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Overview

 Diboson Study Motivation (Theory and Experiment)

e QOverview of Recent CMS Results from
e Run2: Wy, W=W=, ZZ, vy - WW
e Run 3: W=W+, WZ, Zy

e Conclusion



Theory

Motivation for Diboson Studies

a

particles in the SM except for gluons

[ )
* | Electroweak vector bosons couple to all other

come directly from electroweak symmetry
Jbreaking

 — Diboson studies particularly sensitive to
BSM effects through

 anomalous trilinear and quartic gauge
couplings

» Alternative Higgs models

~ |

J Photon Gluons

e (Their mass and longitudinal polarization state \

Summary of interactions
between particles
described by the Standard
Model

A energy stored
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Experiment

* | eptonic decays provide clean experimental
sighature —
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* Typically low uncertainties in trigger, o ' el | oms
identification and reconstruction
* Diboson processes can be used to study b e 0
proton substructure (slides 10-12) g [ ‘gfwwWmMW i
m,, [GeV] = o o0 10 20 B0 3r$)10 Ge\;,so
‘ T)iboson Processes are often dominantﬁ . arXiv:2404.02711 arXiv:2501.14849 -

backgrounds in other analyses
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses
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Abstract

arXiv:2212.12592v2 [hep-ex]

a

Abstract

A measurement is presented for the electroweak production of a W boson, a photon
(7), and two jets (j) in proton-proton collisions. The leptonic decay of the W boson
is selected by requiring one identified electron or muon and large missing transverse
momentum. The two jets are required to have large invariant dijet mass and large

paration in p idity. The is performed with the data collected
by the CMS detector at a center-of-mass energy of 13 TeV, corresponding to an inte-
grated luminosity of 138 fb~!. The cross section for the electroweak Wjj production
is 23574 fb, whereas the total cross section for W1jj production is 113 - 13 fb. Differ-
ential cross sections are also measured with the distributions unfolded to the particle
level. All results are in agreement with the standard model expectations. Constraints
are placed on anomalous quartic gauge couplings (aQGCs) in terms of dimension-8
effective field theory operators. These are the most stringent limits to date on the
aQGCs parameters fy 5 5/A* and frg 7/ A%

Published in Physical Review D as doi:10.1103/PhysRevD.108.032017.
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The first observation of the production of W*W* bosons from double parton scatter-
ing processes using same-sign electron-muon and dimuon events in proton-proton
collisions is reported. The data sample corresponds to an integrated luminosity
of 138fb ! recorded at a center-of-mass energy of 13TeV using the CMS detec-
tor at the CERN LHC. Multivariate discriminants are used to distinguish the sig-
nal process from the main ba A binned maxi ikelihood fit is per-
formed to extract the signal cross section. The measured cross section for produc-
tion of same-sign W bosons decaying leptonically is 80.7 % 112 (stat) 33 (syst) +
12.1 (model) fb, whereas the measured fiducial cross section is 6.28 + 0.81 (stat)
0.69 (syst) + 037 (model) fb. The observed significance of the signal is 6.2 standard
deviations above the background-only hypothesis.

Published in Physical Review Letters as doi:10.1103/PhysRevLett.131.091803

arXiv:2404.02711v2 [hep-ex] 6 Nov 2024

Diboson production in association with jets is studied in the fully leptonic Pnal states,
pp " (ZI1#)(ZI 1 #)+ jets™ 21215+ jets, (,!%= e or ) in proton-proton collisions
at a center-of-mass energy of 13 TeV. The data sample corresponds to an integrated
luminosity of 138fb 1 collected with the CMS detector at the LHC. Differential dis-
tributions and normalized differential cross sections are measured as a function of
jet multiplicity, transverse momentum py, pseudorapidity “, invariant mass and ! "
of the highest-py and second-highest-p; jets, and as a function of invariant mass of
the four-lepton system for events with various jet multiplicities. These differential
cross sections are with { that mostly agree with the
experimental data. However, in a few regions we observe discrepancies between the
predicted and measured values. Further improvement of the predictions is required
to describe the ZZ +jets production in the whole phase space.

Published in the Journal of High Energy Physicsiai 10.1007/JHEP10(2024)209

Abstract

A measurement of the cross section of W boson pair production in photon-fusion
(1" | WW) is performed, using an integrated luminosity of 138fb ' * of data col-
lected in proton-proton collisions in 201602018. Events are selected in the Pnal state
with one electron, one muon, and small track multiplicity around the interaction ver-
tex. The cross section of the!! | WW is measured to be 659 %3fb, and a bducial
cross section of 4.1+ 0.5fb is measured in the Pducial volume of an electron and a
muon of opposite charge, and no additional charged particle. In addition, a search
is presented for indirect effects of processes beyond the standard model using the
effective beld theory with up to -8.

arXiv:2406.05101v2 [hep-ex] 9 Jan 2025

This box is only visible in draft mode. Please make sure the values below make sense.

PDFAuthor: Cecile Caillol

PDFTitle: Measurement of the photon-induced production of a pair of W bosons
PDFSubject: CMS

PDFKeywords: CMS, W boson, photon-induced, SM, EFT

Abstract

Measurements at s = 13.6 TeV of the opposite-sign W boson pair production cross
section in proton-proton collisions are presented. The data used in this study were
collected with the CMS detector at the CERN LHC in 2022, and correspond to an in-
tegrated luminosity of 34.8fb ' 1. Events are selected by requiring one electron and
one muon of opposite charge. A maximum likelihood bt is performed on signal- and

-enriched data debned by the Bavour and charge of the lep-
tons, the number of jets, and number of jets originating from b quarks. The overall
sensitivity is signibcantly better than that of previous results with a similar integrated
luminosity. The improvement comes from a more rebned control of experimental un-
certainties and an improved bt strategy. An inclusive W * W' production cross sec-
tion of 125.7+ 5.6 pb is measured, in agreement with standard model predictions.
Cross sections are also reported in a bducial region close to that of the detector ac-
ceptance, both inclusively and differentially, as a function of the jet multiplicity in
the event. For the Prst time in proton-proton collisions, WW events with zero, one,
and at least two jets are studied simultaneously and compared with recent theoretical
predictions.

Published in Physics Letters B dei:10.1016/j.physletb.2024.139231

arXiv:2412.02477v2 [hep-ex] 28 Apr 2025

Abstract

The inclusive WZ production cross section is measured in proton-proton collisions at
a centre-of-mass energy of 13.6 TeV, using data collected during 2022 with the CMS
detector, ing to an ity of 34.7fb " 1. The measurement
uses multileptonic bnal states and a simultaneous likelihood bt to the number of
events in four different lepton Ravour categories: eee, eep, ppe, and ppp. The se-
lection is optimized to minimize the number of background events, and relies on an
efbcient prompt lepton discrimination strategy. The WZ production cross section is
measured in a phase space debned within a 30 GeV window around the Z boson mass,
as! i (pp # WZ) = 55.2+ 1.2 (stat)x 1.2 (syst)x 0.8 (lumi) + 0.3 (theo) pb. In addi-
tion, the cross section is measured in a Pducial phase space closer to the detector-level

i All the it in this paper are in agreement with
standard model predictions.

Published in the Journal of High Energy Physicsias10.1007/JHEP04(2025)115

The CMS Collaboration

Abstract

A measurement of the Z! production cross section in proton-proton collisions at a
center-of-mass energy of 13.6 TeV using the leptonic Pnal states is presented. A
data set corresponding to an integrated luminosity of 34.8 fb " 1, collected by the
CMS experiment at the LHC in 2022 is used. Events with an oppositely charged
pair of muons or electrons, together with an isolated photon are selected. The
measured Pducial cross section for the combined muon and electron channels is
1.896+ 0.00§th) + 0.054syst) + 0.033stat) pb. Constraints on Neutral Triple Gauge
Couplings generated by dimension-8 operators are determined for the prst time in a
new effective Peld theory framework recently proposed.

This box is only visible in draft mode. Please make sure the values below make sense.

PDFAuthor: Tianyu Mu, Charlot Claude, Jing Peng, Zhe Guan, Andrew Michael Levin,
Qiang Li,Tianyi Yang, Sen Deng, Sitian Qian, Conggiao Li

PDFTitle: Zgamma cross section measurement at 13.6 TeV

PDFSubject CMS

PDFKeywords: CMS, muti-boson, Run3
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Y | CERN-EP-2022-223
m% | 2023/08/29

CMS-SMP-21-011

Measurement of the electroweak production of W in
association with two jets in proton-proton collisions at
V5 =13TeV

The CMS Collaboration*
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Abstract

A measurement is presented for the electroweak production of a W boson, a photon
(7), and two jets (j) in proton-proton collisions. The leptonic decay of the W boson
is selected by requiring one identified electron or muon and large missing transverse
momentum. The two jets are required to have large invariant dijet mass and large

paration in p idity. The is performed with the data collected
by the CMS detector at a center-of-mass energy of 13 TeV, corresponding to an inte-
grated luminosity of 138 fb!. The cross section for the electroweak W1jj production
is 23574 fb, whereas the total cross section for W1jj production is 113 - 13 fb. Differ-
ential cross sections are also measured with the distributions unfolded to the particle
level. All results are in agreement with the standard model expectations. Constraints
are placed on anomalous quartic gauge couplings (aQGCs) in terms of dimension-8
effective field theory operators. These are the most stringent limits to date on the
aQGCs parameters fy 5 5/A* and fre /A%

arXiv:2212.12592v2 [hep-ex]

a

Published in Physical Review D as doi:10.1103/PhysRevD.108.032017.

©2023 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

“See Appendix A for the list of collaboration members
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Electroweak Production of Wy + Jets

Overview and Goal

« Measurement of fiducial cross section of E\W and EW+QCD production of Wy

e Set limits on anomalous gquartic gauge couplings (aQGC) in terms of
dimension-8 SMEFT operators

. Performed using 138 fb~! at \/E = 13 TeV
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Electroweak Production of Wy + Jets
Analysis Strategy

e Perform binned maximum likelihood fits of:

« EWK WY Inclusive Cross Section: ﬁ";j VS. ml},J
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Electroweak Production of Wy + Jets

Analysis Strategy

e Perform binned maximum likelihood fits of:

« EWK Wy Inclusive Cross Section:[m-- VS. 1, J

JJ

o Differential Cross Section Measurements:

. p%, % m, p%l, m; Unfolded Variables!
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Electroweak Production of Wy + Jets

Analysis Strategy

e Perform binned maximum likelihood fits of:

« EWK WY Inclusive Cross Section:@n-.

JJ

VS. ml},]

e Differential Cross Section Measurements:

[ J1
* Pr mly’pTa mji Unfolded Variables!

« aQGC Limits: Enw
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Electroweak Production of Wy + Jets

Results: Fiducial cross section measurements

-

e EW: ofig = i X OMG5 X Agf

e Opyw = 23.5 2.8 (s’ca’c)Jr1 9(’cheo)

fg:i(syst) 23. Sfjg fb

A

r

- * OEW+QCD = 113 = 2.0 (stat)

. EW+QCD: o5y = fi(6EWaEW 4 5QCD,QCD;)

+2.5
—2.3

(thec)+13(syst) =113+ 13 fb

« EW Production of Wy measured with observed (expected) 6.0 (6.8) o

significance
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Electroweak Production of Wy + Jets
Results: Dimension-8 SMEFT Operators

 New limits set on anomalous quartic gauge couplings in terms of dimension-8
SMEFT operators

» Set the most stringent limits to-date on f,,, 5/ AY, Jre—7/ A*

CMS 138 fb™' (13 TeV)
L
= |
Expected Observed UB %2 ~ —— Obs. 2ANLL
5.1 < /AT <51 =56 < f0/A* <55 1.7
T < /AN <74 78 < r /AT <81 21 10 —— Obs. 95% CL interval
1.8 < fy2/ A < 1.8 1.9 < fy2/A* <19 2.0
25 < fy3/ A <25 27 < fu3/A* <27 27 g |- '. .'
B3 < fya/ AP <33 =37 < fua/AP <36 2.3 | \
34 < fys5/AT <36 -39 < fu5/A* <39 2.7, 6 |- "
13 < f 7/ A* <13 ~14 < 7/ A\ < 14 2.2 f '.
-043 < fro/A* <051 047 < frp/A* <051 1.9 \
027 < fr1/A* <031 —031 < fp1/A* <034 25 4 Freeeeneenanee- sustesnns, [roememnnee
0.72 < fra/A* <092 —085< fra/A* <10 23
029 < fr5/A* <031 —031 < f;5/A* <033 26 2 |-
023 < frp/ AT <025 —025< f76/AT<027 29 |
G).()O < fr7/AY <068 —0.67 < f77/A* < 0.73 33 ol — 5 N oj/ , L
Fu/A* [TeV™
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

W=W=

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

. C§ CERN-EP-2022-270
[ 023/09/06

CMS-SMP-21-013

Observation of same-sign WW production from double
parton scattering in proton-proton collisions at /s = 13 TeV

The CMS Collaboration®

Abstract

The first observation of the production of W*W* bosons from double parton scatter-
ing processes using same-sign electron-muon and dimuon events in proton-proton
collisions is reported. The data sample corresponds to an integrated luminosity
of 138fb ! recorded at a center-of-mass energy of 13TeV using the CMS detec-
tor at the CERN LHC. Multivariate discriminants are used to distinguish the sig-
nal process from the main ba A binned maxi ikelihood fit is per-
formed to extract the signal cross section. The measured cross section for produc-
tion of same-sign W bosons decaying leptonically is 80.7 % 11.2 (stat)* 33 (syst) +
12.1 (model) fb, whereas the measured fiducial cross section is 6.28 + 0.81 (stat)
0.69 (syst) + 037 (model) fb. The observed significance of the signal is 6.2 standard
deviations above the background-only hypothesis.

Published in Physical Review Letters as doi:10.1103/PhysRevLett.131.091803
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©2023 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

“See Appendix B for the list of collaboration members.
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Double Parton Scattering with W=W=

Overview and Goal

* Double Parton Scattering (DPS) provides information on proton structure and parton
correlations

* Understand background contributions to other interesting SM+BSM analyses (DPS cross
section grows strongly with \/E)

* Single parton scattering (SPS) suppressed at matrix element level in same-sign WW

* Clean final state, largely insensitive to pileup effects

~

Z::




Analysis Strategy

» Signal Region composed of ei//ti and ,ui,ui final states with p
hadronic activity

MISS
T

Double Parton Scattering with W=W=

* Two Boosted Decision Trees (BDT) are used to separate the DBS signal from the dominant
\WZ background and the non-prompt background

 The two BDT scores are mapped onto a 2D distribution which is used to perform a maximum

likelihood fit
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Double Parton Scattering with W=W=

Results

e |Nnclusive measurement results In
;

- aggg = 380.7 £ 11.2(stat)fg:g(syst) + 12.1(model) fb~! J
* Fiducial measurement is performed using two generator-level SS ‘dressed’
leptons (adding the momenta of generator-level photons within

AR(l, v) < 0.1)

. Gg;gi(Fid) = 6.28 £ 0.81 (stat) = 0.69 (syst) = 0.37 (model)

. J
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

. | CERN-EP-2023-285
m% | 2024/11/08

CMS-SMP-22-001

Measurement of differential ZZ + jets production cross
sections in pp collisions at = s= 13 TeV

The CMS Collaboration*

Abstract

Diboson production in association with jets is studied in the fully leptonic Pnal states,
pp " (ZI1#)(ZI 1 #)+ jets™ 21215+ jets, (,!%= e or ) in proton-proton collisions
at a center-of-mass energy of 13 TeV. The data sample corresponds to an integrated
luminosity of 138fb 1 collected with the CMS detector at the LHC. Differential dis-
tributions and normalized differential cross sections are measured as a function of
jet multiplicity, transverse momentum py, pseudorapidity “, invariant mass and ! "
of the highest-py and second-highest-p; jets, and as a function of invariant mass of
the four-lepton system for events with various jet multiplicities. These differential
cross sections are with { that mostly agree with the
experimental data. However, in a few regions we observe discrepancies between the
predicted and measured values. Further improvement of the predictions is required
to describe the ZZ +jets production in the whole phase space.

Published in the Journal of High Energy Physicsiai 10.1007/JHEP10(2024)209
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©2024 CERN for the benept of the CMS Collaboration. CC-BY-4.0 license

*See Appendix A for the list of collaboration members
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Cross Section Measurement of ZZ — 4/
Analysis Strategy

- Inclusive and differential cross section measurements with L+ = 138 fb™! at

\/Ez 13 TeV

 Unfolded data compared with MadGraph, Powheg, and nNNLO+PS (MiINNLOpg)
predictions

e "%L$-f3H"963CI - -—.C—|M—Sr .......... 138 fb” (13 TeV)
v oL ~4-344 [ ]>% s 7 5 T -Daa [y 2z
5 S F —Jid =@$.§@ B %1500 - -f;;fvz =§fx+2’et3 W]
\ 2; s @t EF0/1$,G1 i Lﬁ u Syst. unc. i
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Cross Section Measurement of 7/ — 4l

Results

Generally good agreement
between data and the
theoretical models

The nNNLO+PS prediction
Improves the agreement in
the 1-jet and high-jet
multiplicity regions

EW corrections improve

description of my; (differential

k-factor, see
arXiv:2108.05337)
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

y - WW

CMS PAPER SMP-24-019

DRAFT
CMS Paper

The content of this note is intended for CMS internal use and distribution only

2025/07/08
Archive Hash: 113eb21-D
Archive Date: 2025/07/08

Measurement of the photon-fusion production of a pair of
W bosons

The CMS Collaboration

Abstract

A measurement of the cross section of W boson pair production in photon-fusion
(1" | WW) is performed, using an integrated luminosity of 138fb ' * of data col-
lected in proton-proton collisions in 201602018. Events are selected in the Pnal state
with one electron, one muon, and small track multiplicity around the interaction ver-
tex. The cross section of the!! | WW is measured to be 659 %3fb, and a bducial
cross section of 4.1+ 0.5fb is measured in the Pducial volume of an electron and a
muon of opposite charge, and no additional charged particle. In addition, a search
is presented for indirect effects of processes beyond the standard model using the
effective beld theory with up to -8.

This box is only visible in draft mode. Please make sure the values below make sense.

PDFAuthor: Cecile Caillol

PDFTitle Measurement of the photon-induced production of a pair of W bosons
PDFSubject: CMS

PDFKeywords: CMS, W boson, photon-induced, SM, EFT

Please also verify that the abstract does not use any user dePned symbols
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Cross Section Measurement and SMEFT Constraints from yy — W=W+

Overview and Goal

* First measurement of inclusive and fiducial cross section of yy — W=W+

e Set limits on anomalous quartic gauge couplings (@QGCQC) in terms of
dimension-8 SMEFT operators

. Performed using 138 fb~! at \/E = 13 TeV

22



Cross Section Measurement and SMEFT Constraints from yy — W=W+

Analysis Strategy
» Events selected with eu final state

» |Diboson background VV — 2[2v suppressed by requiring NV, ... = 0

o |Drell-Yan Z/y* — 77 and yy — 77 backgrounds suppressed by requiring
leptons not to be back-to-back (large acoplanarity)

corrected using event weights CMS Simian Preimnay 137

— Yy ->WW

VV = 202y -

—
o
o

—
o

tracks

derived in pu for pileup and hard-
scattering tracks

—
<

Probability density
Probability density

—
<

1072




Cross Section Measurement and SMEFT Constraints from yy — W=W+

Results: Inclusive and Fiducial Cross Section

e Simultaneous binned maximum likelihood fit to

eu - .
p; in SR and CR, defined by 1 < N, 4s <5
. . g O::  1I"'#t$%&%'(") ahf:/<?§*t‘f<*#:<+'($1 g O::  1I"'t$%&%'(") #8/:’.>§*9&:*#8:+'($j
* Free parameters in the fit: @ f : e w0 1| |y PR # T RS 0 S
) oL -+,-.cy§,/.o 512 ( %’ . i =+,-.°/§,/.o 512 (
. ~ S T E e 3. = 4-5$%6067-08; e # 3. 4-5$%067-0&§
» Signal strength /it (POI) 3 e e,
* DY normalization (correlated between SR | B =E #
and CR) #
* Inclusive WW normalization (correlated . e
between SR and CR) S g #0
(?:'-) s (?:'-) -/
. ' o " e 1] N
» Correction to N, in SR (correlated k e rsue) |

between DY and inclusive WW
backgrounds)



Cross Section Measurement and SMEFT Constraints from yy — W=W+

Results: Inclusive and Fiducial Cross Section

rq O:;  I'#3%8%() p=i<o3tr=<r$ ) [ - 9:;  IHSwew() — #Is/;?ﬁfé*(;;es:f(;i
B ™ F4 FDoecimm (- @~ -
+ Inclusive yy — WW production measured | 3 =: " Sssmrog | | X w0 5 Sesmosran
to be 6 = 659752 fb with significance - iy Sy
above 7o
* Cross section in fiducial region (primarily
defined by ey final state) measured tobe |3 5
c=4.1x051b g - 5 RERREE:
! ! "l #1 | **' l $0/:8:l()J !




Cross Section Measurement and SMEFT Constraints from yy — W=W+

esults: SMEFT Interpretation

ew set of limits on dimension-8 EFT operators obtained by likelihood scan over
/' considering di! erent EFT coe" cients
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

~ | CERN-EP-2024-129
NS 2025/01/10

CMS-SMP-24-001

Measurement of inclusive and differential cross sections for
W*W' production in proton-proton collisions at
s= 13.6TeV

The CMS Collaboration*

Abstract

Measurements at s = 13.6 TeV of the opposite-sign W boson pair production cross
section in proton-proton collisions are presented. The data used in this study were
collected with the CMS detector at the CERN LHC in 2022, and correspond to an in-
tegrated luminosity of 34.8fb ' 1. Events are selected by requiring one electron and
one muon of opposite charge. A maximum likelihood bt is performed on signal- and

-enriched data debned by the Bavour and charge of the lep-
tons, the number of jets, and number of jets originating from b quarks. The overall
sensitivity is signibcantly better than that of previous results with a similar integrated
luminosity. The improvement comes from a more rebned control of experimental un-
certainties and an improved bt strategy. An inclusive W * W' production cross sec-
tion of 125.7+ 5.6 pb is measured, in agreement with standard model predictions.
Cross sections are also reported in a bducial region close to that of the detector ac-
ceptance, both inclusively and differentially, as a function of the jet multiplicity in
the event. For the Prst time in proton-proton collisions, WW events with zero, one,
and at least two jets are studied simultaneously and compared with recent theoretical
predictions.
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Published in Physics Letters B dei:10.1016/j.physletb.2024.139231

©2025 CERN for the benebt of the CMS Collaboration. CC-BY-4.0 license

“See Appendix A for the list of collaboration members
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Cross Section Measurement of W=W+

Overview and Goal

o First opposite sign WW cross section measurement at \/E = 13.6 TeV,
measured with L+ = 34.8 fb™!

» Events selected with euvv final state (same-flavor rejected to suppress Drell-
Yan background)
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Cross Section Measurement of W=W+

Analysis Strategy

Binned maximum likelihood B
performed on /V,,, templates in SR

and binned CRs simultaneously +
single bin for WZ and ZZ CRs.
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Cross Section Measurement of W=W+

Results

 |nclusive cross section measured to be

oc=125.7%x5.6 pb

* MINNLO has the best agreement with data in

the N; > 2 region

a(pp/pp = WW) (pb)

CMS
ATLAS
CDF
DO

pp NNLO QCD x NLO EW (MATRIX)
= pp NNLO QCD x NLO EW (MATRIX)
pp NLO (MATRIX)
«= pp NLO (MATRIX)

-
N

Meas. /Pred.
=

_ X 0 ¢
ey — I
: 6 R 1) 12 14
Vs (TeV)
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

" | CERN-EP-2024-203
CAS 2025/04/29

CMS-SMP-24-005

Measurement of the inclusive W{Z production cross section
in pp collisions at = s= 13.6 TeV

The CMS Collaboration*

Abstract

The inclusive WZ production cross section is measured in proton-proton collisions at
a centre-of-mass energy of 13.6 TeV, using data collected during 2022 with the CMS
detector, ing to an ity of 34.7fb " 1. The measurement
uses multileptonic bnal states and a simultaneous likelihood bt to the number of
events in four different lepton Ravour categories: eee, eep, ppe, and ppp. The se-
lection is optimized to minimize the number of background events, and relies on an
efbcient prompt lepton discrimination strategy. The WZ production cross section is
measured in a phase space debned within a 30 GeV window around the Z boson mass,
as! i (pp # WZ) = 55.2+ 1.2 (stat)x 1.2 (syst)x 0.8 (lumi) + 0.3 (theo) pb. In addi-
tion, the cross section is measured in a Pducial phase space closer to the detector-level

i All the it in this paper are in agreement with
standard model predictions.

Published in the Journal of High Energy Physicsias10.1007/JHEP04(2025)115
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©2025 CERN for the benebt of the CMS Collaboration. CC-BY-4.0 license

“See Appendix A for the list of collaboration members
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Cross Section Measurement of WZ

Goal and Overview

. Cross section measurement of WZ — 2ll'v (I = e, p) with Ljt = 34.7 fb~!
at \/E = 13.6 TeV

* Perform binned maximum likelihood fit simultaneously in the SR and CRs
enriched in dominant backgrounds

Region Ny pr{lh(9,0w(ls), (6)} Nossp |m({y(3) —my| pRs  Npgg min(m(£,0) m(ly, 05,0y (03))

(GeV) (GeV) (GeV) (GeV) (GeV)
i 25,15,25 >1 <1 >100 |
77 CR =4 >{25,15,25,15} >1 <15 — — >4 >100
ttZCR =3 >{25,15,25} >1 <15 >35 >0 >4 >100
XyCR =3 >{25,15,25} >1 — <35 = >4 <100
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Cross Section Measurement of W/
Analysis Strategy

* Fit final state flavor distribution in SR and each CR simultaneously

» Normalization of WZ, ZZ, ttZ, Xy processes are unconstrained in the fit
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Cross Section Measurement of W/

Results

 |nclusive cross
section measured
to be

o =155.2=%1.2 (stat) £ 1.2 (syst) £ 0.8 (lumi) = 0.3 (theo) pb

 (Good agreement
with NNLO QCD x
NLO EW

predictions
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Recent Diboson Analyses

This presentation will focus on seven recent CMS diboson analysesfrom Run 2
and early Run 3

Run 2 Analyses Run 3 Analyses

CMS PAPER SMP-24-002

DRAFT
CMS Paper

The content of this note is intended for CMS internal use and distribution only

2025/06/02
Archive Hash: 1858351-D
Archive Date: 2023/06/20

Measurement of the Z! production in proton-proton
collisions at  s= 13.6 TeV and constraints on neutral triple
gauge couplings

The CMS Collaboration

Abstract

A measurement of the Z! production cross section in proton-proton collisions at a
center-of-mass energy of 13.6 TeV using the leptonic Pnal states is presented. A
data set corresponding to an integrated luminosity of 34.8 fb " 1, collected by the
CMS experiment at the LHC in 2022 is used. Events with an oppositely charged
pair of muons or electrons, together with an isolated photon are selected. The
measured Pducial cross section for the combined muon and electron channels is
1.896+ 0.00§th) + 0.054syst) + 0.033stat) pb. Constraints on Neutral Triple Gauge
Couplings generated by dimension-8 operators are determined for the prst time in a
new effective Peld theory framework recently proposed.

This box is only visible in draft mode. Please make sure the values below make sense.

PDFAuthor: Tianyu Mu, Charlot Claude, Jing Peng, Zhe Guan, Andrew Michael Levin,
Qiang Li,Tianyi Yang, Sen Deng, Sitian Qian, Conggiao Li

PDFTitle: Zgamma cross section measurement at 13.6 TeV

PDFSubject CMS

PDFKeywords: CMS, muti-boson, Run3

Please also verify that the abstract does not use any user dePned symbols
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Cross Section Measurement and SMEFT Constraints from 2y
Overview and Goal

« Measurement of Zy fiducial cross section

e Set limits on neutral triple gauge couplings (NnTGC) in terms of dimension-8 SMEFT
operators. First limits in CMS analysis where operators are evaluated in the full

SU(2); X U(1), gauge symmetry (as opposed to the U(1),., . remnant).

. Performed using 34.8 fb~! at \/E = 13.6 TeV

| \\M - ;

Z/v*

|
\\4
N
~—
)
%
2y
N
+
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Cross Section Measurement and SMEFT Constraints from 2y
Analysis Strategy

- Events selected with [T 7y final state ([ = e, p)

* Signal Region defined by

. p% > 25 (20) GeV for leading (subleading) lepton ;p; > 30 GeV
. Iyt W1 <25 (2.4)
e 71 <my <111 GeV
« AR(l, y) > 0.5
» Results obtained by binned maximum likelihood fit to m;.;-,
- Fiducial cross section: m;;, € (70, 500) GeV
* nTGC limits:
. my, € (100, 1500) GeV; p/. > 120 GeV

¥ Each operator coe" cient scanned independently with the others set to zero
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Cross Section Measurement and SMEFT Constraints from Zy

ReSUItS 4 C4OOOCI|V||SIPreIIm/nary 348! 13.6TeV |
R AL " oros vz 221
 Fiducial cross section measured to be = o
o = 1.896 = 0.006 (theo) = 0.054 (syst) = 0.033 (stat) § ey
« High mass tail of M- used to set new 95% confidence level limits on
NTGCs
¥ First CMS results where limits derived in theoretical framework which §|g1.oW{WAW///%/ ey Yy
| R s
preserves the full SU(2), X U(1),, symmetry! ! P——.
8 _ CMSPrel/m/nary 34.8 fb™ 136Te\/j

Limits Expected Observed
Lower Upper Lower Upper
C 37k @ B s A6 B s 06 6 A GR—T 6 OF e 5T )
hZ*  —1.01x107% 1.01x107% —-8.17x1077 8.20x 10"
Ay —4 —4 —4 —4
Y Ullem hZ  —7.01x107%* 6.96x107% —569x 10~% 5.48 x 104
Cor —383x1072 3.79x102 —3.05x10"2 3.06x 10~ _2
Preserves fUII SU(Z)L X U(l)Y 6(;'__ _3.09 3.18 _2.44 2.54 §|§ 1.;0()' 3 I300I 3 I500I 3 I700I 3 I800I 3 I1000I 3 I1200I ) I1500
CBW —1.24 1.26 —0.98 1.00 T » | o | )
RN RERERR LOfsssdsssnssrgssnss s s g ss s s s s 555% /;;;

100 300 500 700 800 1000 1200 1500

39 Mass p p’y [GeV]J

L*Cannot be directly compared to previous limits using U(1)g,,, !




Conclusion

 Many interesting recent diboson results from CMS

* |Inclusive and differential cross section results agree with the Standard Model
across the board

. First observation of double parton scattering in W*=W= production!

 New limits on Dimension-8 operators, including pbrst results using full
electroweak symmetry group from Zy analysis!
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