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1 Introduction

This proceeding summarizes the talk presented at the Lepton-Photon 2025 conference on Dibo-
son production in CMS, which covered a set of seven new diboson analysis results from the CMS
experiment [1], four using Run 2 data and three using early Run 3 data. From a theoretical
perspective, diboson analyses are incredibly important as electroweak vector bosons couple to
all other Standard Model (SM) particles other than gluons, and they gain their mass and longi-
tudinal polarization state directly through the electroweak symmetry breaking mechanism. This
means that diboson processes are particularly sensitive to beyond the standard model (BSM)
physics, in particular through anomalous trilinear and quartic gauge couplings. Experimentally,
leptonic decays of diboson processes lead to a very clean experimental signature (high S/v/B),
with low uncertainties in trigger, reconstruction and identification. Furthermore, diboson pro-
cesses are often dominant backgrounds in other important analysis, such as Higgs to four-lepton,
further emphasizing the importance of precisely measuring their inclusive and differential cross-
sections. The Run 2 analyses presented will be covered in Section 2, and the Run 3 analyses in
Section 3, followed by a quick conclusion.

2 Run 2 Analyses

2.1 Wy

The measurement of electroweak production of a W boson, a photon (y) and two jets was
presented, following Ref. [2]. The measurement was performed in proton-proton collisions at
/s = 13 TeV using the full Run 2 dataset, corresponding to an integrated luminosity of 138 fb=1.
The event selection requires one identified electron or muon, a large missing transverse momen-
tum, and two jets with large invariant dijet mass (Fig. 1, left) with a large dijet pseuodorapidity
difference. The inclusive (electroweak) W+y;jj production is measured to be 113+13 (23+4.9) fb.
New limits are placed on anomalous quartic gauge couplings (aQGCs) in terms of dimension-8
effective field theory operators, setting the most stringent limits to-date on fas 25/ A* (Figure
1, right) and fr6_7/ A%, All results are in agreement with the standard model expectations.

2.2 WEWw=*

Same-sign WW production from double parton scattering (DBS) processes was observed for the
first time in Ref. [3]. DBS processes provide information on proton substructure and parton
correlations [4], and grow strongly with /s and therefore can become important backgrounds
in other interesting standard model and BSM analyses. The same-sign WW channel was chosen
due to the suppression of single parton scattering (SPS) in W*W¥ production as well as its
clean final state which is largely insensitive to pileup effects. The analyses is performed at /s =



13 TeV using the full Run 2 dataset corresponding to 138 fb~! with same-sign electron-muon
and dimuon events in proton-proton collisions. Two boosted decision trees (BDTs) are used
to separate the DBS signal from the dominant WZ background (Figure 2, left) and the non-
prompt background (Figure 2, middle), and a maximum likelihood fit is performed on the 2D
distribution composed of unrolling each BDT score distribution(Figure 2, right). The inclusive
DBS cross section is measured to be a]gVBiSWi = 80.7 & 11.2(stat) T2 (syst) & 12.1(model) fb~?,

and the fiducial cross section to be J]%ism(/;d) = 6.28 £ 0.81 (stat) + 0.69 (syst) & 0.37 (model).
The signal obsversation significance above the background-only hypothesis is observed to be 6.2

g.

23 77

Inclusive and differential cross section measurements in pp — (Z/v*)(Z/7*) + jets — 202I' +
jets (1, ' = e or p) from [5] were presented. The analysis is performed at a center-of-mass
energy of 13 TeV using 138 fb™! collected with the CMS detector at the LHC. Differential
cross sections are compared with theoretical predictions from several Monte-Carlo generators
including MadGraph5_aMCNLO, Powheg, and MiNNLOpg. Generally very good agreement is
found between data and prediction, though certain areas of phase-space show disprenancies.
The MiNNLOpg prediction improves the agreement in the 1-jet and high-jet multiplicity regions
(Figure 3, left) and differential EW corrections are shown to improve the agreement in the
four-lepton invariant mass my; distribution (Figure 3, right).

24 yy—->WW

Ref. [6] presents the first inclusive and fiducial cross section measurements of vy — WHWT,
performed using 138 fb~! at 13 TeV. Events are selected in the ey final state, with diboson
background suppression performed by requiring Nypqcks = 0 and the Z/v* — 77 and vy — 77
backgrounds suppressed by requiring that the leptons have a large acoplanarity (they are not
back-to-back). A maximum likelihood fit is performed simultaneously on the p;" distribution
in the signal region (Figure 4, left) and a control region defined by 1 < Nyqers < 5 (Figure 4,
middle). The inclusive (fiducial) cross section is measured to be o = 659752 (o0 = 4.1 4 0.5 fb).
In addition, a new set of limits on dimension-8 EFT operators are obtained (Figure 4, right) by
performing likelihood scans over p7t* considering different EFT coefficients.

3 Run 3 Analyses
3.1 WEWT

Inclusive and differential opposite-sign W boson pair production cross section measurements are
performed using 34.8 fb~1 of data collected with the CMS detector at 13.6 TeV, [7]. Events are
selected in the ey final state and binned maximum likelihood fits are performed simultaneously
on the Nj; distribution (Figure 5, left) in signal and background-enriched categories defined by
the lepton charge and flavor, the number of jets, and the number of b-tagged jets. The inclusive
cross section is measured to be o = 125.7 &+ 5.6 pb, agreeing with standard model expectations.
The data agreement of the jet multiplicity distribution is verified against a number of Monte-
Carlo generators (Figure 5, right), showing in particular that MiNNLO has the best agreement
with data in the Njers > 2 region.

3.2 WZ

The inclusive cross section of WZ production is measured in proton-proton collisions at /s =
13.6 TeV, using data collected during 2022 with the CMS detector, corresponding to Ly, =
34.7 fb~! [8]. A simultaneous maximum likelihood fit is performed on the number of events
in the four different lepton flavor categories: eee, eeu, eup, ppp (Figure 6, left), in the signal
region and control regions enriched in ZZ, ttZ and X~ events. The inclusive cross section is



Figure 1. Figures from W analysis [2]. Left: unrolled distribution of dijet mass and lepton-
photon mass. Right: Maximum likelihood scan of Ry, = *.

measured to be =55:2 1:2 (stat) 1:2 (syst) 0:8 (lumi) 0:3 (theo) pb, in good agreement
with NNLO QCD x NLO EW standard model predictions (Figure 6, right).

33 Z

The Z production cross section is measured at a center-of-mass energy of 13.6 TeV using
data collected in 2022 with the CMS detector, corresponding to an integrated luminosity of
34.8 fb! [9].1. Events are selected with opposite sign same avor lepton pair (electrons or
muons), together with an isolated photon. The ducial cross section in the combined nal state
is measured to be =1:896 0:006 (theo) 0:054 (syst) 0:033 (stat). The high mass tail of

the my distribution (Figure 7) is used to set new 95% con dence level limits on neutral triple
gauge couplings (nTGCs) in terms of dimension-8 SMEFT operators. This is the rst CMS
result where the operators are evaluated in the full SU(2) U(1) | gauge symmetry group (as
opposed to the U(1),, remanent), using the model proposed in Ref. [10].

4 Conclusion

The CMS experiment has recently performed many important diboson analyses using both Run
2 and early Run 3 data, and the most signi cant results from a subset of these analyses have been
summarized here. In all analyses we see agreement with the Standard Model in both inclusive
and di erential cross section measurements, with some (small) discrepancies in underpopulated
areas of phase space (egf 3 in the ZZ to four-lepton analysis). For the rst time, double
parton scattering (DBS) is observed in the same-sign WW channel with a signi cance of 6.2
standard deviations. Many new limits on Dimension-8 operators are obtained, including the
rst results using the full SU(2) . U(1) y electroweak symmetry group from the Run 3 Z
analysis.

References

[1] The CMS Collaboration. \The CMS Experiment at the CERN LHC". In: JINST 3 (2008),
S08004. doi: 10.1088/1748-0221/3/08/S08004.

[2] The CMS Collaboration. \Measurement of tBe electroweak production of W in association
with two jets in proton-proton collisions at = s = 13 TeV". In: Phys. Rev. D 108.3 (2023),
p. 032017. doi: 10.1103/PhysRevD.108.032017. arXiv: 2212.12592 [hep-eX].

1This analysis is unpublished at the time of writing (in the nal reading stage) and the preliminary results
presented were approved by the CMS Standard Model group.



Figure 2: Figures from W W DBS analysis [3]. Left: WZ vs. DBS BDT distribution. Middle:
Non-prompt vs. DBS BDT distribution. Right: Postt (unrolled) BDT distribution per nal
state.

Figure 3. Figures from ZZ analysis [5]. Left: unfolded NJets distribution. Right: unfolded
four-lepton mass distribution.

Figure 4. Figures from ! WW analysis [6]. Left: p $ distribution in the SR. Middle: p$ in
the CR. Right: aQGC limits with this analysis's results in red.



