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• Electroweak precision observables 

𝛼𝑒𝑚, 𝑚𝑊, 𝑚𝑍, 𝐺𝐹 , sin
2 𝜃𝑊 , 𝑚𝐻  

• Why one would want to measure 
something precisely?  

The possible NP is certainly a very small 
effect and is  hiding in higher orders 

EWK precision measurements 

• Weak mixing angle in 𝑍 → 𝜏𝜏 
• Z boson invisible width 
• 𝑊 → 𝜏𝜈 decay branching fraction 

 

Focus in this talk 
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τ-lepton polarization in Z-boson decays  

𝑃𝜏 =
𝜎 𝜏𝑅

− − 𝜎 𝜏𝐿
−

𝜎𝑡𝑜𝑡𝑎𝑙
 

 
   

 

• Z boson couplings are different for left and right-
handed fermions. 

 
• Tau lepton is a brilliant  tool → one can measure 

its spin in the detector. 
 

• The τ-lepton polarization asymmetry: 

• At Z-pole proportional to 𝜏 weak couplings 
 

• The 𝜏 helicity state determined from 
the angular distributions of decay 
products (wrt to 𝜏 and/or wrt to each 
other) 

 

CMS-PAS-SMP-18-010 
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τ-lepton polarization in Z-boson decays  

CMS-PAS-SMP-18-010 

• A sensitive observable for 
each tau decay 
 

• If several observables -> 
combine into one-
dimensional 
 

• Reconstruct the 
polarimetric vector where 
possible (maximum 
sensitivity)  
 

• Helicity states of both taus 
are 100% anti-correlated 

https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665
https://cds.cern.ch/record/2848665


τ-lepton polarization in Z-boson decays  

5 

CMS-PAS-SMP-18-010 • Cover all possible 𝜏 decays 
• When more than one spin-sensitive observable → combined into one (accounting 

for τ-leptons spin correlation) 

• Measured polarization asymmetry is an 
average over the Z line shape.  
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CMS-PAS-SMP-18-010 

τ-lepton polarization in Z-boson decays  

• Average polarization corrected to the Z 
pole can be compared to LEP 

• CMS precision (2016 data) is comparable 
to SLD measurement. 

At Z-pole is directly related to the weak mixing 
angle:  

Complementary to the weak mixing angle measured in 𝑍 → 𝜇𝜇 and 𝑍 → 𝑒𝑒.   
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Z boson invisible width 

7 

 
• Constraint on the number of neutrino types 
• Look for very energetic jet accompanied by a large missing transverse momentum 
• Z boson is transversely boosted  
• Simultaneous fit in signal and Z/𝛾∗ → 𝜇𝜇 𝑒𝑒  + jets categories 
 

arXiv:2206.07110 
Accepted by PLB 

https://arxiv.org/pdf/2206.07110.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-014/index.html
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Z boson invisible width 
arXiv:2206.07110 
Accepted by PLB 

Muon and electron ID 
efficiency 

The width is determined as: 

• The single most precise direct 
measurement! 
 

• Competitive to combined LEP value and 
compatible with expected in SM. 

https://arxiv.org/pdf/2206.07110.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-014/index.html
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𝑊 → 𝜏𝜈 decay branching fraction 

Phys. Rev. D 105, 072008 

by Nathaniel Odell 

• Test of Lepton Universality  

• The LEP combination indicated 2.6 
deviation from W decay to electron and 
muon. 

Advantage of LHC is  huge W production rate 
• 𝑡𝑡   as a main source, clean signature (jet 

multiplicity, b-tagging) 
• Also consider other W sources: 

𝑡𝑊,𝑊𝑊,𝑊 + 𝑗𝑒𝑡𝑠 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072008
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𝑊 → 𝜏𝜈 decay branching fraction 

Phys. Rev. D 105, 072008 

• Categorize events by jets and b-tag 
multiplicities 

• Exploit pT to discriminate prompt leptons 
from W and leptons mediated by 𝜏 lepton  

• 𝑙𝑙   - subleading lepton pT 
• 𝑙𝜏   - hadronic 𝜏 pT   
• 𝑙ℎ   - lepton pT 
 

Fit to 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072008
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𝑊 → 𝜏𝜈 decay branching fraction 

Phys. Rev. D 105, 072008 

• The result is consistent with LFU hypothesis … 
 

• Extract Vcs and 𝛼𝑠(𝑚
2
𝑊)    

• Precision exceeds the one achieved by LEP, but  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.072008
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Summary 

• In many areas CMS approaching or already exceeding the 
LEP precision 
 

• Increasing accuracy is not easy, but every step forward 
becomes intriguing! 
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