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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]

[Bellm, Nail, Plätzer, Schichtel, Siodmok – EPJ C76 (2016) 665]

Two shower modules: angular ordered and dipole-type, 
both including parton shower uncertainty estimates.

[Plätzer –- with Bellm, Wilcock, Rauch, Reuschle,  2011 – 2015]
[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

  

NLO merging in Herwig 7.1

NLO multijet merging with the dipole shower,

inspired by “unitary” merging algorithms.

→ No strict unitarization, only cancel log-enhanced contributions

→ Catching cross section changes due to Pnite real emission contributions

→ Standard NLO matching below merging scale

[Bellm, Gieseke, Plätzer – EPJ C78 (2018) 244]

[Plätzer – JHEP 1308 (2013) 114]

[Lönnblad, Prestel – JHEP 1303 (2013) 166]

Colour Reconnection



Shower Evolution of Heavy Quarks

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

  

Massive quark evolution in dipole shower

[Cormier, Plätzer, Reuschle, Richardson, Webster – arXiv:1810.06493]

Revised treatment of massive quark evolution in dipole shower, and evolution of 

decay systems. Matching now available for production and decays, and angular 

ordered and dipole shower.

Use the pt relevant to quasi-collinear

limit, with smooth massless limit.

SigniPcant improvement to b-quark

fragmentation function.

[Gieseke, Stephens, Webber – JHEP 0312 (2003) 045]

  

Massive quark evolution in dipole shower

[Cormier, Plätzer, Reuschle, Richardson, Webster – arXiv:1810.06493]

Revised treatment of massive quark evolution in dipole shower, and evolution of 

decay systems. Matching now available for production and decays, and angular 

ordered and dipole shower.

Use the pt relevant to quasi-collinear

limit, with smooth massless limit.

SigniPcant improvement to b-quark

fragmentation function.

It may be shown that the contributions that angular ordering misses are purely soft and
suppressed by at least one power of N2

C , where NC = 3, the number of colours in QCD. Formally
then, omitting such contributions amounts to neglecting terms of next-to-leading-log accuracy
that are also strongly colour suppressed. We stress however, that whereas angular ordering leads
to an omission of these suppressed higher order terms, other forms of ordering must prove that
they do not overestimate leading-log contributions.

For the forward evolution of partons with time-like virtualities, the variable used to achieve
such ordering, q̃2, is defined according to
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where mi is the on-shell mass of particle i etc. This definition is arrived at by generalizing
the FORTRAN HERWIG angular evolution variable, q̃2 = q2
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For showers involving the evolution of partons with space-like virtualities, the evolution variable
is instead defined by
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Once again this definition of the evolution variable is a generalization of the analogous FORTRAN
HERWIG angular evolution variable used for initial-state radiation: q̃2 = q2

i / (1 ! z). Using

momentum conservation, qeij = qi + qj , we may calculate q2
i

$
z, p2

!, q2
eij
, q2

j

%
, whence one finds

q̃2 =
m2

i ! q2
i

1 ! z

####
q2

eij
=m2

eij
, q2

j =m2
j

. (6.9)

To see how these variables relate to the angle between the branching products, consider that
the parton shower is generated in the frame where the light-like basis vector n is anticollinear to
the progenitor. For forward evolving partons with small time-like virtualities, expanding z and
q2

eij
in component form, one finds

q̃2 =
2E2

eij
(1 ! cos !ij)

$
1 + cos !eij

%2

(1 + cos !i) (1 + cos !j)
, (6.10)

where !i and !j are the angles between the daughter particles i, j and the progenitor, !ĩj is
the angle between the parent and the progenitor, and !ij is the angle between the two daugh-
ters. Eĩj denotes the energy of the parent. This expression for the time-like evolution vari-
able in terms of angles is more complicated than the analogous FORTRAN HERWIG formula:
q̃2 = 2E2

eij
(1 ! cos !ij). This is due to the fact that in FORTRAN HERWIG z was defined to be
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6.2 Shower dynamics

With the kinematics defined, we now consider the dynamics governing the parton branchings.
Each parton branching is approximated by the quasi-collinear limit [62], in which the transverse
momentum squared, p2

!, and the mass squared of the particles involved are small (compared to
p ·n) but p2

!/m2 is not necessarily small. In this limit the probability of the branching !ij ! i+ j
can be written as

dPeij"ij =
!S

2"

dq̃2

q̃2
dz Peij"ij (z, q̃) , (6.13)

where Peij"ij (z, q̃) are the quasi-collinear splitting functions derived in [62]. In terms of our light-
cone momentum fraction and (time-like) evolution variable the quasi-collinear splitting functions
are
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for QCD and singular SUSY QCD branchings12. These splitting functions give a correct physical
description of the dead-cone region p! ! m, where the collinear singular limit of the matrix
element is screened by the mass m of the emitting parton.

The soft limit of the splitting functions is also important. The splitting functions with soft
singularities Pq"qg, Pq̃"q̃g, Pg"gg, and Pg̃"g̃g, in which the emitted particle j is a gluon, all behave
as

lim
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in the soft z ! 1 limit, where Ceij equals CF for Pq"qg and Pq̃"q̃g,
1
2CA

13 for Pg"gg, and CA for
Pg̃"g̃g. In using these splitting functions to simulate the emission of a gluon from a time-like
mother parton !ij, associated to a general n parton configuration with matrix element Mn, one
is e!ectively approximating the matrix element for the process with the additional gluon, Mn+1,
by

|Mn+1|2 =
8"!S

q2
eij
" m2

eij

Peij"ij |Mn|2 . (6.16)

12The Pg!gg splitting presented here is for final-state branching where the outgoing gluons are not identified
and therefore it lacks a factor of two due to the identical particle symmetry factor. For initial-state branching
one of the gluons is identified as being space-like and one as time-like and therefore an additional factor of 2 is
required.

13Note that for g ! gg, there is also a soft singularity at z ! 0 with the same strength, so that the total
emission strength for soft gluons from particles of all types in a given representation is the same: CF in the
fundamental representation and CA in the adjoint.
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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 – EPJ C72 (2012) 2187]

• Significantly improved b fragmentation 
from dipole shower

• Comparable description of heavy quark 
observables across both showers



Multi-parton Interactions
Extending into the soft region

Continuation of the differential cross section into the soft
region pt < pmin

t (here: pt integral kept fixed)

Stefan Gieseke · Universität Wien · 21 Nov 2017 11/36

Colour Reconnection — idea

Stefan Gieseke · Universität Wien · 21 Nov 2017 13/36

Colour Reconnection — idea

Stefan Gieseke · Universität Wien · 21 Nov 2017 13/36

Overlap function

A(b) =
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G(~b) from electromagnetic FF:
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[Figure by Stefan Gieseke]

MPI - soft interactions
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ATLAS [New J.Phys.13:053033,2011]

[Gieseke, Loshaj, Kirchgaesser – EPJ C77 (2017) 156] 

• Multiperipheral gluon ladder

• Gluons treated non-perturbatively

• Paramaters of the model parametrized to describe 0.9, 7 and 13 TeV MB data

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

matter distribution

soft & hard scatters
+ diffraction

[Bellm, Gieseke, Kirchgasser — arXiv:1911.13149]

colour reconnection

in total six parameters, hard MPI in principle allow for HQ

Key ingredients for MPI 
modelling in Herwig 7



Cluster Hadronization
2 Cody B Duncan, Patrick Kirchgaeßer: Kinematic strangeness production in cluster hadronization

Shower Parton Splitter Fission Decay

Fig. 1: Figure of a simplified event where we show the ma-
jor stages of hadronization after the parton shower that
can contribute to non-perturbative strangeness produc-
tion. Grey ellipses are clusters, while black are hadrons.

ter can be considered to be a highly primordial, excited
colour-singlet qq̄ pair.

There are several parts to the hadronization model in
Herwig, in the following algorithmic order:

• Non-perturbative gluon splitting,
• Colour reconnection,
• Cluster fission,
• Cluster decay to hadron pairs,
• Unstable hadron decays.

In Fig. 1, we have omitted colour reconnection since this
step simply changes the colour topology of the event, not
the content of the clusters. While modifying the colour
reconnection algorithm would have a non-trivial impact
on the later stages of hadronization, namely cluster fission
and decay, it is outside the scope of this paper, but these
correlations will be studied and addressed in future work.
Since the scope of this project is mainly focused on light
strange hadron production, we tune predominately to pion
and kaon observables. We will also ignore unstable hadron
decays for the purposes of this paper.

The three other listed stages in hadronization are each
allowed to contribute to the overall strangeness in the
event, since they each produce new qq̄ pairs. We briefly
recall the details of each step as presented in depth in [9].

2.1 Non-perturbative gluon splitting

Once the parton shower ends, all gluons undergo a non-
perturbative splitting into qq̄ pairs. The species of the pair
is determined by a given weight, e.g. in the tune from
[8] the weights of up, down, and strange are 2:2:1. The
default version of Herwig does not allow for strangeness
production at this step, only uū and dd̄ pairs. The only
constraint on the gluon splitting is that the gluon mass

is at least twice the constituent mass of the species in
question, and the gluons are split isotropically.

After all the gluons in an event have been split, near-
est neighbours in momentum space are most likely to be
nearest neighbours in colour space [16], and clusters are
formed from the momentum-space neighbouring qq̄ pairs,
with a mass distribution decoupled from the hard scatter-
ing process that created them.

2.2 Cluster fission

Exceptionally heavy clusters are allowed to fission into two
lighter, less excited clusters if the mass M of the original
cluster satisfies the condition:

Mp
� qp + (m1 +m2)

p, (1)

where p and q are parameters that control the fission-
ing rate criteria, and m1,2 are the parton masses of the
heavy cluster. In Herwig, p is given separate values for
light quarks (u, d, s), charm, and bottom. The light quark
weights are further subdivided, and strangeness is sup-
pressed by a flat weight. q has a similar divide between
the quark species.

After selecting clusters to fission, the cluster fissioner
produces a qq̄ pair from the light quarks with a fixed
weight, distinct values for each flavour of quark (bar top),
and diquarks. Each parton from the pair go into a separate
cluster, giving the new pair of clusters a mass distribution
of:

Mi = mi + (M �mi �mq)R
1/w
i , (2)

where w is the splitting parameter that controls the rate of
splitting for clusters containing di↵erent species of quarks.

2.3 Cluster decay

The last stage of cluster-based physics is at the cluster
decay level, in which clusters decay into excited hadrons.
Given a cluster with constituents q1, q̄2, the weight for
producing hadrons ha = q1q̄, hb = qq̄2, where q denotes a
quark or diquark species, is given by:

W(ha, hb) = Pqwasawbsbp
⇤
a,b, (3)

where Pq is the production weight for the given quark or
diquark species, wi are the weights for the relevant hadron
production, and si are the suppression factors for the cor-
responding hadrons. The final factor in the weight is the
two-body phase space factor that controls how readily the
cluster can decay into the two chosen hadrons.

2.4 Herwig strangeness parameters

The Herwig parameters that control non-perturbative
strangeness production are the gluon splitting weight -
SplitPwtSquark, and the cluster fission & decay weight
- PwtSquark. In the original model, cluster fissioning and

[Figure by Patrick Kirchgaesser]
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Clusters fission if too heavy:

Fission parameters different for uds, c 
and b, but only uds produced 

Lighter clusters decay into hadrons

Clusters formed by 
splitting gluons after 
shower evolution

Colour reconnection model in Herwig

Plain colour reconnection model [Röhr, Gieseke, Siodmok, EPJC C72 (2012)]

If MC + MD < MA + MB accept alternative cluster configuration
with probability preco

Important for hadron collision to restore colour pre-confinement
(works pretty well at LEP)

Patrick Kirchgaeßer (KIT) · VCES 2019 · 29.11.2019 7/ 21

Different weights for 
light flavours



Colour Reconnection

Colour reconnection model in Herwig

Plain colour reconnection model [Röhr, Gieseke, Siodmok, EPJC C72 (2012)]

If MC + MD < MA + MB accept alternative cluster configuration
with probability preco

Important for hadron collision to restore colour pre-confinement
(works pretty well at LEP)

Patrick Kirchgaeßer (KIT) · VCES 2019 · 29.11.2019 7/ 21

Colour reconnection model in Herwig

Plain colour reconnection model [Röhr, Gieseke, Siodmok, EPJC C72 (2012)]

If MC + MD < MA + MB accept alternative cluster configuration
with probability preco

Important for hadron collision to restore colour pre-confinement
(works pretty well at LEP)

Patrick Kirchgaeßer (KIT) · VCES 2019 · 29.11.2019 7/ 21

[Gieseke, Röhr, Siodmok — EPJ C72 (2012) 2225]

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

Preconfinement assumption violated in hadronic 
environments: colour reconnection crucial.

8

0 2 4 6 8 10
Mcluster [GeV]

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

1/
n

d
n
/d

M
c
l/

G
eV

�
1

after reconnection
h-type clusters

i-type clusters

n-type clusters

default clusters
h-type clusters

i-type clusters

n-type clusters

(a)

100 101 102 103 104

Mcluster [GeV]

10�9

10�8

10�7

10�6

10�5

10�4

10�3

10�2

10�1

100

1/
n

d
n
/d

M
c
l/

G
eV

�
1

(b)

Fig. 9 Primary cluster mass spectrum in LHC dijet events at 7 TeV. Figure (a) compares the mass distribution in the
pre-colour-reconnection stage to the distribution after colour reconnection. The contributions of the three cluster classes are
stacked. The histograms in (b) merely di↵er from the ones in (a) in their binning.

below 6 GeV, as perturbative h-type and i-type clus-
ters do. In the high-mass tail, however, n-type clusters
clearly dominate, as already indicated by the cluster
fraction functions discussed above. Both their minor
contribution at low masses and their large contribution
at high masses do not change after colour reconnection.
In total, however, the mass distribution is more peaked
after colour reconnection and the high-mass tail is sup-
pressed by a factor larger than 10.

3.3 Resulting physics implications

The characteristics of clusters that have been studied in
this section clearly confirm the physical picture we have
started out with. The colour reconnection model in fact
reduces the invariant masses of clusters that are mostly
of non-perturbative origin. These arise as an artefact of
the way we colour-connect additional hard scatters in
the MPI model with the rest of the event.

At this non-perturbative level we have no handle on
the colour information from theory, hence we have mod-
elled it. First in a very näıve way when we extract the
‘first’ parton from the proton, but only to account for a
more physical picture later, where we use colour precon-
finement as a guiding principle. We therefore conclude
that our ansatz to model colour reconnections in the
way we have done it reproduces a meaningful physical
picture.

4 Tuning and comparison of the model results
with data

In this section we address the question of whether the
MPI model in Herwig, equipped with the new CR
model, can improve the description of the ATLAS MB
and UE data, see Fig. 2. To that end we need to find
values of free parameters (tune parameters) of the MPI
model with CR that allow to get the best possible
description of the experimental data. Since both CR
models can be regarded as an extension of the cluster
model [36], which is used for hadronization in Herwig,
the tune of Herwig with CR models may require a
simultaneous re-tuning of the hadronization model pa-
rameters to a wide range of experimental data, primar-
ily from LEP (see Appendix D from Ref. [14]). There-
fore, we start this section by examining whether the
description of LEP data is sensitive to CR parameters.

4.1 Validation against e+e� LEP data

Already in Section 3 we have seen that the colour
structure of LEP final states is well-defined by the
perturbative parton shower evolution. Moreover, the
CR model does not change this structure significantly.
Therefore, although CR is an extension of hadroniza-
tion, we can expect that the default hadronization pa-
rameters are still valid in combination with CR. This
was confirmed by comparing Herwig results with and
without CR against a wide range of experimental data
from LEP [41–49]. As an example we show a compari-
son of Herwig without and with CR (using the main
tunes for both CR methods presented in this paper) to
two LEP observables in Fig. 10. The full set of plots,
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Fig. 12 Comparison of Herwig 2.4.2 without CR and Herwig 2.5 with PCR to ATLAS minimum-bias distributions atp
s = 0.9 TeV with Nch � 6, p? > 500 MeV and |⌘| < 2.5. The ATLAS data was published in Ref. [5].

Figure 17 shows the angular distributions of the
charged-particle multiplicity and

P
p?, with respect to

the leading charged particle (at � = 0). The data sets
are shown for four di↵erent cut values in the transverse
momentum of the leading charged particle, plead

? . With
increasing cut on plead

? , the development of a jet-like
structure can be observed. The overall description of
the data is satisfactory but we can also see that the
description improves as the lower cut value in plead

? in-
creases as then the description is more driven by per-
turbation theory. The full comparison with all ATLAS
UE and MB data sets is available on the Herwig tune
page [50]. At this stage di↵erent UE tunes were manda-
tory for di↵erent hadronic centre-of-mass energies

p
s.

In the next section we address the question of whether

an energy-independent UE tune can be obtained using
the present model.

4.2.3 Centre-of-mass energy dependence of UE tunes

To study the energy dependence of the parameters
properly, we examine a set of observables at di↵erent
collider energies, whose description is sensitive to the
MPI model parameters. The experimental data should
be measured at all energies in similar phase-space re-
gions and under not too di↵erent trigger conditions.
These conditions were met by two UE observables:
hd2Nch/d⌘ d�i and hd2

P
pt/d⌘ d�i, both measured as

a function of plead
? (with plead

? < 20 GeV) by ATLAS at
900 GeV and 7000 GeV (with p? > 500 MeV) and by

No flavour dependence!
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Strangeness difficult. g ! ss̄ splitting.

Stefan Gieseke · Universität Wien · 21 Nov 2017 35/36

Rapididy based colour reconnection

Colour singlets not only from qq̄ but also from qqq states

But, baryonic clusters would typically be much heavier

Mijk +Mlmn > Mil +Mjm +Mkn

would always/often be reconnected into mesonic clusters.

Stefan Gieseke · Universität Wien · 21 Nov 2017 34/36
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Idea seems to work.
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Ratios much improved.
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A. Siodmok, Space-time CR in H7

Spacetime Colour Reconnection

● With the transverse coordinates in place, we use this information to perform and inform CR
● We introduce a boost-invariant distance measure:

● This is inspired by conventional jet algorithms, where we replace the azimuthal separation 
with transverse separation.

● We use similar strategy as in the simple plain CR base on the cluster mass measure.
● If the sum of the cluster separations is smaller after a possible reconnection:

then we accept the reconnection with a probability p
reco

● Baryonic spacetime colour reconnection uses the algorithm from 
[S. Gieseke, P. Kirchgaeßer, S. Plätzer Eur.Phys.J. C78 (2018)]

d
0
 is the characteristic length scale for CR, a tunable parameter

[See Stefan’s talk for more models and details]

New model uses geometric measure 
instead of ‘string length’ and introduces 
baryonic degrees of freedomRapididy based colour reconnection

“Closeness” of quarks not based on invariant mass but on
proximity in momentum space.

Consider other quarks’ movement based on their rapidity in
reference clusters’ CM frame.

Stefan Gieseke · Universität Wien · 21 Nov 2017 34/36

Combination with 
globally enhanced 
strange production.
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Fig. 7: The colour-topology of a sample Minimum Bias event in rapidity and transverse spacetime coordinates, before
(top) and after (bottom) colour reconnection. The parameters used for reconnection here are ⌫2 = 1 GeV2, d0 = 0.5 fm,
and baryonic reconnection weight wb = 0.5. Black lines correspond to clusters which are automatically produced from
the parton shower and which have not undergone any colour reconnection, while red lines are the newly rearranged
(dotted lines) baryonic and (solid lines) mesonic clusters.

Kinematic Strange Production & Spacetime Information

• Use          as a trigger particle and study number of hadron species for different rapidity 
intervals in bins of centrality

Exploring strangeness enhancement  
with strings and clusters (working title)

Allows us to study subtle differences in the soft models between Herwig and Pythia

String fragmentation Clusters

q̄

q

Fission Decay

• Look at correlations between different strange hadrons 

�y = {0.1, 0.5, 1, ...}

q
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�(ss̄)

K�/K̄0

�(ss̄)

• Two adjacent breakings with       necessary to produce       

K�/K̄0

K0/K+

[C. Bierlich, S. Gieseke, PK]

ss̄

K0/K+

�(ss̄)
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vs.

Idea
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Invariant Mass LEP LHC

Gluon Splitting 97 48

Cluster Fission 3 22

Cluster Decay 23 4

Table 3: Results for the tuned characteristic mass
scales m0, in units of GeV, of our new model using
the total invariant mass of a colour-singlet object for
LEP and LHC tunes respectively.

� Measure LEP LHC

Gluon Splitting 72 37

Cluster Fission 4 20

Cluster Decay 16 10

Table 4: Results for the tuned characteristic mass
scales m0, in units of GeV, of our new model using
our � measure (defined in Eq. 5) of a colour-singlet
object for LEP and LHC tunes respectively.

Fig. 6: Schematic topology of colour-singlets that can oc-
cur from perturbative gluon and quark shower splitting,
before the gluons undergo non-perturbative splitting.

With the three new characteristic mass scales, we are
able to improve the description of all observables consid-
ered in the tuning especially for LHC observables as shown
in Fig.10, where we compare the two di↵erent mass mea-
sures after tuning, as well as the Monash tune [14] for
Pythia.

Although the simple tuning recommends di↵erent val-
ues for the usage at LHC and LEP it is also feasible to use
the set of parameters obtained from the tuning to LHC
data and still get improved results for LEP observables
which was not possible by having a simple flat number as
the probability to produce strange quarks as is shown in
Fig.11.

5.1 Discussion

The default version of Herwig did not allow for strange
production during the gluon splitting stage. By allowing
this process, improvements can be seen in all the con-
sidered observables. With our new model, there is a more
physically motivated dynamic strangeness production mech-
anism at all stages of the hadronization.

The multiple parton interaction model in Herwig in-
volves two types of subprocesses, hard and soft. Hard pro-
cesses are allowed to shower and emit quarks and gluons,
while soft ones produce only gluons which may not shower.
These soft gluons are all colour-connected to each other
and the beam remnants, resulting in a single pre-cluster
when undergoing non-perturbative gluon splitting. This
type of pre-cluster typically has a large invariant mass
due to the large number of soft gluons and the isotropic
nature of their momentum distribution, resulting in a high
strangeness production weight for this subsystem. The re-
sulting produced strange particles coming from these soft
interactions are distributed uniformly in rapidity.

There are three key di↵erences between the LEP and
LHC environments during hadronization. Firstly, LEP has
a much lower energy scale than the LHC, naturally lim-
iting the possible distribution of colour-singlet masses at
the stage of non-perturbative gluon splittings. As a result,
a direct comparison between LEP and LHC in our model
is not straightforward.

Secondly, while LEP and LHC simulations may have
very similar cluster mass distributions, the number of clus-
ters is far higher for the latter. Similarly, at the pre-cluster
level, LEP prefers colour-singlets that span the entire final
state, as shown in Fig. 4, i.e. no perturbative gluon split-
tings during the parton shower. This results in the major-
ity of events either having enhanced strangeness produc-
tion or none at all, at the gluon splitting level, meaning
that a flat weight at this level in hadronization can be
justified for LEP runs.

Finally, and related to the previous two, LEP is a much
cleaner environment. For lepton collisions, there are no
multiple parton interactions, nor much e↵ect from colour
reconnection. However, in proton collisions, these are both
vital phases of the simulation that drastically change the
mass topology of the event.

Taking the characteristic mass scales from Tabs. 3 and
4, we have translated these into an e↵ective expected value
for the weights for the two mass measures. For LEP events,
as shown in Tab. 5, the total invariant mass approach

[Duncan, Kirchgaesser – EPJ C79 (2019) 61]

Strange production in gluon splitting 
and fission dependent on environment.
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Fig. 7: The colour-topology of a sample Minimum Bias event in rapidity and transverse spacetime coordinates, before
(top) and after (bottom) colour reconnection. The parameters used for reconnection here are ⌫2 = 1 GeV2, d0 = 0.5 fm,
and baryonic reconnection weight wb = 0.5. Black lines correspond to clusters which are automatically produced from
the parton shower and which have not undergone any colour reconnection, while red lines are the newly rearranged
(dotted lines) baryonic and (solid lines) mesonic clusters. [Bellm, Duncan, Gieseke, Myska, 

Siodmok  – EPJ C79 (2019) 1003]

Spacetime information in colour 
reconnection possibly relevant in 

dense environments
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LEP Default TUNE1 TUNE2

Gluon Splitting – 0.24 0.19

Cluster Fission 0.66 0.53 0.69

Cluster Decay 0.66 0.53 0.69

Table 1: Results of the parameter values for
strangeness production at the di↵erent stages of the
event generation (LEP). In both default Herwig and
TUNE1, cluster fission and decay have the same pa-
rameter. In TUNE2, they are allowed to be di↵erent,
but the tuning procedure returned equal values. In
default Herwig, there is no g ! ss̄ option.

LHC Default TUNE1 TUNE2

Gluon Splitting – 0.95 0.95

Cluster Fission 0.66 0.05 0.02

Cluster Decay 0.66 0.05 0.25

Table 2: Results of the parameter values for
strangeness production at the di↵erent stages of the
event generation (LHC). In both default Herwig and
TUNE1, cluster fission and decay have the same pa-
rameter, while in TUNE2 they are allowed to be dif-
ferent. In default Herwig, there is no g ! ss̄ option.
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Fig. 2: Measurement ofK± multiplicities at SLD [23] andK0 spectrum as measured at ALEPH [20] for
p
s = 91.2GeV.

We show a comparison between the default Herwig model and our two di↵erent tunes.

4 Kinematic strangeness production

As mentioned above, the various splitting probabilities
and weights are flat numbers tuned to data, without any
considerations for the topology of a given event. In order
to have a more dynamic picture, where the splitting proba-
bilities depend on the environment, we choose to scale the
weights with respect to colour-singlet masses. The mass
of a colour-singlet system at a given phase of hadroniza-
tion scales the probability for strangeness production up
or down, depending on a characteristic mass scale for each
step.

As a simple starting point for mass-based power scal-
ing, we replace the flat weights in each of the steps men-
tioned in Sec. 2 with the following functional form:

ws(m)2 = exp

✓
�m2

0

m2

◆
, (4)

where m2
0 is the characteristic mass scale for each phase,

and m2 is the total invariant mass of the relevant colour-
singlet system. In this work, we will introduce another

mass-based measure which replaces m2 in the denomina-
tor of Eq. 4: the threshold production measure, �. We
discuss the di↵erence in the two approaches in Sec. 4.3.
For now, we will continue to use the total invariant mass
as an example in the following sections.

The weights in Eq. 4 are only for strangeness produc-
tion, and they are relative to the production weights of
up and down quarks. In the limit of a very heavy colour-
singlet, the rate of producing strangeness will be the same
as that of the lighter quarks, while in the low-mass limit,
only the lighter quarks will be allowed to be produced.
The appeal of an exponential scaling is that this model
only introduces one extra parameter to the default model
of hadronization in Herwig, and indeed, it does not in-
troduce any extra parameters if one splits the fission and
decay parameters. Thus we avoid a proliferation of param-
eters in our model, and we still have a natural mechanism
to allow for event-by-event fluctuations in strangeness pro-
duction.

The scaling of the production rate in Eq. 4 only applies
to ss̄ pairs, and not to any diquarks containing strange

Open questions remain in correlations

Cody B Duncan, Patrick Kirchgaeßer: Kinematic strangeness production in cluster hadronization 9

Fig. 9: Comparison of the two di↵erent mass measures for the cluster fission and cluster decayer stages respectively
for LHC Minimum Bias events at 7 TeV.
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Fig. 10: K+ + K� yield and K/⇡ ratio as measured by ALICE [25] at 7 TeV. Shown is a comparison between the
default version of Herwig (without baryonic reconnection), i.e. static production of strangeness, the new approach
which introduces dynamical strangeness production with the two di↵erent measures (Mass and Lambda) and Pythia
with the Monash tune.

plays a non-trivial role in producing strange hadrons. Our
new kinematic model uses a mass-based scaling, but colour
reconnection aims to lower the cluster masses to some lo-
cal minimum, meaning that it is in direct conflict with our
considerations. For LEP simulations, colour reconnection
has a small e↵ect, while in LHC simulations, colour re-
connection is a vital phenomenon. Future work will study
the correlations between the role colour reconnection plays
and our model, in particular, varying the amount of colour
reconnection that takes place in an event, and allowing
baryonic clusters to form.

Our studies showed that there is virtually no quanti-
tative di↵erence between using the tuned invariant mass
parameters and the tuned � measure parameters. How-

ever, the results in Tabs. 5 and 6 suggest that the � mea-
sure bridges the divide between the two types of collision
better.

We have also compared the results of our new model
with Pythia and the Monash tune in Figs. 10 and 11.
While the Monash tune aims to describe a number of ob-
servables other than the strangeness production rate in
Pythia, it is tuned to both LEP and LHC data [14], mak-
ing it an apt benchmark for this discussion.

We can see that our model performs marginally better
than Pythia, and significantly better than default Herwig,
when trying to describe the K± and drastically better on
both counts for the K/⇡ ratio yields, as shown in Fig. 10.
However, in the low-p? region, both Pythia and our model
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Strong support for 
geometric models 
from perturbative 
evolution.

Numerical results

Toy Monte Carlo to study colour evolution of up to 5 clusters (!
120 possible colour flows)
Use different quark kinematics:
I RAMBO phase space
I Multiperipheral phase space (UA5)

RAMBO
UA5
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Confronting hadronization models with 
analytic power correction models

[Hoang, Plätzer, Samitz — in progress]
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Colour reconnection & soft modelling

Improvements to soft MPI,

including soft diIraction.

SigniPcant development on colour reconnection

and baryon production, theoretical progress

in understanding phenomenological

models from soft gluon evolution.

[Gieseke, Kirchgässer, Loshaj – EPJ C77 (2017) 156]
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Herwig

analytic

Confronting hadronization models with 
analytic power correction models

[Hoang, Plätzer, Samitz — in progress]



Outlook

• Some first tries in heavy flavour formation within 
gluon splitting, but needs kinematic feedback to only 
happen at relevant scales.

• Further investigations into gluon splitting and cluster 
fission driven by comparison to analytic power 
corrections, including flavour dependence

• Study mass effects in theoretical investigations of 
colour reconnection such as colour evolution.

[Kirchgaesser, Plätzer — in progress]
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Thank you!

A. Siodmok, Space-time CR in H7

More information about Monte Carlo Event Generators

Next school will be organized by KIT
A. Siodmok, Space-time CR in H7


