock — EPJ C74 (2014) 2713]
NLO matching also applied to decay chains

[Plätzer, Gieseke – EPJ C72 (2012) 2187]



Parton showers



QCD coherence

Re-arranging amplitudes in soft-collinear limit.
Tremendous simplification of colour correlations, up to right colour factor for quark emissions

E
Ten

e t

If we could fix which emissions 
were soft and which collinear:

soft

collinear



Coherent branching showers
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Iterations of 1 to 2 branchings collinear to a jet progenitor direction.

[Catani, Trentadue, Turnock, Webber — Nucl.Phys.B 407 (1993) 3] 

[Catani, Marchesini, Webber — Nucl.Phys.B 407 (1991) 654] 

[Marchesini, Webber — Nucl.Phys.B 238 (1984) 29] 
[Gieseke, Stephens, Webber — JHEP 0312 (2003) 045]
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Sudakov factor and splitting function for
each internal line and branching vertex:



Dipole showers

→ →

Gluon emission off a circular chain.

The chain stays circular.

→ →

Gluon emission off a non-circular chain.

The chain stays non-circular.

→ →

g → qq̄ splitting in a circular chain.

The chain becomes non-circular.

→ →

g → qq̄ splitting in a non-circular chain,

triggering breakup of the chain.

qi = zpi +
p2
⊥

zsij
pj + k⊥

q = (1− z)pi +
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(1− z)sij
pj − k⊥
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z(1 − z)sij

)

pj ,

Account for change in radiation pattern from change in 
colour charges, azimuthal colour correlations built-in.

Can also implement 
momentum conservation 
locally, e.g.



The Herwig showers

Two complementary approaches, mostly similar in physics capabilities.

Parton branchings
order in angle.

Dipole branchings order
in transverse momentum.

Full mass effects

Spin correlations

Colour ME corrections

Matching plugin

Multijet merging

QED radiation

(Initial) soft radiation pattern set by initial conditions from colour flows of the hard process.

✕

✓ ✓

✓ ✓

✓✕

✓ ✓

✓✕

✓



Heavy quark evolution

[Cormier, Plätzer, Reuschle, Richardson, Webster — EPJ C79 (2019) 915]

[Gieseke, Stephens, Webber – JHEP 0312 (2003) 045]
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[Herwig++ Physics and Manual – EPJ C58 (2008) 639]
Quasi-collinear limit, ordering in angular variable

Dipole shower from quasi-collinear limit, 
ordered in transverse momentum

[Plätzer, Gieseke – JHEP 01 (2011) 024 & EPJ C72 (2012) 2187]

• Significantly improved b fragmentation from 
dipole shower

• Comparable description of heavy quark 
observables across both showers



Parton shower extras

• Spin correlations in both shower modules

• QED radiation in angular ordered shower
• Shower reweighting algorithms encode some variations 

on-the-fly

Several improvements on existing shower algorithms

[Webster, Richardson - Eur.Phys.J.C 80 (2020) 2]

Colour matrix element corrections
available in the dipole shower evolution:
Restore subleading colour corrections in 
dipole showers.

[Plätzer, Sjödahl – JHEP 1207 (2012) 042]
[Plätzer, Sjödahl, Thoren – JHEP 11 (2018) 009]

[Bellm, Plätzer, Richardson, Siodmok, Webster – PRD 94 (2016) 3]



Accuracy of Parton Showers

Understand and decide on accuracy of (existing) parton shower algorithms, take as a starting point for 
incremental improvements.

[Dasgupta, Dreyer, Hamilton, Monni, Salam et al. — JHEP 09 (2018) 033, …]
[Hoang, Plätzer, Samitz — JHEP 1810 (2018) 200] 
[Bewick, Ferrario, Richardson, Seymour — JHEP 04 (2020) 019]

NLO with matching
NLL with coherent branching

Issues in dipole showers
Issues in coherent branching

LL with dipole showers

H(αs)× exp (Lg1(αsL) + g2(αsL) + αsg3(αsL) + ...)

<latexit sha1_base64="CyuQFnVIYJ6N1RSl3cRvrz3aSzg="></latexit>
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Accuracy of Parton Showers

Understand and decide on accuracy of (existing) parton shower algorithms, take as a starting point for 
incremental improvements.

[Dasgupta, Dreyer, Hamilton, Monni, Salam et al. — JHEP 09 (2018) 033, …]
[Hoang, Plätzer, Samitz — JHEP 1810 (2018) 200] 
[Bewick, Ferrario, Richardson, Seymour — JHEP 04 (2020) 019]

NLO with matching
NLL with coherent branching

Issues in dipole showers
Issues in coherent branching

LL with dipole showers

[Dasgupta, Dreyer, Hamilton, Monni, Salam —PRL 125 (2020) 5]
[Forshaw, Holguin, Plätzer – JHEP 09 (2020) 014]
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Dipole showers reproducing coherent branching: 
NLL & NLC global, LL & LC non-global

H(αs)× exp (Lg1(αsL) + g2(αsL) + αsg3(αsL) + ...)
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Some Plots*
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(f) Heavy Jet Mass

Pinch of salt: we have not yet included the dipole partitioning from
[2011.15087]
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(Dipole) shower improvements
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[Bewick, Ferrario, Richardson, Seymour —JHEP 04 (2020) 019 & 01 (2022) 026]

Not only present in dipole showers, can even screw up 
angular ordered ones:

Need to allow building up 
high-mass events to not 
constrain shower evolution.

Herwig dipole shower is on track:

[Duncan, Holguin, Plätzer — ongoing]

Investigating a large class 
of accurate kinematic 
mappings and issues in 
the initial state.



Showering beyond QCD

We have started to extend showers from QCD to other interactions:

• Angular ordered shower in quasi-collinear limit rather straightforward.
• Relation to large-angle soft pattern and initial conditions still need investigation

ATLAS - 8TeV

Dijet ⊗ QCD⊕QED⊕EW PS

W+dijet ⊗ QCD⊕QED PS

W+jet ⊗ QCD⊕QED PS

Inc. W+jet(s) ⊗ QCD⊕QED PS
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[Masouminia, Richardson — arXiv:2108.10817]
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Work ongoing, e.g. [Plätzer, Sjödahl — arXiv:2204.03258]

Different charges require different angular ordering cones: 
one evolution variable per interaction.

In place for QED, soon for 
electroweak and possibly beyond.



Hidden valley angular ordered showers

First application now to a copy of QCD in the angular ordered shower for a dark sector.

[Masouminia,  Papaefstathiou, Plätzer, Siodmok — in progress] 

E
Ten
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Again applicable in quasi-collinear limit, group structure 

only in Casimirs. Much more investigations needed.



Hidden valley angular ordered showers

First application now to a copy of QCD in the angular ordered shower for a dark sector.

[Masouminia,  Papaefstathiou, Plätzer, Siodmok — in progress] 
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Hadronization & Colour Reconnection



Eikonal MPI Model
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[Figure by Stefan Gieseke]

[Gieseke, Loshaj, Kirchgasser — EPJ C77 (2017) 156]

matter distribution

soft & hard scatters

[Bellm, Gieseke, Kirchgasser — EPJC 80 (2020) 469]
colour reconnection

Key ingredients for MPI 
modelling in Herwig 7
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⊥,0

✓

b+
p
s

E0

◆c

[Gieseke, Kirchgaesser, Plätzer – EPJ C 78 (2018) 99]



Soft MPI
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New soft MPI model

Taming the accuracy of event generators, 27.08.2021Taming the accuracy of event generators (Part 2), 27.08.2021

[J. Bellm S. Gieseke P. Kirchgaesser, Eur.Phys.J.C 80 (2020)]

Additional soft ladders and diffractive topologies

[Gieseke, Loshaj, Kirchgasser — EPJ C77 (2017) 156]

Single and double diffraction only included through tuning: 
lack of energy extrapolation.
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[Bellm, Gieseke, Kirchgasser — EPJC 80 (2020) 469]
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Diffraction
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High-mass diffraction Multiperipheral particle production

• So far best description of cross sections for g3p=0

• Cross sections as predictions of the model (no DL 
parametrisation)

• Good extrapolation of energy dependence

[Seymour, Kirchgaesser, Gieseke — in progress]



Cluster Hadronization
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[Herwig++ 1.0 release — Gieseke et al. JHEP 02 (2004) 005][Figure by Patrick Kirchgaesser]

Shower Parton Splitter Fission Decay

Coherent shower evolution triggers universal 
cluster spectrum: pre-confinement.



Colour Reconnection

Herwig 7

ALICE Data
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[Gieseke, Röhr, Siodmok — EPJ C72 (2012) 2225]
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[Gieseke, Kirchgaesser, Plätzer – EPJ C 78 (2018) 99]

Plain colour reconnection 
uses fixed reconnection 
probability and lambda 
measure.

Generalize to geometric measure and baryonic systems



Hadronization

[Hoang, Plätzer, Samitz — in progress]

Extracting hadronization corrections 
event-by-event

[Bellm, Duncan, Gieseke, Myska, Siodmok  – EPJ C79 (2019) 1003]

Spacetime information in colour reconnection possibly 
relevant in dense environments

Interfacing to string model in progress.
[Siodmok — in progress]

Low energy 
hadronization.

[Masouminia — in progress]
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Ions

Pista + Herwig 7

Pista + Pythia 8
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[Greif, Greiner, Plätzer, Schenke, Schlichting  - Phys. Rev. D. 103 (2021) 5]
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[Bellm, Bierlich — arXiv:1807.01291]
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Geometric & Baryonic Reconnection

Herwig 7

ALICE Data
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[Gieseke, Kirchgaesser, Plätzer – EPJ C 78 (2018) 99]

Herwig 7

ALICE Data

Herwig 7.1 default

baryonic reconnection

g → ss̄ splittings

new model
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Large number of activities in improving cluster 
hadronization and colour reconnection.



Flexibility for other phenomena
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[Papaefstathiou, Plätzer — unpublished]
[Cormier, Jin, Kirchgaesser, Papaefstathiou, Plätzer — in progress]
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<latexit sha1_base64="HqmpBwZTVZzQ+LXmwMEWLfT2Iq0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6q3mXVva9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A5wujWc=</latexit>

{
<latexit sha1_base64="HqmpBwZTVZzQ+LXmwMEWLfT2Iq0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6q3mXVva9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A5wujWc=</latexit>

t, b
<latexit sha1_base64="Vsu5fuh3y2zKBhovXlgHUZ4FUsQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCnoMevEYwZhAsoTZyWwyZB7LzKwQlvyCFw+KePWHvPk3TjZ70MSChqKqm+6uKOHMWN//9korq2vrG+XNytb2zu5edf/g0ahUE9oiiivdibChnEnassxy2kk0xSLitB2Nb2d++4lqw5R8sJOEhgIPJYsZwTaXzlDUr9b8up8DLZOgIDUo0OxXv3oDRVJBpSUcG9MN/MSGGdaWEU6nlV5qaILJGA9p11GJBTVhlt86RSdOGaBYaVfSolz9PZFhYcxERK5TYDsyi95M/M/rpja+DjMmk9RSSeaL4pQjq9DscTRgmhLLJ45gopm7FZER1phYF0/FhRAsvrxMHs/rwUXdv7+sNW6KOMpwBMdwCgFcQQPuoAktIDCCZ3iFN094L9679zFvLXnFzCH8gff5A1kvjcY=</latexit>

u, d
<latexit sha1_base64="THsuNvHbIsCzmJj/x99pLNOcQuY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5TECnosevFYwX5AG8pms2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9QKsKWeStg0znPYSRbEIOO0Gk7vc7z5RpVksH800ob7AI8kiRrDJpfQChcNqza27c6BV4hWkBgVaw+rXIIxJKqg0hGOt+56bGD/DyjDC6awySDVNMJngEe1bKrGg2s/mt87QmVVCFMXKljRorv6eyLDQeioC2ymwGetlLxf/8/qpiW78jMkkNVSSxaIo5cjEKH8chUxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0nnsu416u7DVa15W8RRhhM4hXPw4BqacA8taAOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9dvo3J</latexit>

c, s
<latexit sha1_base64="U6dugRo4yUJVIR/hzhA4hp7BoMM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8SNmtBz0WvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5YSK4sZ73jdbWNza3tks75d29/YPDytFx28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpf7nSemDY/Vo50mLJBkpHjEKbG5RC+xGVSqXs2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10U2QcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/nlVdKu1/yrmvdQrzZuizhKcApncAE+XEMD7qEJLaAwhmd4hTck0Qt6Rx+L1jVUzJzAH6DPH1hcjcQ=</latexit>

e, νe
<latexit sha1_base64="ThKFLy9FQjJMdCVrDZtMy0Id3tY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mHGCfkQHkoecUWOlNp6Rrkx72CtX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5vdOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhNd+xmWSGpRsvihMBTExmT5P+lwhM2JsCWWK21sJG1JFmbERlWwI3uLLy6R5XvUuqu79ZaV2k8dRhCM4hlPw4ApqcAd1aAADAc/wCm/Oo/PivDsf89aCk88cwh84nz9U8o+A</latexit>

µ, νµ
<latexit sha1_base64="lwA3bnmo2ya2zknsDR5S/YGTOTs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuJAyo4Iui25cVrC20BlKJs20oUlmyEUoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jjjTBvf//ZKK6tr6xvlzcrW9s7uXnX/4FGnVhHaIilPVSfGmnImacsww2knUxSLmNN2PLqd1ttPVGmWygczzmgk8ECyhBFsnBWGwp6hUNqeg1615tf9mdAyBAXUoFCzV/0K+ymxgkpDONa6G/iZiXKsDCOcTiqh1TTDZIQHtOtQYkF1lM9unqAT5/RRkir3pEEz9/dEjoXWYxG7ToHNUC/WpuZ/ta41yXWUM5lZQyWZL0osRyZF0wBQnylKDB87wEQxdysiQ6wwMS6migshWPzyMjye14OLun9/WWvcFHGU4QiO4RQCuIIG3EETWkAgg2d4hTfPei/eu/cxby15xcwh/JH3+QOJRJFa</latexit>

τ, ντ
<latexit sha1_base64="ENjnxmODCbz7d85zUz8lp+JMnA8=">AAAB9XicbZDLSsNAFIZPvNZ6q7p0M1gEF1ISFXRZdOOygr1AE8tkOmmHTiZhLkoJfQ83LhRx67u4822ctFlo6w8DH/85h3PmD1POlHbdb2dpeWV1bb20Ud7c2t7Zreztt1RiJKFNkvBEdkKsKGeCNjXTnHZSSXEcctoORzd5vf1IpWKJuNfjlAYxHggWMYK1tR58jc0p8oXp5dSrVN2aOxVaBK+AKhRq9Cpffj8hJqZCE46V6npuqoMMS80Ip5OybxRNMRnhAe1aFDimKsimV0/QsXX6KEqkfUKjqft7IsOxUuM4tJ0x1kM1X8vN/2pdo6OrIGMiNZoKMlsUGY50gvIIUJ9JSjQfW8BEMnsrIkMsMdE2qLINwZv/8iK0zmreec29u6jWr4s4SnAIR3ACHlxCHW6hAU0gIOEZXuHNeXJenHfnY9a65BQzB/BHzucPGECSPg==</latexit>

∆NCS = 1
<latexit sha1_base64="t8PpjZMFhLhYwjxRVSEy7kp9eKM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBd0IxbpwJRXtA5oQJtNJO3RmEmYmQgl146+4caGIW//CnX/jpO1CWw9cOJxzL/feEyaMKu0431ZhYXFpeaW4Wlpb39jcsrd3mipOJSYNHLNYtkOkCKOCNDTVjLQTSRAPGWmFg1rutx6IVDQW93qYEJ+jnqARxUgbKbD3vCvCNII3gceR7kue1e5G8AK6gV12Ks4YcJ64U1IGU9QD+8vrxjjlRGjMkFId10m0nyGpKWZkVPJSRRKEB6hHOoYKxInys/EHI3holC6MYmlKaDhWf09kiCs15KHpzM9Us14u/ud1Uh2d+xkVSaqJwJNFUcqgjmEeB+xSSbBmQ0MQltTcCnEfSYS1Ca1kQnBnX54nzeOKe1Jxbk/L1ctpHEWwDw7AEXDBGaiCa1AHDYDBI3gGr+DNerJerHfrY9JasKYzu+APrM8fz+iV0Q==</latexit>

[Papaefstathiou, Plätzer, Sakurai — JHEP 1912 (2019) 017]

Framework for “blob” type processes and non-trivial vacua.
Electroweak sphalerons

QCD instantons

Electroweak substructure:
Relevant for FCC ee physics.

hp(x)p(y)X(z1, ...)i = v
2 h(qqq)(y)(qqq)(x)X(z1, ...)i

+v h(qqq)(x)H(x)(qqq)(y)X(z1, ...) + x $ yi

+ h(qqq)(x)H(x)(qqq)(y)H(y)X(z1, ...)i
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[Fernbach, Lechner, Maas, Plätzer, Schöfbeck — PRD 101 (2020) 11]

[Amoroso — based on Instanton simulation in Herwig 7]

[Maas — Prog.Part.Nucl.Phys. 106 (2019) 132]



Summary

Herwig 7 has a large range of opportunities for physics at the EIC.

Precision is addressed from the hard process to parton showers and new developments in 
hadronization (also see Herwig talks at MPI@LHC earlier this week).

Some structural changes are still needed to fully use the MPI model, but this will be in progress soon.



Thank you!


