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Run 3 has exceeded Run 2 in a lot of aspects: 

• Integrated luminosity (>160 fb-1)

• Data quality: stable physics performance

• Push trigger beyond limits: Parking (3.5 KHz) and Scouting (20 KHz) programs

Run2 Run3

Yesterday we were here!

63 collisions/event 
(x2.5 CMS design)

~1 fb-1 per day

Run1
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2

Sergio Blanco (IFCA) – Multiboson 2024
September 2024

Available on the CERN CDS information server CMS PAS HIG-23-014

CMS Physics Analysis Summary

Contact: cms-pag-conveners-higgs@cern.ch 2024/07/18

Measurements of inclusive and differential Higgs boson
production cross sections at 13.6 TeV in the H ! gg decay

channel

The CMS Collaboration

Abstract

Inclusive and differential cross sections for Higgs boson production in proton-proton
collisions are measured at a centre-of-mass energy of 13.6 TeV. The dataset was col-
lected with the CMS detector at the LHC in 2022 and corresponds to an integrated
luminosity of 34.7 fb�1. Events in the diphoton decay channel of the Higgs bo-
son are selected and the inclusive cross section in a fiducial volume is measured as
sfid = 78 ± 11(stat.)+6

�5(syst.) fb in agreement with the standard model prediction of
67.8 ± 3.8 fb. Differential cross sections are measured for the Higgs boson transverse
momentum, rapidity and for the number of jets in the event. The differential cross
sections also agree with the standard model predictions within the uncertainties.

c� 2024 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

Available on the CERN CDS information server CMS PAS HIG-24-013

CMS Physics Analysis Summary

Contact: cms-pag-conveners-higgs@cern.ch 2024/07/19

Measurements of Higgs boson production cross sections in
the four-lepton final state at 13.6 TeV

The CMS Collaboration

Abstract

The first measurements of Higgs boson production cross-sections performed by the
CMS Collaboration in the four-lepton final state at the increased center-of-mass en-
ergy of

p
s = 13.6 TeV are presented. This analysis relies on the data collected with

the CMS detector at the CERN LHC in 2022, corresponding to an integrated luminos-
ity of 34.7 fb�1. Cross sections are measured in a fiducial region close to that of the
detector acceptance, both inclusively and differentially, as a function of the transverse
momentum and the rapidity of the four-lepton system. The H ! ZZ ! 4` inclusive
fiducial cross section is measured to be 2.94+0.53

�0.49(stat.)+0.29
�0.22(syst.) fb. The results are

compared with the SM predictions and all results are found to be consistent with the
SM expectations within uncertainties in the considered phase space.

c� 2024 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

Available on the CERN CDS information server CMS PAS SMP-24-005

CMS Physics Analysis Summary

Contact: cms-pag-conveners-smp@cern.ch 2024/07/19

Measurement of the inclusive WZ production cross section
in pp collisions at

p
s = 13.6 TeV with the CMS experiment

The CMS Collaboration

Abstract

The inclusive WZ cross section is measured in proton-proton collisions at a centre-of-
mass energy of 13.6 TeV, using 34.7 fb�1 of data collected during 2022 with the CMS
detector. The measurement is performed in multileptonic final states by performing
a simultaneous likelihood fit to the number of events in four different lepton flavour
categories: eee, eeµ, µµe, µµµ. The selection is optimized to minimize the number of
background events thanks to the usage of an efficient prompt lepton discrimination
strategy. The WZ production cross section is measured in a phase space, defined
around a 30 GeV window around the Z mass, as stotal(pp ! WZ) = 55.2± 1.2 (stat)±
1.2 (syst) ± 0.8 (lumi) ± 0.1 (theo) pb. In addition, the cross section is also measured
in a fiducial phase space, closer to the detector level requirements, as sfiducial(pp !
WZ) = 297.6 ± 6.4 (stat) ± 6.4 (syst) ± 4.2 (lumi) ± 0.5 (theo) pb.

c� 2024 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

Available on the CERN CDS information server CMS PAS SMP-24-001

CMS Physics Analysis Summary

Contact: cms-pag-conveners-smp@cern.ch 2024/03/22

Measurement of W+W� inclusive and differential cross
sections in pp collisions at

p
s = 13.6 TeV with the CMS

detector

The CMS Collaboration

Abstract

First measurements of the opposite-sign W boson pair production cross section in
proton-proton collisions at

p
s = 13.6 TeV are presented. The data used in this study

were collected with the CMS detector at the CERN LHC in 2022, and correspond to
an integrated luminosity of 34.8 fb�1. Events are selected by requiring one electron
and one muon of opposite charges. A maximum likelihood fit is performed in event
categories defined by the flavour and charge of the leptons, the number of jets, and
number of jets identified as originating from b quarks. An inclusive W+W� produc-
tion cross section of 125.7 ± 5.6 pb is measured, in agreement with standard model
predictions. Cross sections are also reported in a fiducial region close to that of the
detector acceptance, both inclusively and differentially as a function of the jet multi-
plicity in the event.

c� 2024 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

• Many measurements have already been performed with Run 3 data (Top, EWK, EXO, …)

• Today, we focus on 4 multiboson analyses

𝐩𝐩 → 𝐖!𝐖" 𝐩𝐩 → 𝐖±𝐙 𝐩𝐩 → 𝐇 → 𝛄𝛄 𝐩𝐩 → 𝐇 → 𝐙𝐙

CMS-SMP-24-001 CMS-SMP-24-005 CMS-HIG-23-014 CMS-HIG-24-013

https://arxiv.org/pdf/2406.05101
https://cds.cern.ch/record/2905015/files/SMP-24-005-pas.pdf
https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
https://cds.cern.ch/record/2904969/files/HIG-24-013-pas.pdf


Measurements
WW CMS-SMP-24-001

https://arxiv.org/pdf/2406.05101
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• First Run 3 di-boson measurement with the CMS detector

• It demonstrates the capacity of CMS to release analysis with complex topologies: Muons, electrons, jets, 
b-jets, MET

• Some updates wrt 2016 measurement and comparable luminosity but overall better sensitivity

• Inclusive and fiducial results using 2022 data: 34.7 fb-1

• Targets the different flavour leptonic decay channel

𝐩𝐩 → 𝐖!𝐖" → 𝐞±𝝁∓𝝂𝒆𝝂𝝁
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Several updates with respect to the 2016 analysis

• More control regions introduced in the fit: Top 
(2 regions), DY, Same-sign, WZ, and ZZ

• Object optimization → lower uncertainties

Data-driven estimation of the non-prompt lepton 
contamination
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Several updates with respect to the 2016 analysis

• More control regions introduced in the fit: Top 
(2 regions), DY, Same-sign, WZ, and ZZ

• Object optimization → lower uncertainties

Data-driven estimation of the non-prompt lepton 
contamination
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Several updates with respect to the 2016 analysis

• More control regions introduced in the fit: Top 
(2 regions), DY, Same-sign, WZ, and ZZ

• Object optimization → lower uncertainties

Data-driven estimation of the non-prompt lepton 
contamination
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Good agreement is found in all the jet bins

Results provided as a function of the number of jets: 0, 1, or 
≥2

Data compared with different MC generators, MiNNLO
provided the best agreement
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Results are also provided as a function of the 
centre-of-mass energy

Inclusive result

25% lower uncertainty wrt 2016

No particularly dominant uncertainty

𝝈𝑰𝒏𝒄𝑾𝑾 = 𝟏𝟐𝟓. 𝟕 ± 𝟓. 𝟔 pb



Measurements
WZ CMS-SMP-24-005

https://cds.cern.ch/record/2905015/files/SMP-24-005-pas.pdf
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• Measurement of the WZ production in the leptonic final state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• Data from 2022 period is used: 34.7 fb-1

• Inclusive and fiducial results are reported
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• Measurement of the WZ production in the leptonic final 
state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• An MVA approach is performed to improve the lepton 
identification 

• Three control regions are used to estimate the 
background contributions from data

o 𝒁𝒁
o 𝒕�̅�𝒁
o 𝑽𝜸
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• Measurement of the WZ production in the leptonic final 
state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• An MVA approach is performed to improve the lepton 
identification 

• Three control regions are used to estimate the 
background contributions from data

o 𝒁𝒁
o 𝒕�̅�𝒁
o 𝑽𝜸
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• Measurement of the WZ production in the leptonic final 
state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• An MVA approach is performed to improve the lepton 
identification 

• Three control regions are used to estimate the 
background contributions from data

o 𝒁𝒁
o 𝒕�̅�𝒁
o 𝑽𝜸
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• Measurement of the WZ production in the leptonic final 
state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• The agreement is found to be excellent in all the flavour 
categories

• Different generators are checked: Powheg, MATRIX

40 50 60 70 80 90
 WZ) (pb)→ (pp totalσ

CMS
 (13.6 TeV)-134.7 fb

  NLO EWK×NNLO QCD 
NLO QCD total  stat

 (theo)± (lumi) ± (syst) ± (stat) ± WZ) → (pp totalσ

      eee  0.2 pb± 0.8 ± 3.3 ± 3.0 ±53.4 

µ      ee  0.2 pb± 0.8 ± 2.3 ± 2.6 ±54.8 

eµµ      0.1 pb± 0.7 ± 1.4 ± 2.1 ±52.9 

µµµ      0.1 pb± 0.8 ± 1.1 ± 1.9 ±55.9 

   Inclusive  0.1 pb± 0.8 ± 1.2 ± 1.2 ±55.2 

   

MATRIX   JHEP 2002 (2020) 087
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• Measurement of the WZ production in the 
leptonic final state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• Fit performed in both flavour exclusive and 
inclusive regions

• Breakdown of systematic uncertainties per 
flavour

• Dominated by statistical uncertainty 

• The picture may change with future datasets: 
2023, 2024, 2025,…
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• Measurement of the WZ production in the leptonic final state: 𝝁𝝁𝝁, 𝝁𝝁𝒆, 𝝁𝒆𝒆, and 𝒆𝒆𝒆

• Similarly to the WW analysis, results are compared with previous CMS measurements

𝝈𝑰𝒏𝒄𝑾𝒁 = 𝟓𝟓. 𝟐 ± 𝟏. 𝟐 𝒔𝒕𝒂𝒕 ± 𝟏. 𝟐 𝒔𝒚𝒔𝒕 ± 𝟎. 𝟖 𝒍𝒖𝒎𝒊 ± 𝟎. 𝟏 𝒕𝒉𝒆𝒐 pb



Measurements
HGG CMS-HIG-23-014

https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
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• Measurement of inclusive and differential production cross sections

• Clean final state topology, even with a low branching ratio. The invariant mass can be precisely 
reconstructed 

• Overall similar strategy than Full Run 2 result

• Again, data from 2022 is used: 34.7 fb-1

Fiducial phase space

𝑝!
"!𝑝!

"" /𝑚"" > 1/3

𝑝!
""/𝑚"" > 1/4

𝐼 < 10 GeV

𝜂 < 2.5
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• Photon resolution improved with a BDT

• Photon identification improved with a BDT →
reduce the non-prompt photon contamination

• The bad modelling of some photon reconstruction 
variables in MC is corrected using normalizing 
flows. 

• Data-driven estimation of the background 
shape and normalization

• Categorization of the signal regions based on the 
di-photon resolution

∞+jet
EB photons
p∞

T > 25 GeV

∞+jet
EE photons
p∞

T > 25 GeV
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• Photon resolution improved with a BDT

• Photon identification improved with a BDT →
reduce the non-prompt photon contamination

• The bad modelling of some photon reconstruction 
variables in MC is corrected using normalizing 
flows. 

• Data-driven estimation of the background 
shape and normalization

• Categorization of the signal regions based on the 
di-photon resolution
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Results in agreement with the SM expectation 

𝝈𝒇𝒊𝒅 = 𝟕𝟖 ± 𝟏𝟏 𝒔𝒕𝒂𝒕 "𝟓
!𝟔 𝒔𝒚𝒔𝒕 = 𝟕𝟖"𝟏𝟐!𝟏𝟑 fb 
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Differential results provided as a function of 𝒑𝑻𝑯, 𝒚𝑯 , 𝐍𝐣𝐞𝐭𝐬

Results dominated by the statistical uncertainties

Within the systematics, the photon scale and resolution 
dominates

The results are compared with different MC generators

Room for improvement with more Run 3 data
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Differential results provided as a function of 𝒑𝑻𝑯, 𝒚𝑯 , 𝐍𝐣𝐞𝐭𝐬

Results dominated by the statistical uncertainties

Within the systematics, the photon scale and resolution 
dominates

The results are compared with different MC generators

Room for improvement with more Run 3 data
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Differential results provided as a function of 𝒑𝑻𝑯, 𝒚𝑯 , 𝐍𝐣𝐞𝐭𝐬

Results dominated by the statistical uncertainties

Within the systematics, the photon scale and resolution 
dominates

The results are compared with different MC generators

Room for improvement with more Run 3 data



Measurements
HZZ CMS-HIG-24-013

https://cds.cern.ch/record/2904969/files/HIG-24-013-pas.pdf
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• Measurement of inclusive fiducial cross section

• Clean final state topology. The invariant mass can be precisely reconstructed

• Irreducible background from qqZZ process  

• Overall similar strategy than Full Run 2 result

• Again, data from 2022 is used: 34.7 fb-1
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• Measurement of inclusive fiducial cross section

• Dedicated BDT for electron identification

• Results in agreement with the SM

Fit range
105 < 𝑚56 < 160 GeV
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• Results given as a function of the lepton flavor

• Among the systematics, the 4 muon channel is the most precise one

• And as a function of the center-of-mass energy
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• Differential cross section measurements are provided as a function of 𝒑𝑻𝑯, 𝒚𝑯

• Results statistically dominated, more precise results may come with larger datasets



Summary

• The Run 3 data-taking period is in good shape, today we have >160 fb-1

• The interest is slowly switching to Run 3 analysis, so we expect more results to come out 
soon

• Today, 4 nice Multiboson results have been shown

• Stay tuned for more experimental measurements!
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W!W" Measurement (2016 / 2022)
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Signal/control region yields



W!W" Measurement (2016 / 2022)
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Fiducial cross section per N-jets
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Signal region yields
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Run 3

Run 2
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Run 2 Run 3
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• The photon BDT regresses the parameters of 
the double-sided crystal ball function with the 
optimal energy resolution

• It improves the resolution to up to 1% in the 
barrel and 2.4% in the end-caps

• The CMS water leak during the 2022 data-
taking period (solved issue) reduced the signal 
efficiency by 1.5%

• The mass resolution estimator is decorrelated 
to the invariant mass of the di-photon system 
using a quantile morphing algorithm 
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The resulting bin ;!
<

categories are [0, 0.01), [0.01, 0.014) and [0.014, ∞). 
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