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Some Motivation (if needed at all)
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Run I

Run II

more luminosity
more jets

more UE/Soft data
more statistics in tails

will go away
or become
significant

will be 
able to

differentiate

results will be used
to conclude

on new physics

collection from
ATLAS and CMS official web page

caution — some may be no issues anymore
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Outline
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✦ the near future

✦ the present

✦ releases of Herwig

✦ the past

✦ current testing
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The Release Wave Pattern
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The Past
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Main features of HERWIG/Herwig++

Angular ordered Shower
Cluster Hadronization 

UFO Support
MPI Model

Selected processes at NLO
ME corrections

JHEP 0101 (2001) 010  

Eur.Phys.J. C58 (2008) 639-707  
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H++ 2.7
Well described first 
emission for 
normalised distributions.

Multiple hard emissions 
not well described.

Building POWHEG for 
simple processes. 

Multiple new scale factors 
introduced to assign 
uncertainties beyond 
the hard process.

Since 2.6:
Early stage NLO 
matching in Matchbox.
Dipole Shower as 
second option.

arXiv:1310.6877 

http://arxiv.org/abs/arXiv:1310.6877


The Release Wave Pattern
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Two Showers
Automated NLO

Multiple ME Interfaces
Two NLO Matching Schemes

Spin Correlations in AO Shower
Improved Sampling/Integration
QED radiation in AO shower

Improved Documentation
On the fly Reweighting

Simple Input files
New Tunes

Herwig 7.0(.4)  

The Present
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H++ 2.7

The plots are 
produced by the 
validation procedure.

No process specific 
modification used.

Here only plots that 
we had for H++2.7.

New plots with 
new data later on.

Johannes Bellm               



Data
Hw 7.0 LO ⊗ PS
Hw 7.0 NLO ⊗ PS
Hw 7.0 NLO ⊕ PS
Hw 7.0 MB NLO ⊗ PS
Hw 7.0 NLO ⊕ Dipoles
p

jet
⊥

> 20 GeV

10−1

1

10 1

10 2

10 3

10 4
Inclusive Jet Multiplicity

σ
(W

+
≥

N
je

t
je

ts
)

[p
b

]

0 1 2 3 4 5
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4

Njet

M
C

/
D

at
a

Data
Hw 7.0 LO ⊗ PS
Hw 7.0 NLO ⊗ PS
Hw 7.0 NLO ⊕ PS
Hw 7.0 MB NLO ⊗ PS
Hw 7.0 NLO ⊕ Dipoles

10−3

10−2

10−1

1

10 1

HT (W+ ≥ 1 jets)

d
σ

/
d

H
T

[p
b

/
G

eV
]

100 200 300 400 500 600 700
0.4
0.6
0.8

1

1.2

1.4
1.6

HT [GeV]

M
C

/
D

at
a

Data
Hw 7.0 LO ⊗ PS
Hw 7.0 NLO ⊗ PS
Hw 7.0 NLO ⊕ PS
Hw 7.0 MB NLO ⊗ PS
Hw 7.0 NLO ⊕ Dipoles10−5

10−4

10−3

10−2

10−1
Z p⊥ reconstructed from dressed electrons

1/
σ

d
σ

/
d

p
⊥

[G
eV

−
1
]

1 10 1 10 2
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4

p⊥(ee) [GeV]

M
C

/
D

at
a

Data
Hw 7.0 LO ⊗ PS
Hw 7.0 NLO ⊗ PS
Hw 7.0 NLO ⊕ PS
Hw 7.0 MB NLO ⊗ PS
Hw 7.0 NLO ⊕ Dipoles

10−6

10−5

10−4

10−3

10−2

10−1
k⊥ scale of 0 → 1 clustering (W → eν)

1/
σ

d
σ

/
d
√

d
0

[1
/

G
eV

]

1 10 1 10 2

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

√
d0 [GeV]

M
C

/
D

at
a

10

Herwig 7

Well described first 
emission for 
all distributions.

Multiple hard emissions 
not well described.

Soft region
not well described

Full NLO automation
with two showers
with two schemes

Eur.Phys.J. C76 (2016) no.4, 196  
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ttH Production for HXSWG 

128 I.6.4. Off-shell effects in tt̄H production
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Figure 70: NLO QCD+PS and fixed-order NLO QCD predictions for differential tt̄H observables at 13 TeV.
Each ratio plot shows all results normalized to one particular NLO QCD+PS prediction and the scale variation
band of the latter.

arXiv:1610.079224 Michael Rauch, Simon Plätzer: Parton Shower Matching Systematics in Vector-Boson-Fusion WW Production

take the p? spectrum of the leading jet in this case, though
similar findings apply to the other observables and inclu-
sive cross sections, as well. Choosing the analysis cut to
be equal to the generation cut is well contained within the
variation of the cut applied at the hard process. We there-
fore conclude that no further tuning of acceptance criteria
to minimise cut migration is required in this study. To err
on the side of caution, we nevertheless apply generation-
level cuts which are looser than the ones given in eq. 3.
An event is selected for further processing if at least two
jets with transverse momenta larger than 20 GeV within
a rapidity range of |y| < 5 are present, and the two lead-
ing jets have an invariant mass of at least 400 GeV with a
rapidity separation larger than 3. Also the lepton cuts are
relaxed to a minimum transverse momentum of 15 GeV
and an absolute value of the rapidity smaller than 3.

Contrary to the study presented in Ref. [82], here we
have considered the parton showers at their (tuned) de-
fault settings rather than the baseline settings; we expect
the e↵ects caused by these di↵erences to be small. The
only noticeable di↵erence in variations is a larger down-
variation of the angular-ordered shower when lowering the
renormalization scale appearing as argument of the strong
coupling; this e↵ect is only visible at the level of the hard
tagging jets and we therefore conclude that it is origi-
nating from an increased cut migration due to enhanced
radiation present in this variation.

Turning to uncertainties we first consider the distribu-
tion of the four-lepton invariant mass depicted in Fig. 3.
The larger upper panel shows the di↵erential distributions
using the central scale choice, exhibiting the Higgs boson
peak at 125 GeV and the continuum production region
above 2MW . Curves shown are the parton-level NLO re-
sults (black), leading order plus dipole shower (light blue)
and NLO matched results for the dipole and angular-
ordered shower (dark blue and red, respectively). The up-
permost of the smaller panels shows the ratio of the cross
section with respect to the parton-level fixed-order re-
sult, while the bands depict the overall scale variation en-
velopes. The four lower panels show the changes of the dif-
ferential cross section when varying, from top to bottom,
the factorization (µF ), renormalization (µR) and hard veto
scale (µQ), and all of them (µtot). Variations are per-
formed in the range µi/µ0 2 [ 12 ; 2]. For the total uncer-
tainty envelope, we allow the individual scales to vary in-
dependently, but require that ratios of scales also fulfil the
condition µi/µj 2 [ 12 ; 2].

We find that parton showering only mildly a↵ects the
shape of the four-lepton invariant mass distribution, while
the overall normalisation is subject to configurations show-
ered ’out’ of the VBF acceptance criteria. The shower un-
certainties are clearly reduced in changing from LO+PS
to NLO+PS simulation, with both showers yielding com-
parable results both in their central prediction as well as
variations. Similar conclusions apply to other observables
probing mainly the electroweak part of the final state, such
as the missing transverse momentum distribution Fig. 4
and the p? spectrum of the leading charged lepton Fig. 5.
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Fig. 3. The invariant 4-lepton mass comparing parton-level
NLO results (black) with scale variations, leading order plus
dipole shower predictions (light blue), and NLO matched re-
sults for the dipole and angular-ordered shower (dark blue and
red, respectively). The top ratio plot shows the central pre-
dictions and overall variation envelopes with respect to the
parton-level fixed-order result; the subsequent ratio plots show
the variations of the individual scales with respect to their
central predictions, focusing on factorization (µF ), renormal-
ization (µR) and hard veto scale (µQ) variations, as well as the
overall envelope (µ

tot

).

Further observables required to reconstruct the VBF
signature are significantly more a↵ected by parton shower
e↵ects, exemplified here in the case of the separation be-
tween the leading lepton and the leading jet shown in
Fig. 6, with the separation from the third jet being most
sensitive to shower e↵ects; within uncertainties, the show-
ers do, however, yield comparable results.

We finally turn to details of the third jet, as relevant
to applying central jet vetoes to suppress the impact of
QCD-induced contributions. Since this jet is present at
leading order only in the matched simulation and solely
consists of parton shower radiation for the LO+PS setting,
larger uncertainties and impact of showering are expected.
While small transverse momenta of the third jet are, at
NLO+PS, mostly stable with respect to shower e↵ects,
Fig. 7, further details of the radiation pattern, particu-
larly the relative position of the third jet with respect to

VBF WW Production
arXiv:1605.07851
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Fig. 18. Separation between the Higgs and the leading jet for
Higgs plus one (inclusive) jet as computed by the Dipole shower
for resummation (red) and hfact (lime) profile compared to the
ME (black) prediction. Top ratio plot: same as before. Second
and third ratio plots: resummation respectively hfact profile
with full error band vs. variation of only either µH , µQ or µS .
Last ratio plot: resummation profile with full error band vs.
a subset where µH and µS are varied in a correlated (dark
purple) respectively anti-correlated (hatched) manner, while
µQ is held fixed.

arguments presented in Sec. 3. We therefore conclude that,
even with intrinsically restricted phase space, the hfact

profile does not provide controllable uncertainties and will
not be taken further into account in this study. We also
use Fig. 21 to perform an comprehensive breakdown of
the di↵erent variation directions in the ‘cube’ of possible
variations, showing that no individual variation actually
covers the full dynamics present. For LO plus PS simula-
tions, we therefore argue that the full band is taken into
consideration and improvements in the context of match-
ing and merging will be subject to future work.

We have so far considered processes with a colourless,
massive object that dominates the scale hierarchy at hand,
and, even in the presence of an additional jet, makes the
dynamics rather insensitive to additional radiation (as far
as this radiation is confined to reasonable phase-space re-
gions as identified above). A process where this is clearly
not the case is pure jet production in hadron collisions,
which also probes di↵erent colour structures that have
not been encountered in the hard processes considered
thus far. Owing to the back-to-back configuration at low-
est order, we expect considerable parton-shower e↵ects in
comparison to the hard matrix element for a number of
observables and expect to make a more detailed compari-
son to fixed order only once NLO improvement has been
incorporated. Nevertheless, we can still test as to what
extent the shower variations match up to expectations
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Fig. 19. Separation between the Z and the leading jet for Z
plus one (inclusive) jet as computed by the QTilde shower for
resummation (red) and hfact (lime) profile compared to the
ME (black) prediction. Top ratio plot: same as before. Second
and third ratio plots: resummation respectively hfact profile
with full error band vs. variation of only either µH , µQ or µS .
Last ratio plot: resummation profile with full error band vs
a subset where µH and µS are varied in a correlated (dark
purple) respectively anti-correlated (hatched) manner, while
µQ is held fixed.

in signalling regions where the prediction should gener-
ally be considered unreliable. We also test, once more, if
the two showers are comparable within their uncertain-
ties. Following the previous arguments, we only consider
the resummation profile, with a hard scale again given
by the jet p?. Sample results comparing to the hard ma-
trix element are shown in Figs. 22, 23 and 25, which show
that the two showers preform in a very similar way both
in their central predictions and variations; they also show
that qualitatively we find a behaviour similar to the sin-
glet plus jet benchmarks as if we had replaced the hard,
colourless, object with a jet as hard probe. Quantitatively,
however, we observe significant changes in rates for the
second jet, which need to be confronted with the impact
of cut migration as well as the impact of higher order cor-
rections. We also note that choosing the hard veto scale in
this setting has a significant impact on showered results.

With the transverse momentum of the third jet and
the 2 ! 3 resolution shown in Figs. 24 and 26 we consider
purely shower driven quantities; both of these nicely reveal
that the two showers, together with the resummation pro-
file, are perfectly compatible with each other, exhibiting
the same resummation accuracy.

Eur.Phys.J. C76 (2016) no.12, 665

LO Uncertainties
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Figure 10: Top-quark mass effects on (a) the invariant mass and (b) the R-separation of the
charged leptons. The curves labeled _massless show results for which the masses of the top and
bottom quarks in the loops have been set to zero. Ratio plots are with respect to gg_SM_massless.

The range in me+µ� has been limited to 300 GeV here for better visibility of the SM/BSM transition
region. We have verified that for very large values of me+µ� , the yellow and blue curves merge
again, as expected.
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Figure 11: Impact of the top-quark loops on the invariant mass and the R-separation of the charged
leptons. The curves labeled _notop show results for which diagrams with top-quarks in the loops
have been omitted altogether. Ratio plots are with respect to gg_SM_notop.

This result is contrasted to a calculation where the top-quark loops have been dropped altogether3,
shown in Fig. 11. This has a considerable impact on the me+µ� distribution beyond about 150 GeV,
however, the effect is much less pronounced than in the case where top-quark loops are taken into

3It should be noted here that omitting the top quarks also eliminates almost all contributions involving bottom
quarks. Only the diagrams where a Higgs boson couples to a b-quark pair remain, which are numerically negligible.
Therefore, omitting the top quark loops basically means excluding the third quark generation.
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Loop Induced WW Production
with BSM and top mass effects
JHEP 1605 (2016) 106 
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The Release Wave Pattern
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Herwig 7.1

EVTGen
New Soft Model

Improved Massive DS
NLO Merging with DS

KrkNLO Matching
New Tunes

The near Future

Lets compare apples with oranges…

Johannes Bellm               
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Herwig 7

The plots are 
produced by the 
validation procedure.

No process specific 
modification used.

Here only plots that 
we had for H++2.7.

New plots with 
new data later on.

Johannes Bellm               
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Herwig 7.1

Well described first 
emission for 
all distributions.

Multiple hard emissions 
well described.

Soft region
well described

Full NLO 
merging automation

Based on unitariesed 
merging procedure.

Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1/OpenLoops/MadGraph Prel.

Johannes Bellm               
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EVTGen
New Soft Model

Improved Massive DS

NLO Merging with DS

KrkNLO Matching

New Tunes

Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1

- B decays can be interfaced to be performed by EVTGen
- Communication of spin correlations in the decays
- Improving e.g. various fragmentation functions at LEP

Eur.Phys.J. C16 (2000) 597-611  
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ALEPH

Johannes Bellm               

P. Richardson

http://inspirehep.net/search?p=collaboration:'ALEPH'&ln=de


- Ladders produce partons flat in rapidity
- Adding SD and DD for Plateau
- Motivated by Regge Theory
- Tuned to MinBias data
- New default Model

See more details
in Patricks talk. 
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EVTGen

New Soft Model
Improved Massive DS

NLO Merging with DS

KrkNLO Matching

New Tunes

Herwig 7.1
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Phys.Rev. D92 (2015) no.1, 012003  
Eur.Phys.J. C77 (2017) no.3, 156 

Phys.Rev.Lett. 105 (2010) 022002  
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arXiv:1701.08695

CMS

CMS

Johannes Bellm               

Herwig 7.1 Prel.

S. Gieseke, F. Loshaj, P. Kirchgaeßer

https://inspirehep.net/author/profile/Gieseke%2C%20Stefan?recid=1503423&ln=de
https://inspirehep.net/author/profile/Loshaj%2C%20Frash%C3%ABr?recid=1503423&ln=de
https://inspirehep.net/author/profile/Kirchgae%C3%9Fer%2C%20Patrick?recid=1503423&ln=de
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EVTGen

New Soft Model

Improved Massive DS
NLO Merging with DS

KrkNLO Matching

New Tunes

Herwig 7.1
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Phys.Rev. D65 (2002) 092006 

- Improvements to massive 
kinematics for Dipole Shower

- Heavily improved                   
b-fragmentation

- Also revisited initial state 
emissions with heavy final state 
spectators

SLD

Johannes Bellm               

Herwig 7.1 Prel.

S. Plätzer, S. Webster



Top studies

NNLO K Factor

Top decays with
NLO corrections
for dipole shower

Various Scale 
Choices tested

Improved 
Kinematics

Ongoing studies
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ATLAS

ATLASATLAS

ATLAS

Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1/OpenLoops/MadGraph Prel.Herwig 7.1/OpenLoops/MadGraph Prel.

Herwig 7.1/OpenLoops/MadGraph Prel.

S. Plätzer, 
P. Richardson,
S. Webster
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ATLAS 2015 I1404878
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ATLAS 2015 I1345452
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EVTGen

New Soft Model

Improved Massive DS

NLO Merging with DS
KrkNLO Matching

New Tunes

Herwig 7.1

Herwig 7.1/OpenLoops/MadGraph Prel.
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Herwig 7.1/OpenLoops/MadGraph Prel.
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- Based on unitised merging idea
- Not fully unitarised 
- Various schemes to               

estimate uncertainties 
- Simple input file structure:              

do MF:Process p p -> e+ e- [ j j j]          
do MF:NLOProcesses 3

See more details and data comparisons
in talk on Thursday.

Johannes Bellm               

JHEP 1308 (2013) 114 

ATLAS

ATLAS

arxiv:1704.01530

JB, S. Gieseke, S. Plätzer
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EVTGen

New Soft Model

Improved Massive DS

NLO Merging with DS

KrkNLO Matching
New Tunes

Herwig 7.1
 Eur.Phys.J. C77 (2017) no.3, 164 

- Introducing MC scheme for PDFs
- Redefine PDFs
- Idea close to what CMW is for      , 

here for PDFs
- Currently limited to Drell-Yan like 

processes
- No kink at the hard shower scale

↵S

https://krknlo.hepforge.org 
Johannes Bellm               

S. Jadach , G. Nail, W. Płaczek,
 S. Sapeta,  A. Siodmok, M. Skrzypek
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https://inspirehep.net/author/profile/Jadach%2C%20S.?recid=1477603&ln=de
https://inspirehep.net/author/profile/Nail%2C%20G.?recid=1477603&ln=de
https://inspirehep.net/author/profile/P%C5%82aczek%2C%20W.?recid=1477603&ln=de
https://inspirehep.net/author/profile/Sapeta%2C%20S.?recid=1477603&ln=de
https://inspirehep.net/author/profile/Siodmok%2C%20A.?recid=1477603&ln=de
https://inspirehep.net/author/profile/Skrzypek%2C%20M.?recid=1477603&ln=de
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Currently ~20000 observables 

Need a way to structurally 
filter results.

Johannes Bellm               

Herwig 7.1 -  Release Status / Testing
JB, S. Webster, 
P. Richardson



Summary and Outlook

23

✦ New soft model

✦ well described Z/W/Tops/jets physics

✦ close to release 

✦ successive improvements

Johannes Bellm               

✦ Extensive testing

Thank You!


