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Diboson and Multibosons at the LHC

Standard Model Production Cross Section Measurements

Status: February 2022
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Diboson and Multibosons at the LHC

CMS Prellmmary
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CMS measurements
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* Diboson: access to triple gauge boson coupling
(TGCs), entering precision era.

* Vector Boson Scattering (VBS) and triboson:
Access to quartic gauge boson couplings
(QGCs), first evidences and observations

* BSM effects parametrized by higher dimension
operators in an effective field theory framework

0(5) + Z

Lsmerr = Lsm + Z 0(6)



Connection with the Higgs

Vector boson scattering

VVV: TGC mediated, Higgs mediated, QGC

q




SM processes with QGC

process\QGC WWwWw WW2zZ WW2Zy WWyy
WAWIT X X X X
WZijj X X
Y74 X
W/2Zyijj X X
WW (via yy) X
WWWwW X
WWwZ X X
X
Wyy X
W2y X
AAY X X

e TGCs/diboson are relatively well-known

e More channels are sensitive to Dim (6) and Dim(8) operators. E.g. ZZZ
)



Evidences/Discoveries of processes with QGC

Process\QGC LHC results
WWij Observation of EWK production,search with T leptons,
Obs of EWK. Ohs OS WW
WZjj Observation
ZZjj Observation
W/2Zyjj Observation,
WW (via yy) Search for exclusive production
WWW Observation (VVV), Observation
WWwWZ2Z Observation (VVV),

Observation (VVV)

Observation,

Observation

Observation

An incomplete list, please see the Iateséc results here: ATLAS and CMS



https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-001/index.html
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https://arxiv.org/abs/1906.03203
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loday's talk

e Highlight recent experiment results from ATLAS and CMS,
focused on recent observations, new signatures, new (or
resurrection) techniques

* New results completing the ‘observation chart’
e Constraints on Higgs couplings from VVV
* |nclude hadronic T leptons
e CP violating terms
e Differential measurements
e Interference as a probe for higher order operators

e Run 3 result at 13.6 TeV
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Observation of WZy Link
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W and Z decay leptonically:

3 leptons (e/p) plus additional photon, full Run-2 data. 6.3 (5) o observed(expected)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-17/
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Observation of WWy
& constraints on Higgs coupling to light fermions

Table 2: Upper limits on the cross section and derived limits in terms of Yukawa coupling at
95% CL for Hy production initiated by light quarks.

2 leptons (e/y) plus
additional photon and
missing transverse
energy, full Run-2 data.
observed (expected)
significance is 5.6 (4.7)

Process 0 upper limits obs. (exp.) [fb] ~«x, limits obs. (exp.) at 95% CL K limits obs. (exp.) at 95% CL
ut — H+ 7 — epv v,y 85 (67) x| < 16000 (13000) x| <75 (6.1)
dd — H+1vy — epv, v,y 72 (58) Kq| < 17000 (14000) Kq| < 16.6 (14.7)
ss > H+7vy — epvev,y 68 (49) x| <1700 (1300) %, | <32.8(25.2)
cc > H+v—euvy,y 87 (67) k.| <200 (110) K. | < 45.4 (25.0)
c OCMS 138 fo' (13 TeV)
c 150~ = ~ ' "~ T T o T .
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\ \WY IS -Category 0 jet ' v Nonprompt /
4 i Il Top Nonprompt y
B H @ 100 : ,
q
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-22-006/index.html

Same-sign W boson pairs (ssWW) with a hadronically decaying T

O(ab) link
" 138 fb™' (13 TeV) 138 o' (13 TeV)
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* Hadronically decaying T tagged with a DeepTau algorithm. Additional DNN as main
discriminate

e 2.7 standard deviations observed (1.9 expected) for electroweak same-sign WW

scattering, QCD production fixed to SM
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-008/index.html

Events
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EWK W=W=jj constraints on Dim-8 operators
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/

Evidence of pair production of longitudinally polarized

vector bosons and study of CP properties in ZZ — 4] |ink

=  ATLAS Simulation —Z,Z, -+ Z;Z,(w/o NLO correction) ]

“E Vs=13TeV 22 ... 2ZWONLO )
E oqq—ZZ— 4l —
I (W/o NLO )

— polarisation states
==+ shape-only

q Z | ﬁ
q 7 g

ATLAS Simulation

Vs=13 TeV SM q§— Z2Z— 4l

o 1
N
>

—

0.5
o :
-0.5

- 05 0 05 1

Tyz,1(3) = SIn ¢1(3) X COS 91(3)

Maximizes the asymmetry of the
system, used to constraint CP-
odd operators.

(@)

= 11
O 1.05
—

Z

0.95
095

08 06 04 02 0 0.2 04 06 08
BDT Score

Longitudinally polarized
component measured with
observed(expected)
significances of 4.3(3.8) o

Q
P Vs 401" .
g OOOOOO
S eeen 8

$ 4 ]

Data / Pred.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-05
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* High ma: MC over predicts, needs EWK correction

e NNNLO+PS prediction describes the distribution of jet multiplicities better
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-005/index.html

ZZ measurements@13.6 TeV ..
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https://arxiv.org/abs/2311.09715

Combined effective field theory interpretation of
Higgs boson and weak boson production lin
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

Final Remark

LHC data provides opportunities in discovering and studying events
with multiple bosons.

More in the pipeline with full Run-2 data
e e.g. VVV with boosted jets targeting EFT
LHC Run 3 data collection on-going at 13.6 TeV

e Measurements at different center of mass. More stats provides
opportunities in differential measurements, more extensive
studies on dim-6 and dim-8 operators, isolating longitudinally
polarized components.

 And other creative ways of analyzing our datasets.

Stay tuned!
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Same-sign W boson pairs (ssWW) with a
hadronically decaying T

138 fb™ (13 TeV)

e VB5Sjet pair invariant mass M;; £ wpovs = o
Sigrqal Region

e transverse mass My (¢, f7s8);

e transverse mass M;r; DNN as main

e transverse mass M,; discriminate for

e pr of leading VBS jet; U_ : background
e pr of subleading VBS jet; -t ity SUPPIESSION
¢ Pr of Thy E (2) ;
[ ) pT Of E, T 0T 050705 0507 S&BDNIS_zum;:

e ratio of pt of the leading track of the jet associated with 7y, to the 7, pr.

e Significance:

e 2.7 standard deviations observed (1.9 expected) for electroweak same-sign WW
scattering, QCD production fixed to SM.

e Simultaneous fits: observed (expected) significance of 2.9 (2.0) standard
deviation

e VBS EWK production has been confirmed in e/p channels.e.g. Observation of VBS
WW EWK
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-001/index.html

Evidence of pair production of longitudinally polarized
vector bosons and study of CP properties in ZZ — 4|
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