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1. Measurements of Multibosons: current results and outlook

(Re)discussion needed on scope:  

Reviews vs. Recommendations vs. 
joint (sub)-phase-space definitions 



1. Measurements of Multibosons: current results and outlook

Full	Run2	(2015	–	2018)	measurements	on-going/about	to	be	available	in	many	VV	channels	:	

qWhich	measurements	to	combine	?  
qHow	to	express	the	results	of	each	experiments	in	order	to	facilitate	the	combina8on	?	

[Taken from Corinne Goy’s slide during  
MB subgroup meeting on 16/07/20]

Towards a combination of ATLAS/CMS measurements  
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Full	Run2	(2015	–	2018)	measurements	on-going/about	to	be	available	in	many	VV	channels	:	

qWhich	measurements	to	combine	?  
qHow	to	express	the	results	of	each	experiments	in	order	to	facilitate	the	combina8on	?	

Possible combinations

• Integrated cross-sections 
• σ(WZ), σ(W+Z)
• Ratio: σ(W+Z)/σ(W-Z)

• Differential distributions 

• Polarization fractions 

• EFT, aGC
• Limits 
• Diff distributions

Points to consider
• Phase Space

• Fiducial phase-space
• Total phase-space

• Common source of systematics 
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E.g. for WZ

[Taken from Corinne Goy’s slide during  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1. Measurements of Multibosons: current results and outlook

Full	Run2	(2015	–	2018)	measurements	on-going/about	to	be	available	in	many	VV	channels	:	

qWhich	measurements	to	combine	?  
qHow	to	express	the	results	of	each	experiments	in	order	to	facilitate	the	combina8on	?	

E.g. for WZ
Systematics  – experimental 
• Luminosity
• Magnitude on the WZ cross-section : 

• ATLAS :  2.2%    (stat: 1.6 %)  
• CMS     :  2.8%    (stat: 2.1 %)  

• Typically vanishes in ratios
• Between ATLAS/CMS 

• “The largest contribution to the uncertainty comes from the extrapolation of the calibration 
from the low-luminosity vdM scans to the high-luminosity physics data-taking regime “

from :  ATLAS-CONF-2019-021 : Luminosity determination in p p collisions at sqrt(s) = 13TeV 
using the ATLAS detector at the LHC
Æ Potentially large correlation  

• Between years 2015 – 2018 
• “and are partially correlated between years”  

7/16/2020 LHC-EW-Working Group 6

Systematics – theoretical & modelling 
• Electroweak Physics constants : 

• MZ, MW, Branching Ratios, alpha_qed :  small if not tiny 
• PDFs + alpha_s : PDF4LHC prescription

• ATLAS : CT10 set    
• CMS :  NNPDF3.0 set  

• QCD scales:  µF and µR, central value and variations    
• Parton Shower 

• Pythia/Herwig
• Pile-Up  (& Underlying events)

• Uncertainty on the predicted inelastic cross-section
• ATLAS : takes the diff between measured and predicted 
• CMS :  5%  on the predicted cross-section

• Correlation : Experiments / Year / Channels 

7/16/2020 LHC-EW-Working Group 7

Usually, not 
considered as a  th
& mod error 

+ backgrounds

[Taken from Corinne Goy’s slide during  
MB subgroup meeting on 16/07/20]

Towards a combination of ATLAS/CMS measurements  



1. Measurements of Multibosons: current results and outlook

Full	Run2	(2015	–	2018)	measurements	on-going/about	to	be	available	in	many	VV	channels	:	

qWhich	measurements	to	combine	?  
qHow	to	express	the	results	of	each	experiments	in	order	to	facilitate	the	combina8on	?	

Our aim is to discuss this in detail in the YR for individual channels:  
currently work on WZ and WW 

[Taken from Corinne Goy’s slide during  
MB subgroup meeting on 16/07/20]

Towards a combination of ATLAS/CMS measurements  
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[See Kristin Lohwasser’s slide during  
MB subgroup meeting on 21/07/20]
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Introduction

 Objectives and motivation

 Methodology

 Team, plan and outcome

WW cross sections at s = 13 TeV

> ATLAS measurement at 13 TeV (36 /fb, 2015-2016 data) 
 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/
 https://www.hepdata.net/record/ins1734263
 https://rivet.hepforge.org/analyses/ATLAS_2019_I1734263

> CMS measurement at 13 TeV (36/fb, 2015-2016 data)
 http://cds.cern.ch/record/2714766

> Very different cuts, as per usual, but plenty of nice differential distributions

→ But this is not the usual problem

Kristin Lohwasser |LHCEWWG MB | CMS/ATLAS WW |     3
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WW cross sections: Common phase space and bins

> Additional information available for both experiments: common phase space

> Based on discussion in LHC-EWWG MB in Feb. 2017 (and followed up)
 https://indico.cern.ch/event/607366/

> Additional material somewhat “hidden”

 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/#a

uxstuff
 (→ CMS link to be added)

The simplified phase space is defined by requiring exactly one electron and muon 

(pTℓ>25 GeV, |ηℓ|<2.5), no jets (pTjet>30 GeV, |ηjet|<4.5) and ETmiss>20 GeV. 

LeadLepPT      { 27.,40.,50.,60.,70.,80,90,100.,110,130,150.,175,220,300,999.} )

Ptll        { 30.,35.,40.,45,50.,55,60.,65,70.,75,80.,90,105,140,200,999} )

Mll        

 { 55.,75, 85,95.,110.,125,140.,160.,185,220,280.,380,600,1500.} )

E.g. to be used as benchmark for  
MC/theory comparisons
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Use this joint phase-space

Currently being considered:  
• NNLOPS from POWHEG+Matrix 
• MEPS@NLO QCD(+EW) from Sherpa 
  (see also 2005.12128) 

Data
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YR contribution:  
Discuss recommendations for QCD-EW  
mixed uncertainties.

[1912.00068]
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Summary of published studyS
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Figure 7: Di↵erential cross-sections as a function of the four-lepton invariant mass for e
+
e
�
µ
+
µ
� pro-

duction (top) as well as µ
+
µ
�
µ
+
µ
� production (bottom). The NLO EW prediction (green) is

compared to predictions in the EWapprox approximation, augmented with PHOTOS (dotted) or
YFS (solid) using either a conservative (red) or relaxed (blue) clustering threshold. The Born-
level prediction is illustrated by the black curve. The absolute cross-sections are shown on the
left for a dressing-cone size of 0.1, while ratios of the PHOTOS and YFS curves are shown with
respect to the NLO EW prediction on the right for di↵erent dressing-cone sizes.
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Possible extension:  
compare against 2005.12146  
(POWHEG-BOX-RES  
VV@NLO QCD+EW)
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Figure: Comparison of the inclusive and exclusive jet multiplicities for the nominal and alternative samples. All uncertainty
bands are statistical only. The samples have been normalised to unity.

Ratios are computed w.r.t powheg+pythia8-dipole-recoil (atlas) sample.
powheg+pythia8-dipole-recoil (atlas) sample predicts a much lower inclusive & exclusive jet multiplicities
compared to the other samples with the exception of the mg5_amc@nlo+pythia8-dipole-recoil (atlas), that
also uses the dipole-recoil scheme.
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Figure: mjj & �⌘jj are compared for the nominal and alternative samples. All uncertainty bands are statistical only. The
samples have been normalised to unity.

Ratios are computed w.r.t powheg+pythia8-dipole-recoil (atlas) sample.
mjj distribution is the softest for the sherpa (atlas) sample and falls off much quicker than the others, whilst
the other samples are more similar.
mg5_amc@nlo+pythia8 (cms) sample tends to exhibt a slight smaller rapidity gap compared to the dipole
samples.

7 / 13

Based on analysis from VBSCan: 
arXiv:1803.07943 

3. Predictions for Multibosons: MC/phenomenological studies

Contents

1 Measurements of Multibosons: current results and outlook 1

2 Predictions for Multibosons: state-of-the-art and best-practise 3
2.1 Dibosons (S. Kallweit, M. Wiesemann) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 VBF (J. Lindert?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 VBS (M. Pellen, M. Zaro) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.4 Tribosons (M. Schönherr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5 Monte Carlo Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.1 Herwig (J. Bellm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.2 MadGraph_aMC@NLO (M. Zaro?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.3 Powheg (E. Re) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.4 Sherpa (F. Siegert) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3 Predictions for Multibosons: MC/phenomenological studies 5
3.1 Dibosons: NNLO QCD+NLO EW (S. Kallweit, J. Lindert, M. Wiesemann) . . . . . . . . 5
3.2 Dibosons: photon radiation via YFS vs. NLO EW (C. Gütschow, M. Schönherr) . . . . . . 5
3.3 Dibosons: NNLOPS vs. NLO multi-jet merging . . . . . . . . . . . . . . . . . . . . . . . 5
3.4 Tribosons (M. Schönherr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.5 CMS/ATLAS MC comparison for VBS processes . . . . . . . . . . . . . . . . . . . . . . 5

4 Fiducial cross-section and BSM 7
4.1 Introduction and Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.2 Current status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Appendices 13

Acknowledgements 15

v

http://cdsweb.cern.ch/record/2737267
https://cds.cern.ch/record/2730973
http://cdsweb.cern.ch/record/2737267
https://cds.cern.ch/record/2730973


ATLAS:
http://cdsweb.cern.ch/record/2737267

CMS:
https://cds.cern.ch/record/2730973

Now public from both sides:

Establishes technical and 
organisational proof-of-concept  
for such comparisons!  

Comparisons of nominal and alternative samples-II

ATLAS+CMS
Generator Level

Preliminary

PW+Py8 dipole (ATLAS)

EWK MG5 (CMS)

Sherpa (ATLAS)

MG5+Py8 dipole (ATLAS)

10
–4

10
–3

W
±

W
± ! e

±µ±n
e

nµ

A
rb

it
a
ry

U
n
it
s

500 1000 1500 2000 2500 3000 3500 4000

0.4

0.6

0.8

1

1.2

m
jj

[GeV]

R
a
ti
o

ATLAS+CMS
Generator Level

Preliminary

PW+Py8 dipole (ATLAS)

EWK MG5 (CMS)

Sherpa (ATLAS)

MG5+Py8 dipole (ATLAS)
10

–3

10
–2

10
–1

W
±

W
± ! e

±µ±n
e

nµ

A
rb

it
a
ry

U
n
it
s

2 3 4 5 6 7 8 9
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Dh
jj

R
a
ti
o

Figure: mjj & �⌘jj are compared for the nominal and alternative samples. All uncertainty bands are statistical only. The
samples have been normalised to unity.

Ratios are computed w.r.t powheg+pythia8-dipole-recoil (atlas) sample.
mjj distribution is the softest for the sherpa (atlas) sample and falls off much quicker than the others, whilst
the other samples are more similar.
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samples.

7 / 13

Based on analysis from VBSCan: 
arXiv:1803.07943 

3. Predictions for Multibosons: MC/phenomenological studies

Contents

1 Measurements of Multibosons: current results and outlook 1

2 Predictions for Multibosons: state-of-the-art and best-practise 3
2.1 Dibosons (S. Kallweit, M. Wiesemann) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 VBF (J. Lindert?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 VBS (M. Pellen, M. Zaro) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.4 Tribosons (M. Schönherr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5 Monte Carlo Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.1 Herwig (J. Bellm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.2 MadGraph_aMC@NLO (M. Zaro?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.3 Powheg (E. Re) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.5.4 Sherpa (F. Siegert) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3 Predictions for Multibosons: MC/phenomenological studies 5
3.1 Dibosons: NNLO QCD+NLO EW (S. Kallweit, J. Lindert, M. Wiesemann) . . . . . . . . 5
3.2 Dibosons: photon radiation via YFS vs. NLO EW (C. Gütschow, M. Schönherr) . . . . . . 5
3.3 Dibosons: NNLOPS vs. NLO multi-jet merging . . . . . . . . . . . . . . . . . . . . . . . 5
3.4 Tribosons (M. Schönherr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.5 CMS/ATLAS MC comparison for VBS processes . . . . . . . . . . . . . . . . . . . . . . 5

4 Fiducial cross-section and BSM 7
4.1 Introduction and Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.2 Current status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Appendices 13

Acknowledgements 15

v

http://cdsweb.cern.ch/record/2737267
https://cds.cern.ch/record/2730973
http://cdsweb.cern.ch/record/2737267
https://cds.cern.ch/record/2730973


4. Fiducial cross-section and BSM

Kristin Lohwasser  |     1

Introduction

 Objectives and motivation

 Methodology

 Team, plan and outcome

Survey of EFT and multibosons

 Systematic review of multiboson processes:

→ which operators do they constrain?

→ how sensitive are they (relatively speaking, also w/r to other processes)

 “Toy” exercise

 Define processes 

What can be gained  
from combination?



4. Fiducial cross-section and BSM

Kristin Lohwasser  |     2

Introduction

 Objectives and motivation

 Methodology

 Team, plan and outcome

Survey of EFT and multibosons

 “General” BSM regions with high sensitivity (based on experimental measurements)

→ Projections / general cuts



4. Fiducial cross-section and BSM

Kristin Lohwasser  |     3

Introduction

 Objectives and motivation

 Methodology

 Team, plan and outcome

Survey of EFT and multibosons

 



 General “affectedness” (above)

 Specific % sensitivity w/r to the SM (still 

working on better presentation)

 Comparison with current MB limits:

https://twiki.cern.ch/twiki/bin/view/CMSPu

blic/PhysicsResultsSMPaTGC



Outlook

CERN Yellow Reports: Monographs
Volume X/2019

CERN-2019-XXX-M

Multibosons Physics at the LHC

Report of the EW Working Group

Editors: P. Azzuri
C. Degrande
L. Helary
S. Li
M. Liu
J.M. Lindert
K. Lohwasser
P. Vischia

Most important: need to focus attention!


