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Why are we here?

• Standard Model Effective Field Theory (SMEFT) is an important 
method to deal with the small deviation from SM 
• Help finding New Physics Beyond Standard Model
• Constraining the parameters of the new model

• Electroweak measurement (especially with on-shell Z and W boson 
production) is among the most accurately measured observables 
• EFT Analysis on Electroweak Data has been performed many times, 

What’s new about our study?
• We introduce the top coupling through loops
• A more complete Electroweak dataset is used

2



SMEFT

• SMEFT can describe new particles’ contribution by introducing new 
degrees of freedom (higher-dimensional operators constructed out of 
only SM fields) 

ℒ!"" = ℒ#$ +
1
Λ
ℒ%& +

1
Λ'
ℒ%( +⋯

• Λ is the energy scale of new interaction (set as 1TeV in our study)

• SM Lagrangian are dimension 4. Assuming lepton number 
conservation, dimension 6 operators has the NLO contribution to the 
observables 
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Our EFT Lagrangian

• We can impose 𝑈 2 !⊗𝑈 2 "⊗𝑈 2 #⊗𝑈 3 $⊗𝑈 3 %on Warsaw basis 
and set the mass of leptons and first two generation quarks as 0 

• Totally, there are 39 dimension-6 operators (𝑂&)
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Where 𝑐& is called Wilson coefficients
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EFT Operators

• How EFT operators contribute to the electroweak process? 
e.g.𝑂)* = 𝑂+*,, = (𝑞,𝜎-.𝑢, 𝜑𝑊-./ :

1. Tree-level contribution

2. Loop-level contribution
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EFT Operators
• 𝑂)* on Γ*→)12
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Γ!" LO dim6 contribution High-order contribution

The contribution from 
different operators can 
be combined linearly 



Process
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LEP	Experiment:

1. 𝑒! 𝑒" → 𝑓 ̅𝑓

2. 𝑒! 𝑒" → 𝑊!𝑊"

Low	Energy:

1. neutrino	scattering

2. electron-deuteron	
scattering



W pair production

• Main feynman diagram:

• On-shell or Off-shell?
• In experiment, W can not be probed directly → it could be off-shell. 
• W- angular distribution is one of the observables → W should be the 

final state, need to be on-shell. 
• If we simulate 𝑒! 𝑒" → 𝑊!𝑊" → 4f with W off-shell, which are 

subset diagrams of process 𝑒! 𝑒" → 4𝑓,  it will lead to the break of 
gauge invariance.
• As a result, we will simulate 𝑒! 𝑒" → 𝑊!𝑊" → 𝑙 𝑣 𝑞 )𝑞 with W on-

shell!
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CC03 diagram



W pair production: W- angular distribution

• Angular Distribution: d𝜎**/d𝑐𝑜𝑠𝜃*!,where 𝜃*! is the polar angle 
between W- and beam. (divided into 10 bins)
• Decay Channel:𝑒6 𝑒7 → 𝑊7𝑊6 → 𝑙 𝑣 𝑞 (𝑞 (𝑙 = 𝑒, 𝜇) BR~30% 
• Angular cut:the angle between the lepton and beam >20 degree
• Due to the large background in the small angle region at LEP, an angular cut is 

applied. Additionally, it greatly reduce the difference between 4𝑓 process and 
CC03 diagrams.
• In the experiment, the overall cut efficiency is around 92%, which 

corresponds to our SM simulation.
• The cut efficiency in every bin is different.
• The cut efficiency in every dim6 operators’ contribution is different.
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W- angular distribution: Angular cut

• cut efficiency of some New Physics operators’ contribution: 
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𝛘𝟐Fit

• Introduce 𝜒# to measure the goodness of fitting

𝜒# = �⃗� − 𝐴�⃗�
$
𝑉"%(�⃗� − 𝐴�⃗�)

�⃗� is the difference between the experimental value and SM prediction of 

observables,  𝐴!" is the i-th operator’s contribution to j-th observable 

, V is the covariance matrix of observables 

• Set ∇𝜒# = 0, we can get the Least Square estimator 𝜃 and its covariance 
matrix 𝑈:

7⃗𝜃 = 𝐴$𝑉"%𝐴 "%𝐴$𝑉"%�⃗� = 𝐵�⃗�
𝑈 = 𝐵𝑉𝐵$ = 𝐴$𝑉"%𝐴 "%
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𝛘𝟐Fit: Result

• Marginalized Bound (1𝜎):
• Floating all the operator together

• Altogether, there are 436 observables and 34 

operators with non-zero contribution

• At the best fit point, 𝜒) = 430.212

• At the zero point (which stands for no new 

physics), 𝜒) − 𝜒'&J) = 54.7962, that means it 
can be included within 2.47𝜎 region. 
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𝛘𝟐Fit: Result

• Individual Bound (1𝜎):

• Floating one operator at one time

• Most of the operators contain the zero point 
within the 1𝜎 region
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𝛘𝟐Fit: Result
• Two operators fit (cHQP & cpWB):
• They are proportional to the Peskin–

Takeuchi parameters (T & S), which 
are important in electroweak fit.
• Fitting Result (1𝜎):

S:0.0698+-0.1333
T:0.0941+-0.1153

• Compared with PDG result, we share 
a similar shape, they have better 
constraint due to the Higgs data.
• Compared with other similar study 

with Electroweak Data, we have a bit 
tighter result due to more complete 
data(ee>ll differential xsec) 
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PDG result



Thank you!
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