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1. Measurements of Multibosons: current results and outlook
Towards a combination of ATLAS/CMS measurements

Full Run2 (2015 — 2018) measurements on-going/about to be available in many VV channels : [Taken from Corinne Goy’s slide during
MB subgroup meeting on 16/07/20]
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Towards a combination of ATLAS/CMS measurements

Full Run2 (2015 — 2018) measurements on-going/about to be available in many VV channels : [Taken from Corinne Goy’s slide during
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E.g. for WZ
Possible combinations

* Integrated cross-sections
. 5(W2), 6(W*2)
e Ratio: o(W*Z)/c(W-2)

Points to consider

* Phase Space
* Fiducial phase-space

e Differential distributions - Total phase-space
* Polarization fractions « Common source of systematics
* EFT, aGC

* Limits

e Diff distributions




1. Measurements of Multibosons: current results and outlook

Towards a combination of ATLAS/CMS measurements

Full Run2 (2015 — 2018) measurements on-going/about to be available in many VV channels : [Taken from Corinne Goy’s slide during

F.g. for WZ

Systematics — experimental

* Luminosity
* Magnitude on the WZ cross-section :

* CMS : 2.8% (stat:2.1 %)
e Typically vanishes in ratios
e 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

— Potentially large correlation

* Between years 2015 - 2018

* “and are partially correlated between years”

MB subgroup meeting on 16/07/20]

Systematics — theoretical & modelling

* Electroweak Physics constants :
 MZ, MW, Branching Ratios, alpha_qged : small if not tiny

PDFs + alpha_s : PDF4LHC prescription

* CMS: NNPDF3.0 set
QCD scales: uF and uR, central value and variations

 Parton Shower
e Pythia/Herwig

Pile-Up (& Underlying events) Usually, not

* Uncertainty on the predicted inelastic cross-section considered as a th
& mod error

e CMS: 5% on the predicted cross-section

* Correlation : Experiments / Year / Channels

+ backgrounds



1. Measurements of Multibosons: current results and outlook
Towards a combination of ATLAS/CMS measurements

Full Run2 (2015 — 2018) measurements on-going/about to be available in many VV channels : [Taken from Corinne Goy’s slide during
MB subgroup meeting on 16/07/20]

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



1. Measurements of Multibosons: current results and outlook
phase-space definitions

ATLAS and CMS common (sub)

> 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.nepforge.org/analyses/ATLAS 2019 11734263

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

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

1/0" do"*/dm,, [fo/GeV]

> 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/

E.g. to be used as benchmark for
MC/theory comparisons

CMS/ATLAS

[See Kristin Lohwasser’s slide during
MB subgroup meeting on 21/07/20]
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3. Predictions for Multibosons: MC/phenomenological studies

3  Predictions for Multibosons: M(C/phenomenological studies
Dibosons: NNLO QCD+NLO EW (S. Kallweit, J. Lindert, M. Wiesemann) . . . . . . ..
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https://arxiv.org/abs/2005.12128
https://arxiv.org/abs/2005.12128
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Predictions for Multibosons: MC/phenomenological studies

do /dpr v, [T/ GeV]
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Dibosons: photon radiation via YFS vs. NLO EW (C. Giitschow, M. Schonherr)
Dibosons: NNLOPS vs. NLO multi-jet merging
Tribosons (M. Schonherr) . . . . . . . . . . e

CMS/ATLAS MC comparison for VBS processes

pp = £ upin pp = £ wpiny - Py LHC s = 13TeV

YR contribution:

_ Discuss recommendations for QCD-EW
mixed uncertainties.

.........
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Comparisons of nominal and alternative samples-I
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4. Fiducial cross-section and BSM

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

N

Class A: Diboson production
Al: WW(— (¢ vp) A2: WZ(— (T lv) A3: ZZ(— 10 (71)
Ad: Wry(— lv) A5: Z~(— Uly)y A6: Zvy(— vvy)y
Class B: vector-boson fusion (VBF)
Bl: Zjj(— (¢~ B2: Wjj(— (v
Class C: vector-boson scattering (VBS)
Cl: W*W*=* jj(— (*vw)jj; C2: WZ jj C3: WZ jj (QCD)
Ca: ZZ 43 Ch: ZZ jj (QCD) C6: Z~v 49
C7: WEWT jj C8: W*WT j;5 (QCD)

What can be gained

from combination?

.-. The
=Y & University
o ) o

o %000
.........
o °
......
e 9. e

Sheffield.

Kristin Lohwasser |
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4. Fiducial cross-section and BSM

Survey of EFT and multibosons

= “General” BSM regions with high sensitivity (based on experimental measurements)
— Projections / general cuts

Diboson Production

Final Object Selection requirements
state
Ww leptons pr >25 GeV, |n| < 2.5
neutrinos (3 F.) > 30 GeV
jets 0 or 1 jet with pr >30 GeV

and within |n| < 5.0

final BSM region BSM1: 0 jet, my >600 GeV
BSM2: 1 jet, my >600 GeV
BSM3: 0 jet, prg.., > 400 GeV
BSM4: 1 jet, Prbiees >400 GeV

WZz leptons PTlead >25 GeV, pr >15 GeV, |n| < 2.5
neutrinos " 7F.) > 30 GeV
jets no b-jets with pr >30 GeV
and within |n| < 5.0
bosons mrw >30 GeV (see Eq.[21),

A(mgz,my) <15 GeV
final BSM region BSM1: mrwz: >600 GeV (see Eq.|22)
BSM2: ma, > 1250 GeV

ZZ leptons pr >25 /15 /10 GeV (leading leptons), [n| <
2.5
bosons A(mz, mg) <25 GeV
final BSM region BSM1: mzz > 1.0 TeV
W leptons pr >35, [n| < 2.5
photons Er >25, |n| < 2.5, AR(¢,v) > 0.7
neutrinos (" F.) > 30 GeV
bosons mow >50 GeV
final BSM region pr~t 25-60 GeV, 60-90 GeV, 90-150 GeV, o
>150 GeV Kristin Lohwasser | 2

v éflefﬁeld.



4. Fiducial cross-section and BSM

Survey of EFT and multibosons

Coefficient A: Diboson production B: VBF C: Vectorboson scattering
Class 1 Al: A2: A3: Ad: Ab: AG: B1: B2: C1: C2: C3: C4: | C5: Cé6: | CT: C8:
ww| wz| zz | wy | 2y Z~ Zij | wijil|l wrw=| wz wz | zz| zz | zv | wEwT| wtwT
(£€y) [ (viry) 3 73 Ji 73 Ji V¥ ] 3 33
(QCH) (QCD)) (QCD)
cG v 7 v
Cé v v v
ew v v v v v v v v v | v v | v v
- v v v v v v v v v | v v | v v
Class 2
cy v v
Class 3
cHD v v v v v v v | 7 v | 7 v
cHD Y 0 v v v v v 0 o v v v | v v | v 0
Class 4
CHG v v v v v v v v v v | v v | v v
€y ¢ % v v v v v v v v | v v | v v
CHW v 0 v v v v v v v | v v | v
€ by i v v v v v v v v v v v v |« v | v v
cuB v v v v v v | v v | v
o v v v v v v | v v | v v
CHW B v v v v v v v v v v v v | v v | v
— v v o v v v v v v v v v |« v | v v
= General “affectedness” (above) Class 1 - Positive Interference
10 ! BAoww
. pn e o . — |
= Specific % sensitivity w/r to the SM (still - | W A3 2z
working on better presentation) ! | A Woam
o P 1 E— : B A5_Zinvgam
- B1_ZjjVBS
= Comparison with current MB limits: o B2 WjjVBS
_ oo e . C1_WWijjVBsS
https://twiki.cern.ch/twiki/bin/view/CMSPu % ¢ = o Wij]:/Bs
blic/PhysicsResultsSMPaTGC .| | Bl C3sm_2zzjves
B c3 zzjves
B c4 zgamijjvBs
Tl B L | I C5_oswwijvBS
..:,’.o’.? C [T}gfversity 10 cHI1 cHI3 cHe cHq1 cHq3 cHu cHd
; o.’. e ::.'.g Of
RN Sheffield.




Outlook

CERN Yellow Reports: Monographs CERN-2019-XXX-M
Volume X/2019

Most important: need to focus attention!
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