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Contents
Contents:

- Some of the most recent public results from 
the CMS collaboration, published or submitted 
during 2024, including the first Run-3 
analysis (data taken at 13.6 TeV, starting in 
2022)

EW measurements covers various aspects:
- SM parameters extraction (such as boson 

masses, BRs, EW angle etc.)
- cross-sections of single and multibosons 

production 
- Searches for BSM effects, e.g. through VBS  

processes
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DY Forward-Backward Asymmetry
The Backward-Forward asymmetry is used to extract sin2θEW  due to vector and axial current interference.
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Run2
13 TeV
138 fb-1

EW angle using the dilepton final state from Z decay is extracted with:
1 - unfolded A4(|y|, m) 
2- weighted AFB(|y|, m) (same method used in Run2 data sample)

- Collins-Soper reference frame is used, and the direct extraction 
from angle between the negative lepton and the incoming quark 
cosθsc is employed as a cross-check 

- Four exclusive categories based on subdetectors information: 
ECAL (g), HCAL (h) for electrons

CT18Z PDF set

SMP-22-010
Submitted to Phys.Lett.B

http://arxiv.org/abs/2408.07622
http://arxiv.org/abs/2408.07622
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Run2
13 TeV
138 fb-1

Results using the three different methods for all 
categories and the data-taking periods

Comparison between alternative choices of PDF 
sets w.r.t the CT18Z set

- The most precise measurement at hadron collider 
- Comparable to the most precise measurement from 

LEP and SLD e+e- colliders, which differs by 3.2 s.d. 
- The uncertainty is dominated by PDFs

SMP-22-010
Submitted to Phys.Lett.B

DY Forward-Backward Asymmetry
Run2
13 TeV
138 fb-1
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W Branching Fraction
Test of CKM matrix unitarity 

Extraction through semileptonic decay of t-tbar
- Need to tag jets from charm hadronization (moun-tagging technique)
Tagging charm jets
In around 9% of the cases, a muon is produced in charmed-hadron decays

- isolation of the muon within  R=0.4  jets:    I𝞵> 2.5 GeV
- cuts on the pT

𝞵 fraction of the muon inside the jet to reduce 
contamination from prompt muons:   pT

𝞵/pT
jet < 0.5 

- calibrated on b-jets
- OS w.r.t the lepton from the other W boson
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Standard Model  Parameters
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CKM 
unitarity

SMP-24-009 
Submitted to Phys.Lett.B
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W Branching Fraction
Four categories based on the leptons from a W boson and the tagged 
charm:

- isolated muon, no charm tag
- isolated electron, no charm tag

Run2
13 TeV
138 fb-1

- isolated muon, charm tag
- isolated electron, charm tag
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SMP-24-009 
Submitted to Phys.Lett.B
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W Branching Fraction

The most precise measurement to date of the W boson hadronic decay 
branching fraction ratio.

W Branching Fraction
Run2
13 TeV
138 fb-1

Four categories based on the leptons from a W boson and the tagged 
charm:
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SMP-24-009
 Submitted to Phys.Lett.B
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WZ Production Cross Section 
CMS collaboration has measured the inclusive cross section of WZ production at all the energies reached by the LHC (5,7,8 and 13 TeV). 

- Both inclusive and exclusive WZ cross sections have been measured in leptonic final states (3 isolated light leptons + 1 neutrino)
- requiring exactly three isolated leptons with at least two OSSF leptons to be consistent with Z mass 

LO Feynman diagrams

Run3
13.6 TeV
34.7 fb-1

Run3 Analysis
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SMP-24-005
Submitted to JHEP
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WZ Production Cross Section 
Run3
13.6 TeV
34.7 fb-1

good agreement with SM 
predictions with 
MATRIX, NNLO QCD x NLO EW

Run3 Analysis
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SMP-24-005
Submitted to JHEP

CMS collaboration has measured the inclusive cross section of WZ production at all the energies reached by the LHC (5,7,8 and 13 TeV). 
- Both inclusive and exclusive WZ cross sections have been measured in leptonic final states (3 isolated light leptons + 1 neutrino)
- requiring exactly three isolated leptons with at least two OSSF leptons to be consistent with Z mass 
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W+W- Production Cross Section 
Run3
13.6 TeV
34.8 fb-1
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CMS collaboration has measured the inclusive cross section of OS WW production at different energies reached by LHC (7,8 and 13 TeV). 
- Both the inclusive total WW cross section and the  differential in jet multiplicity have been measured
- requiring two oppositely charged, high-pT, isolated leptons, including those from leptonic tau decays

SR and CRs divided in 
bin of jet multiplicity

Run3 Analysis
SMP-24-001
Accepted by Phys.Lett.B
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W+W- Production Cross Section 
Run3
13.6 TeV
34.8 fb-1
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The cross section is extracted using binned maximum likelihood from observed yields in Nj jet 
multiplicity bins

Run3 Analysis

- The inclusive WW cross section is in 
good agreement with SM predictions 
using MATRIX, NNLO QCD × NLO EW.

- The differential cross section as a 
function of the number of jets is in 
agreement with predictions from 
POWHEG+PYTHIA, MATRIX NNLO QCD 
× NLO EW, and MiNNLO+PYTHIA.

SMP-24-001
Accepted by Phys.Lett.B

CMS collaboration has measured the inclusive cross section of OS WW production at different energies reached by LHC (7,8 and 13 TeV). 
- Both the inclusive total WW cross section and the  differential in jet multiplicity have been measured
- requiring two oppositely charged, high-pT, isolated leptons, including those from leptonic tau decays
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Vector Boson Scattering 
- Vector Boson Scattering is the SM process with the lowest cross section measured 

by the CMS collaboration to date (can be a < 1 fb). 
- Many results in the last few years, since the first observation in 2017 
- It is not only a test of SM predictions but also a way for beyond-SM effects

It is sensitive  to modification of triple and quartic gauge couplings, which are 
included in the lagrangian in EFT theories (Wilson coefficients)

CMS VBS 
measurements

dim-6 dim-8
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ssWW Vector Boson Scattering
Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator
The amplitude changes with the new terms:

- at least two jets with large pseudorapidity separation
- exactly one light lepton and one tau lepton with same-sign  

SR DNN outputs

- signal strength for EW ssWW VBS is found to be 1.44 times w.r.t 
SM with 2.6σ significance

- first VBS analysis with a tau lepton in the final state

EW ssWW VBS QCD ssWW

Run2
13 TeV
138 fb-1
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SMP-22-008
Submitted to JHEP
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ssWW Vector Boson Scattering
Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator
Extraction of dim-6 and dim-8 coefficients from scan likelihood fit 

- one active operator at a time (dim-6 or dim-8) 
putting to zero all the others contributions

- 2D likelihood scan with 2 active dimension six 
operators

- 2D likelihood scan with one dim-6 + one dim-8 
operator 

Run2
13 TeV
138 fb-1
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SMP-22-008
Submitted to JHEP
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ssWW Vector Boson Scattering
Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator
Extraction of dim-6 and dim-8 coefficients from scan likelihood fit 

- one at a time (dim-6 or dim-8) putting to zero all the 
others

- 2D likelihood scan with 2 active dimension six 
operators

- 2D likelihood scan with one dim-6 + one dim-8 
operator 

Run2
13 TeV

Run2
13 TeV
138 fb-1
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SMP-22-008
Submitted to JHEP
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ssWW Vector Boson Scattering
Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator
Extraction of dim-6 and dim-8 coefficients from scan likelihood fit 

- one at a time (dim-6 or dim-8) putting to zero all the 
others

- 2D likelihood scan with 2 active dimension six 
operators

- 2D likelihood scan with one dim-6 + one dim-8 
active operator 

- first limits on dim-6 operators in VBS events
- first study with combined EFT operators with different 

dimensions

Run2
13 TeV

Run2
13 TeV
138 fb-1
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SMP-22-008
Submitted to JHEP
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Observation of 𝜸𝜸→𝜏𝜏
Leptons production via photon-photon fusion (pure QED process)

- clean topology when the protons remain intact (back-to-back lepton and no hadronic 
activity except for hadronically decay tau leptons)

- low Ntracks around the vertex and acoplanarity A cuts as proxy for back-to-back 
leptons, defining the SR

4 type of final states taken into account:
ee, et, tt, tt FIRST OBSERVATION 

in pp collisions
5.3σ

Run2
13 TeV
138 fb-1
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Rep. Prog. Phys. 87 (2024) 107801
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Observation of 𝜸𝜸→𝜏𝜏
Leptons production via photon-photon fusion (pure QED process)

- clean topology when the protons remain intact (back-to-back lepton and no hadronic 
activity except for hadronically decay tau leptons)

- low Ntracks around the vertex and acoplanarity A cuts as proxy for back-to-back 
leptons, defining the SR

4 type of final states taken into account:
ee, et, tt, tt

Rep. Prog. Phys. 87 (2024) 107801

in agreement with GAMMA-UPC 
generator

Run2
13 TeV
138 fb-1
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Observation of 𝜸𝜸→𝜏𝜏
NOT ONLY OBSERVATION
BSM effects taken into account to account for the effect on the anomalous magnetic moment

- Larger values of a𝛕 results in more events for large values of mVIS  (blue line)
-

Binned maximum likelihood scan to extract a𝛕 and d𝛕 from mVIS 
distributions 

Constraints on Wilson coefficients

Run2
13 TeV
138 fb-1
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Rep. Prog. Phys. 
87 (2024) 107801
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Observation of 𝜸𝜸→𝜏𝜏
NOT ONLY OBSERVATION
BSM effects taken into account to account for the effect on the anomalous magnetic moment

- Larger values of a𝛕 results in more events for large values of mVIS  (blue line)

Binned maximum likelihood scan to extract a𝛕 and d𝛕 from mVIS 
distributions

Constraints on Wilson coefficients

Both in agreement with SM prediction
Most stringent limit on magnetic moment of 𝛕 lepton

Run2
13 TeV
138 fb-1
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Rep. Prog. Phys. 87 
(2024) 107801
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Summary

21

Not a complete review, many other analysis published or submitted during the last 
year (see the CMS SM Physics public results web page)

CMS has different goals in the Electroweak Physics research
- Precision Measurement:  recent results on SM parameters are comparable to, or exceed, the 

precision achieved at LEP
- Testing of the EW sector at high energy: multibosons final states are used to search for BSM 

effects and new observations

New results will be available soon from data collected at 13.6 TeV during Run-3
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THANKS FOR YOUR ATTENTION!

XXXI Cracow EPIPHANY Conference
13-17 January 2025
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BACKUP
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Impact of the PDF on the forward-backward asymmetry:
PDFs affects the asymmetry due to two effects:

- up-type and down-type quarks have different neutral current couplings: we 
must know the contributions of each type of quark to the cross section

- AFB(|y|, m) is based on the rapidity definition of the dilepton system (direction 
of the negative lepton) that is Lorentz-boosted in the quark direction: diluted if 
the antiquark has a larger momentum w.r.t the quark

from the Run2 8 TeV analysis

definition of weighted AFB(|y|, m)

PDFs and F-B asymmetry

https://www.arxiv.org/pdf/1806.00863
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A4(|y|,m) unfolding
SMP-22-010
Submitted to Phys.Lett.B

http://arxiv.org/abs/2408.07622
http://arxiv.org/abs/2408.07622


ssWW DNNs
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DNN list of input featuresThree discriminators: SM ssWW, dim-6 VBS and dim-8 VBS
A signature of VBS-like process is the large jets separation, features 
that are proxies of this topology are introduced in the DNNs

- Zeppenfeld variable: how much central are the leptons w.r.t 
VBS jets:

- Alignment of the leptons along the jet axis:



ssWW DNNs
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Three discriminators: SM ssWW, dim-6 VBS and dim-8 VBS
A signature of VBS-like process is the large jets separation, features 
that are proxies of this topology are introduced in the DNNs.

- Energy distributions of WW pair:

DNN list of input features
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𝜸𝜸→𝜏𝜏: tracks multiplicity
Treatment of tracks multiplicity coming from PU or UE/hard scattering: we’re 
looking at low tracks for SR (0 or 1 tracks)
Using muons to extract informations:

- PU correction: check the DY data and MC far from the muon dilepton 
vertex from the Z decay:

- Hard Scattering: compare DY data/MC near the muon dilepton vertex and 
extract corrections for values of acoplanarity A in the regions A<0.015 and 
A>0.015, separately

PU
HS

PU

PU



public SMP 2024 CMS analysis (published or submitted)
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