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Herwig, QCD and the Higgs boson
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Before the SM
• I was an experimentalist!

•                                         , in HBC at 
Berkeley Bevatron

2



Bryan Webber HH 2024

• ∆S=∆Q, Feynman & Gell-
Mann 1958

• Eightfold Way, Gell-Mann 
1961
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Before the SM
• ∆S=∆Q, Feynman & Gell-

Mann 1958

• Eightfold Way, Gell-Mann 
1961

• Quarks, Gell-Mann & Zweig 
1963

• CP Violation, Fitch & 
Cronin, 1964

• DIS, SLAC-MIT 1968
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1969
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1969
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1969
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• Veneziano Berkeley seminar

✤ “Dual resonance model”       string theory
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1969
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• Veneziano Berkeley seminar

✤ “Dual resonance model”       string theory

• PhD thesis defence

• Chew postdoc offer
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Basso, Caron-Huot, Sever JHEP 01(2015)027
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QCD and me
• Asymptotic freedom: Gross & Wilczek, 

Politzer,1973

✤ Jets: CERN ISR 1973, SLAC SPEAR 1975

• QCD jets: Sterman & Weinberg, 1977

• Leningrad lectures ‘samizdat’: Dokshitzer, 
Diakonov & Troian, 1978 (Phys Rep 1980)
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Jet Broadening

12

(Proc. Snowmass 1986)

PLB 295 (1992) 269

NPB 191 (1981) 63
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QCD and me
• Asymptotic freedom: Gross & Wilczek, 

Politzer,1973

✤ Jets: CERN ISR 1973, SLAC SPEAR 1975

• QCD jets: Sterman & Weinberg, 1977

• Leningrad lectures ‘samizdat’: Dokshitzer, 
Diakonov & Troian, 1978 (Phys Rep 1980)

• Preconfinement:  Amati & Veneziano, 1979

• Angular ordering: Bassetto, Ciafaloni, 
Marchesini & Mueller, 1982
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© North-Holland Publishing Company 

SIMULATION OF QCD JETS INCLUDING SOFT GLUON INTERFERENCE 

O. MARCHESINI 

Istituto di Fisica dell'Universitb di Parma 
and 

INFN, Sezione di Milano, Italy 

B.R. WEBBER* 

CERN, Geneva, Switzerland 

Received 21 March 1983 
(Revised 14 December 1983) 

We present a new Monte Carlo simulation scheme for jet evolution in perturbative QCD 
which takes into account the results of recent analyses of soft-gluon interference. Therefore, this 
scheme accounts correctly not only for the leading collinear singularities, as in previous schemes, 
but also for leading infrared singularities, In this first paper we study the basic features of gluon jet 
evolution such as: (i) the interference effects and the corresponding depletion of the parton 
distributions in the soft region; (ii) the approach to asymptopia; (iii) the efficiency of colour 
screening (preconfinement), which has been questioned recently by Bjorken. 

I. Introduction 

Quantum chromodynamics (QCD) is considered a good candidate for a theory of 
strong interactions but the difficulty of reliable calculations makes the necessary 
tests and predictions rather scarce. Asymptotic freedom suggests a domain of 
phenomena (hard scattering processes) in which perturbation theory leads to reliable 
results. For instance, in e+e-  collisions at high energy Q, there are techniques which, 
in the perturbative expansion of inclusive distributions for off-shell partons (quarks 
and gluons), allow one to sum the contributions of all leading collinear singularities, 
i.e. all leading-logarithmic terms of the type [as(Q2)ln(Q2/QZ)]L Here Q0 is the 
off-shell mass of emitted partons, which provides the cut-off for the collinear 
singularities and is such that the perturbative expansion is still justified, i.e. 

< 

* On leave from the Cavendish Laboratory, University of Cambridge and Emmanuel College, Cam- 
bridge, UK. 
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EARWIG
• Electron Annihilation Reactions 

With Interfering Gluons

17

Specific Hadronization Models

● General ideas do not describe hadron formation. Main current models are cluster and string.

22

Preconfinement:
Amati & Veneziano

Cluster model:
WolframAngular ordering:

Bassetto, Ciafaloni, 
Marchesini, Mueller

QCD coherence

+ Backward evolution: 
Sjöstrand 
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• Hadron Emission Reactions 
With Interfering Gluons

18

Nuclear  Physxcs B310 (1988) 461-526 
North-Holland,  Amsterdam 

M O N T E  CARLO SIMULATION OF GENERAL HARD PROCESSES 
WITH COHERENT QCD RADIATION* 

G MARCHESINI  

Dtparttmento dl Flstca, Unlverslt~ dt Parma, INFN, Gruppo Collegato di Parma, Italy, 

B R WEBBER 

Cavendwh Laborato~, Unwerslt~ of Cambridge, Madmgley Road, CambrMge CB3 0HE, UK 

Received 8 February 1988 

In tins paper we extend our previous work on the simulation of coherent soft-gluon radiation 
to hard colhsions that involve incoming as well as outgoing coloured partons Existing simulations 
correctly sum the leading colllnear singularities for imtml- and final-state radlahon, and in some 
cases the leading infrared contributions from outgoing partons, but  not those for incoming (or the 
interference between incoming and outgoing) Asymptotically, however, the leading infrared and 
colhnear contributions are comparable, the bulk of gluon emission occurring in the soft region 
Furthermore,  a correct treatment of leading infrared terms is necessary for the inclusive cancella- 
tion of singularities in the Sudakov form factor We show how such a treatment may be 
formulated m terms of an angular ordering procedure applicable to all hard processes We then 
describe a new Monte Carlo program winch incorporates this procedure, together with other new 
features such as azimuthal correlations due to gluon polarization and interference The program is 
designed as a general-purpose event generator, simulating hard lepton-lepton, lep ton-hadron  and 
h a d r o n - h a d r o n  scattering in a single package Slmulatmn of soft hadromc colhslons and underly- 
ing events is also included We present the predictions of the program for a wide variety of 
processes, and compare them with analytical results and experimental data 

1. Introduction 

The coherence [1,2] of soft hadronlc radiation in hard processes is one of the 
most characteristic features of perturbative QCD. It emerges from the study [3-5] of 
the leading infrared singularities of the theory which, together with the analysis of 
leading collinear singularities [6], completes the description of the dominant asymp- 
totic behavlour of parton distributions. 

Coherence is intrinsically a quantum phenomenon, arlsmg from the interference 
of soft-gluon amplitudes, which is present even in physical gauges. It involves the 
bulk of the radiation, since a gluon is considered soft whenever its energy ts small 

* Research supported in part by the U K  Science and Engineering Research Council and m part by the 
I tahan Mamstero della Pubbhca Istruzlone 

0550-3213/88/$03 50 © Elsevier Science Publishers B V 
(North-Holland Physics PubhshIng Division) 

HERWIG



Bryan Webber HH 202419

ar
X

iv
:h

ep
-p

h/
00

11
36

3v
3 

 2
2 

O
ct

 2
00

2

Preprint typeset in JHEP style. - HYPER VERSION Cavendish-HEP-99/03
CERN-TH/2000-284

RAL-TR-2000-048

HERWIG 6.5: an event generator for Hadron
Emission Reactions With Interfering Gluons

(including supersymmetric processes)∗

Gennaro Corcella

Max-Planck-Institut für Physik, Werner-Heisenberg-Institut, Munich

E-mail: corcella@mppmu.mpg.de

Ian G. Knowles

Department of Physics and Astronomy, University of Edinburgh, UK

E-mail: knowles@supanet.com

Giuseppe Marchesini

Dipartimento di Fisica, Università di Milano-Bicocca, and
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HERWIG++/7
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Abstract In this paper we describe Herwig++ version 2.2,
a general-purpose Monte Carlo event generator for the sim-
ulation of hard lepton-lepton and hadron-hadron collisions.
A number of important hard scattering processes are avail-
able, together with an interface via the Les Houches Ac-
cord to specialized matrix element generators for addi-
tional processes. The simulation of Beyond the Standard
Model (BSM) physics includes a range of models and allows
new models to be added by encoding the Feynman rules
of the model. The parton-shower approach is used to sim-
ulate initial- and final-state QCD radiation, including colour
coherence effects, with special emphasis on the correct de-
scription of radiation from heavy particles. The underlying
event is simulated using an eikonal multiple parton-parton
scattering model. The formation of hadrons from the quarks
and gluons produced in the parton shower is described using
the cluster hadronization model. Hadron decays are simu-
lated using matrix elements, where possible including spin
correlations and off-shell effects.

PACS 12.38.Cy · 13.87.Ce · 13.87.fh
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Jets from CMS and ATLAS.
Matchbox using MadGraph, ColorFull and OpenLoops.

Tons of plots using all combinations at: https://herwig.hepforge.org/plots/herwig7.0/

Simon Plätzer (IP
3
Durham & Manchester) Status of Herwig 7 11 / 17

AtlasCMS
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HERWIG 7
• The project is now in good hands:

21

Stefan GiesekeSimon Plätzer

Peter RichardsonMike Seymour
Manchester Durham

Vienna Karlsruhe
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Usage of Parton Shower 
Event Generators

22
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24

• Equal use for expt and pheno!
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Citations: LHC expts

• ATLAS uses all three

• CMS mostly Pythia

• ALICE, LHCb almost exclusively Pythia
25
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NLO-PSEG Matching

• MC@NLO: Frixione & BW, 2002

✴ Modify NLO subtractions

• POWHEG: Nason, 2004; Frixione, Nason & 
Oleari, 2007

✴ Modify hardest shower emission

26
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• POWHEG BOX:  Alioli, Nason, Oleari & Re, 2010

• MadGraph5_aMC@NLO:  Alwall, Frederix, Frixione, 
Hirschi, Maltoni, Mattelaer, Shao, Stelzer, Torrielli & Zaro, 

27
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PSEGs and Higgs

28



Bryan Webber HH 2024

Citations: LHC Higgs

29
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All samples generated with PowhegBox [34–37] and MadGraph5_aMC@NLO [38] were interfaced to 
Pythia8 [39] to simulate the parton shower (PS), fragmentation, and underlying event with the A14 tune 
[40] and the NNPDF2.3lo [41] parton distribution function (PDF) set. Some alternative samples use the 
Herwig7 [42, 43] PS model with the H7UE set of tuned parameters [43] and the MMHT2014LO PDF set 
[44]. 

To assess the uncertainties associated with the PS, hadronisation and 
underlying event, the nominal 𝑡𝑡 ̄𝐻 sample is compared with the 
alternative Powheg+Herwig7 sample, 

The modelling uncertainty in the 𝑡𝑡 ̄𝑍 background is evaluated by comparing the 
nominal MadGraph5_aMC@NLO+Pythia8 sample with the sample where 
Pythia8 is replaced by Herwig7 to simulate the PS and hadronisation. 

CERN-EP-2024-194 
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The measurement is dominated by the systematic 
uncertainties arising from the 𝑡𝑡 ̄𝐻 signal modelling 
followed by the 𝑡𝑡 ̄ + jets background modelling. 
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} PSEG systematics 
dominant
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CERN-EP-2024-198
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Figure 10: Measured fiducial differential cross-sections for (a) ?T ( 90), (b) ?H
T , (c)�qsigned

9 9
, and (d)�qsigned

9 9
vs ?H

T . The
measurements are compared with particle-level SM predictions from the P�����+P����� 8, P�����+H����� 7 and
M��G����5_�MC@NLO+P����� 8 generators for the combined VBF, ggF, +�, and CC̄� Higgs boson production
modes. The shaded box around each data point shows the statistical uncertainty, while the total uncertainty is indicated
by the error bar. The contribution from the ggF, +�, and CC̄� production modes as predicted by P�����+P����� 8
is also shown. The bottom panel shows the ratio of different predictions to the data, with the error bars and shaded
bands representing the total and statistical uncertainties of the measurements, respectively.
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An uncertainty in the parton-shower model of PYTHIA is obtained 
by varying the scales in the initial- and final-state radiation models; 
the observed effect typically ranges 1–3%, but can become as large 
as 10% for gluon fusion production with VBF-like topologies. 
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Estimating PSEG 
Uncertainties

• ATLAS: compare Pythia with Herwig

• CMS: vary parameters within Pythia

• Both have their dangers!

36
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Ongoing/Future 
Developments

• Higher precision showers (initial & final)

• Higher precision matching/merging

• Electroweak showering

• Hadronization

37
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Ongoing/Future 
Developments

• Higher precision showers (initial & final)

• Higher precision matching/merging

• Electroweak showering

• Hadronization

38
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Physics Test

[Richardson, AM, JHEP 04 (2022) 112]

– The angular distribution of W± bosons
accompanied with high transverse
momentum jets at

p
s = 8 TeV. The data

is from ATLAS [arXiv:1609.07045].

– Pure QCD di-jet event showered with EW
PS ! red solid histograms

– Explicit (prompt) W
± plus jets ! orange

dashed-dotted histograms

ATLAS - 8TeV
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BSM Parton Shower in Herwig 7 CATCH22+2, May 2024, Dublin 8

(Thanks to Aidin Masouminia, IPPP)

EW Showering
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– The angular distribution of W± bosons
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momentum jets at

p
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Idea of colour evolution picture [Plätzer 2023]:

Shower Cut-off is a factorization scale (see also
[Hoang et al. 2024])

Parton shower, Colour Reconnection and
Hadronization (Cluster Fission) should be matched

Final non-perturbative scale (NP scale) interfaces
to the initial condition

Consequence: Cluster Fission is a perturbative
process similar to the parton shower. Only Cluster
Decay is non-perturbative (could be obtained from
lattice QCD)

MPIs

Forming
Gluon

Hard

+Parton

Colour Cluster Cluster

Process

Shower

Splitting
Cluster

ReconnectionFission Decay

Shower Cut-o↵ NP scale

6/14 September 12, 2024S.K.: Pinning Down A New Approach To Cluster Hadronization Institute for Theoretical Physics ITP

Hadronization From Colour Evolution

Hadronization
(Thanks to Stefan Kiebacher, KIT)

Q0

Q0
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Figure 16: Selected rivet analyses for e
+
e
� data (black) versus Herwig simulations for

the default hadronization model for shower cuto↵ values Q0 = 1 (blue), 1.25 (orange), 1.5

(green) and 1.75 GeV (red). The ratios in the lower panel sections are shown w.r. to the

simulations for Q0 = 1.25 GeV.
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Figure 17: Selected rivet analyses for e
+
e
� data (black) versus Herwig simulations for

the novel dynamical hadronization model for shower cuto↵ values Q0 = 1 (blue), 1.25

(orange), 1.5 (green) and 1.75 GeV (red). The ratios in the lower panel sections are shown

w.r. to the simulations for Q0 = 1.25 GeV.
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attention!
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