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• Analysis of boson properties can provide 
precise measurements of fundamental SM 
parameters 

• Diboson measurements can probe the EWK 
sector of the SM at TeV scale 

• Background for Higgs analysis and for 
New Physics (mono-photon searches) 

• Indirect search for New Physics through 
anomalous gauge boson couplings

Powerful tests of the Standard Model
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Outlook

• Polarization 

• Tau polarization in Z decays Published on JHEP 

• Diboson 

• ZZ+jets Submitted to JHEP 

• γγ→ττ Submitted to ROPP 

• Z(→νν)γ CMS-PAS-SMP-22-009 

• WW@13.6 TeV CMS-PAS-SMP-24-001

In preparation to 
be submitted

VBS VV results discussed in a dedicated talk

Today!

https://link.springer.com/article/10.1007/JHEP01(2024)101
https://arxiv.org/pdf/2404.02711
https://arxiv.org/abs/2406.03975
https://cds.cern.ch/record/2895314?ln=en
https://cds.cern.ch/record/2892658?ln=en
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Tau polarization in Z →ττ decays
• pp collisions@13 TeV, 2016 data (35.9 fb-1) 
• Measurement of the average τ polarization 
• Convert polarization into sin2θeffW

• For spin-1 intermediate resonances, θ is not sensitive 
enough  → 3 more angles α, β and γ  

• 1D fit to a unique optimal variable ω(θ, α, β, γ)

• Modified SVFIT for τ decay reconstruction 
• BDT MVA algorithm applied in addition to the HPS algorithm

2τ combination

• Helicity information extracted from angular kinematics of tau 
decay products 

4 decay channels   
11 categories

Discriminator choice 
based on likelihood scans

Published on JHEP

https://link.springer.com/article/10.1007/JHEP01(2024)101
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Tau polarization in Z →ττ decays

• Possible PDF effects are negligible 
• Signal reweighted to test different PDF sets 

(nominal PDF set is NNPDF30_lo_as_0130)

• Extraction of polarization with template fits: 

• Templates for right- and left-handed τ 2 P.O.I.

• Stability of extracted polarisation wrt eta 

⟨Pτ⟩75−120 GeV = −0.140 ± 0.006(stat) ± 0.014(syst) 

First Pτ 
measurement 

in CMS

Published on JHEP

https://link.springer.com/article/10.1007/JHEP01(2024)101
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Tau polarization in Z →ττ decays
• Correct ⟨Pτ⟩ to the polarization value at the Z pole → Pτ(Z)=−Aτ

Extracting sin2θeffW as Pτ(Z)=−Aτ = −2(1−4 sin2θeffW)

• Most precise measurement of Aτ at the LHC  
• Precision comparable to the SLD experiment

sin2θefW = 0.2319 ± 0.0008(stat) ± 0.0018(syst) 
               = 0.2319 ± 0.0019

In agreement with SM

Published on JHEP

https://link.springer.com/article/10.1007/JHEP01(2024)101
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ZZ+jets production

• Four isolated leptons from PV + contribution 
from FSR photon with ΔR(l,γ) < 0.5 

• 2 on-shell Z candidates built from OS, same 
flavor leptons 

• 40 < mZ1 < 120 GeV, 4 < mZ2 < 120 GeV 

• pTjets > 30 GeV and ∆R(jet,l/γ) > 0.4

Very low background 

• Z and WZ production + jets estimated using control 
regions (1/2%) 

• ttZ and VVV from simulation (1–1.5%)

•qq → ZZ: MadGraph5 aMC@NLO+POWHEG 2.0+NNLO K-factor 
•gg → ZZ: LO with MCFM+QCD NLO K-factor 
•EWK ZZ + 2 jets: MadGraph at LO 
•HZZ: POWHEG at NLO

• pp collisions@13 TeV and Full Run2 statistics (138 fb-1) 
• Differential xsec

 mZ1< 60, mZ2 < 120 GeV full 4l mass range
Inclusive Inclusive

QCD NLOLO

Submitted to JHEP

https://arxiv.org/pdf/2404.02711
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Best 
prediction

8

• Data unfolded using the iterative D’Agostini’s method

Discrepancy 
at high mass 

mitigated 
with EW 

corrections
All 

predictions 
describe 

well data at 
low mass

Submitted to JHEPZZ+jets production

https://arxiv.org/pdf/2404.02711
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ττ photon-induced production

Exclusive/Elastic Single-dissociative (SD) Double-dissociative (DD) 

•pp collisions@13 TeV and Full Run2 statistics (138 fb-1) 
•First observation of ττ photon-induced production 
•Limits on the τ anomalous electromagnetic momenta

• SD and DD 
contributions 
estimated from        
μμ CR in data  

• Inclusive bkg 
estimated in  
sideband region                          
(3 < Ntracks < 7 GeV) 

• Elastic γγ→μμ/WW 
estimated from 
GAMMA-UPC          
and rescaled            
to match data Ntracks corrections (using μμ CR): 

• PU tracks: compare Ntracks distributions in 0.1 cm z-windows far from μμ vertex 
• HS tracks: compare Ntracks around μμ vertex after subtracting PU tracks 

• 4 Final States: eμ, eτh, μτh, τhτh 
• 50 < mvisττ < 500 GeV 
• Exclusivity cuts 

• Back-to-back production → acoplanarity A = 1−|ΔΦ|/π < 0.015 
• Low activity around ττ vertex, Ntracks = 0,1 (75% signal efficiency)
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Submitted to ROPP

https://arxiv.org/abs/2406.03975


Giulia Sorrentino LHCP2024

500

1000

1500

2000

Ev
en

ts Observed ττ →* γZ/ µµ ee/→* γZ/
Excl. bkg. tVV + t Jet mis-ID

ττ → γγ Uncertainty

 (13 TeV)1−138 fbCMS

0 1 2 3 4 5 6 7 8 9
tracksN

0

50

100
 B

kg
.

−
Ev

en
ts

 
Bkg. unc. ττ→γγ  bkg.−Obs. 

10

• mvis and Ntracks distributions after ML fit, assuming SM τ momenta

ττ photon-induced production

5.3 σ observed (6.5 σ expected)  
First γγ→ττ observation in pp runs
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Compatible with predictions: 
σexp = 16.5 ± 1.5 fb (GAMMA-UPC)

Fiducial region

Submitted to ROPP

https://arxiv.org/abs/2406.03975
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ττ photon-induced production
• aτ and dτ parameterized within SMEFT framework

• SM aτ=0.00117721(5)

• DELPHI:     aτ=-0.018±0.017

• This result: 

aτ=-0.0009+0.0032/-0.0031

>5X better than LEP
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γττ → Z →ee 

γττ → Z →ee 

 from p)γ (ττ → γγ

PRL 131 (2023) 151803

PRL 131 (2023) 151802

EPJC 35 (2004) 159

PLB 434 (1998) 169
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This result
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Submitted to ROPP

https://arxiv.org/abs/2406.03975
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Z(→νν)γ production

• True photons bkg:  
• γ+jets, VV (from MC), W(→Iν)γ (from CR in data) 

• Fake photons bkg:   
• e→γ, jet→γ (data-driven) 
• Particles interacting with ECAL barrel’s APDs (data-driven) 
• Beam Halo in ECAL endcaps (data-driven)

• pp collisions@13 TeV, Full Run2 statistics (138 fb-1) 
•Fiducial and differential xsec measurement 
•Limits on aNTGCs h3Z,γ and h4Z,γ

SM

BSM

High-pT 
sensitivity to 

aNTGCs

• Exactly 1 high-pT (>225 GeV) photon + MET 
• BDT algorithm to identify high-pT photons             

(92% efficiency)

• New BH tagger built 
using energy deposits 

• Forward (1.6 < |η| < 2.5) 
photons included in 
the analysis for the 
first time

CMS-PAS-SMP-22-009

https://cds.cern.ch/record/2895314?ln=en
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Z(→νν)γ production

• Likelihood-based unfolding technique 

Exactly 1 photon passing 
•pT > 225 GeV 
•|η| < 1.4442 (EB) or                              

1.566<|η|<2.5 (EE) 
MET requirements  
•ETmiss > 200 GeV 
•pTγ /ETmiss < 1.4 
•Δφ (γ, ETmiss) > 2

Fiducial region

CMS-PAS-SMP-22-009

In agreement with SM

Fiducial xsec (fb)

https://cds.cern.ch/record/2895314?ln=en
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• Effective vertex approach 
• Limits on h1V and h2V are comparable 

to those on h3V and h4V 

Z(→νν)γ production

ATLAS@8TeV

These results

CMS-PAS-SMP-22-009

https://cds.cern.ch/record/2895314?ln=en
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WW production at 13.6 TeV
• pp collisions@13.6 TeV, 2022 data (34.8 fb-1) 
• Inclusive and normalized xsec measurement

• Events selected with one electron and one muon   
(OS) and categorized into WW SR + 6 CRs 

• xsec extracted from simultaneous ML fits over 
SR+CRs  

• 1st fit with one POI (inclusive xsec)

Compatible with predictions: 
σexp = 125.8 ± 3.7 pb (QCD NNLO and EW NLO from MATRIX)

σobs = 125.7 ± 2.3(stat) ± 4.8(syst) ± 1.8(lumi) pb   

CMS-PAS-SMP-24-001

https://cds.cern.ch/record/2892658?ln=en
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WW production at 13.6 TeV
• 2nd fit with 4 POIs: inclusive fiducial xsec + normalized cross sections (0, 1, ≥ 2 jets)

Best 
prediction

Fiducial region

CMS-PAS-SMP-24-001

https://cds.cern.ch/record/2892658?ln=en
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Summary

• CMS has a strong and comprehensive program of SM measurements   

• Cross section measurements in good agreement with theoretical predictions 

• More stringent constraints on aNTGCs have been provided, exploiting novel 
approaches and larger datasets 

• First observation of γγ→ττ in pp collisions  

• Produced several of the most precise results at the LHC 

•  Aτ presented here, but there are many more  

• Limits on anomalous magnetic moment of the τ lepton 5 times better than at LEP



Additional slides
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Tau polarization in Z →ττ decays
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ττ photon-induced production
• aτ and dτ parameterized 

within SMEFT framework

aτ = aSMτ + δaτ 

dτ = dSMτ + δdτ

• Recast results to make exclusion plots of Wilson coefficients

3− 2− 1− 0 1 2 3

]2− [TeV2Λ/Bτ
ImC

8−

6−

4−

2−

0

2

4

6

8

]2−
 [T

eV
2

Λ/
WτIm C

Standard model
Expected 95% CL
Observed 95% CL

CMS  (13 TeV)1−138 fb

3− 2− 1− 0 1 2 3

]2− [TeV2Λ/Bτ
ReC

8−

6−

4−

2−

0

2

4

6

8

]2−
 [T

eV
2

Λ/
WτR
e

C

Standard model
Expected 95% CL
Observed 95% CL

CMS  (13 TeV)1−138 fb



Giulia Sorrentino LHCP202421

ττ photon-induced production
• aτ and dτ parameterized within SMEFT framework

• SM dτ~10-17

• Belle (CL 95%):                        

-1.85 < dτ < 0.61 × 10-17

• This result (CL 68%):                 

-1.7 < dτ < 1.7 × 10-17

Same order as Belle
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Z(→νν)γ production

BH muon

EE


