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Weak-mixing angle in the SM
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The precise determination of           is a test of the entire EWSMsin θW

sin θW at hadron colliders

  

The Drell-Yan process is 
sensitive to the weak mixing 
angle via the Z-fermion coupling 
to left and right handed fermions 

Observables like the Forward-Backward 
asymmetry defined in the Collins-Soper 
frame maximize the dependence on 
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σ (cosθCS>0)+σ (cosθCS<0)
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f AFB           measured from        via TEMPLATE FITS 

Template fit method

  

Measurement Theory input Result

Theory uncertainties in 
Monte Carlo tools (e.g. 
parametric uncertainties, 
truncation of perturbative 
expansion, modeling of non-
perturbative effects, …) 
become part of the total error 
on the measurement 

Precise theory predictions AND a robust assessment of theory 
uncertainties are essential for the high-precision determination of the 
weak mixing angle

CMS Collaboration, Phys. Lett. B 866 (2025) 139526

Target precision at (HL-)LHC

  

The accuracy target for                at the end of (HL-)LHC is ~0.00015

In order to be sensitive 
to such small effects, 
the precision of the 
Monte Carlo predictions 
for the asymmetry at the 
Z peak must be under 
control at the level of 
~ 0.0001

sin2θW ,eff
f

The Monte Carlo templates used for the fitting procedure must 
include electroweak effects beyond the leading order in 
perturbation theory

Template fit beyond LO: the (Gµ, sin2 θf
W, eff , MZ) scheme

In the EWSM there are three independent parameters besides the Yukawas 
and the Higgs mass from which all the other parameters can be computed.

The typical choices in Monte Carlo generators for LHC physics use the W 
and Z masses and some variant of α at the weak scale.

As far as the MC templates are generated at LO, the input parameter choice 
is immaterial as simple LO relations allow to change input variables. 

Beyond LO, relations among parameters are affected by radiative 
corrections that introduce further theory uncertainties (parametric 
dependence on SM parameters, truncation of the perturbative expansion).

Moreover, using templates depending on variables other than              would 
only be an indirect determination of the weak mixing angle
 

A new input parameter/renormalization scheme that uses consistently            

sinθW ,eff
f

  

In the                          input/renormalization scheme:(Gμ , sin2θW ,eff
f , M Z)
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Smaller EW corrections

Fit almost independent of radiative 
corrections and higher-orders

Negligible uncertainties from top 
mass

Weak radiative corrections and theory uncertainties on AF B
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For a given order in perturbation theory, 
calculations performed in different input 
parameter /  renormalization schemes 
share the same formal accuracy, yet the 
results differ numerically because of the 
truncation of the perturbative expansion. 

We interpret the difference between 
predictions in different schemes as a 
conservative estimate of the uncertainty 
from missing higher-order corrections.

At the Z peak, focusing on schemes with 
variants of α defined at the weak scale, 
the spread in the predictions for the 
asymmetry is ~ 0.0001-0.0002

  

It may be excessively conservative 
to estimate weak theory 
uncertainties by considering all 
schemes equivalent. 

Certain schemes yield larger 
parametric uncertainties, 

whereas others feature significant 
radiative corrections, pointing to 
larger uncertainties from missing 
higher-orders
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An alternative strategy is to 
perform tuned comparisons where 
input parameters across schemes 
are treated as dependent. 
Specifically, one takes a reference 
scheme (such as              ) to 
calculate       and               at the 
required precision, and 
subsequently uses these results 
as inputs for the schemes defined 
by       and     

After tuning, the spread in the 
predictions for the asymmetry 
becomes of order 0.00005 
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Weak-mixing angle at high energies
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related to the 
strength of the 
Z-fermion 
interaction at 
the Z peak 

Energy dependent weak mixing angle defined in the MS scheme. 
Experimental data points at different scales allow for testing the 
running predicted by the Standard Model, which depends on the 
theory's entire particle content

sin2θW ,MS (μ
2)

PDG’23

points shifted for readability

Electroweak corrections to Drell-Yan in the scheme                    
computed in [3] and used to generate Monte Carlo templates to 
explore the possibility of measuring the running of the weak-mixing 
angle at high energy at (HL-)LHC

(αMS (μ
2), sin2θW ,MS (μ

2),M Z)

  

Invariant mass bin boundaries: 116, 150, 200, 300, 500, 1500, 5000 GeV
Dilepton rapitity bin boundaries: 0.0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.5 
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