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EW Input Schemes

Defined by the choice of measured quantities used to replace the gauge couplings and 
Higgs vev 

1.1

● MW, MZ defined on-shell
● α defined from 2-pt functions in 5 flavour QEDxQCD - Log[mf] terms resummed in definition
● GF defined from muon decay



EW Input Schemes

In practice perform field rotations to get the bare Lagrangian in terms of 

1.2

● MW, MZ defined on-shell
● α defined from 2-pt functions in 5 flavour QEDxQCD - Log[mf] terms resummed in definition
● GF defined from muon decay
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Does the scheme make a difference ?

2.1

● To explore this we calculated heavy boson decays to NLO in the three schemes.

● All Wilson coefficients with no flavour assumptions (~50  operators) ! 

● A number of these results are new and analytic files are available in the 
electronic submission on the arXiv along with the analytic files needed to 
convert between schemes [arXiv:2305.03763] .

https://arxiv.org/abs/2305.03763
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Does the scheme make a difference ?

● Different numerical inputs – differences well beyond parametric uncertainties
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Does the scheme make a difference ?

● Different numerical inputs – differences well beyond parametric uncertainties
● Scheme Independent Wilson Coefficients
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Does the scheme make a difference ?

● Different numerical inputs – differences well beyond parametric uncertainties
● Scheme Independent Wilson Coefficients
● Scheme Dependent Wilson Coefficients 
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● 4% difference between ɑ and ɑ𝜇 
schemes in the SM

● LEP is not as consistent in the SM 
(depends on MW structure) but 
equally predictable
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Does the scheme make a difference ?

The number show the percentage 
correction to the LO result to reach NLO

● 4% difference between ɑ and ɑ𝜇 
schemes in the SM

● LEP is not as consistent in the SM 
(depends on MW structure) but 
equally predictable

● Scheme independence can still 
occur

● Patterns emerge

● Significant differences in some 
corrections

● Some being very large - up to 70% 
(Z Decay)
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What is the Goal ?
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What is the Goal ?

Can we understand the SM and SMEFT corrections ?
● Patterns
● Common Structure 

Are we able to do anything with this knowledge?
● Resummation of geometric series
● Universal corrections from top loops

3.1



Understanding the scheme differences - SM
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Study the structure of CT

Scheme Independent Scheme Dependent 

Understanding the scheme differences - SM
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Study the structure of CT

CT are not physical

Understanding the scheme differences - SM
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Understanding the scheme differences - SM

Study the structure of CT

CT are not physical

Physical (finite and tadpole free) – Can write CT in a more intuitive form

Use Large Top mass limit as these are the dominant corrections
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Physical (finite and tadpole free) – Can write CT in a more intuitive form

Use Large Top mass limit as these are the dominant corrections

Study the structure of CT

CT are not physical

● Scheme dependence manifest in terms of 
physical 𝛥r

● Origin of consistent difference of 4% 
between ɑ and ɑ𝜇 schemes

● Scheme independent part (4,1) without a 𝝈
contains the divergences 

Understanding the scheme differences - SM
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● Universal correction       can be resummed in 
the α scheme - Phys. Lett. B 227 (1989) 167.

●  

● Theory predictions for observables 
become more compatible

Understanding the scheme differences - SM

4.5

https://www.sciencedirect.com/science/article/pii/0370269389913014?via%3Dihub
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Generalisation to SMEFT
● Make contact with a process

○ Choose W decay as it replicates the SM resummation

○              are the Large top mass corrections to W decay
○ They are finite and tadpole free
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Generalisation to SMEFT

Finite scheme dependent corrections 5.2

● Make contact with a process

○ Choose W decay as it replicates the SM resummation

○              are the Large top mass corrections to W decay
○ They are finite and tadpole free



An Example - Higgs Decay

Generalisation to SMEFT
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An Example - Higgs Decay

Generalisation to SMEFT
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✔

❓

Generalisation to SMEFT
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Universal Corrections in SMEFT
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Universal Corrections in SMEFT

6.1

Write LO amplitude in terms of vT, sw and MW

Make the following replacements to get a LOK 
approximation: 

= Large mt corrections to W decay. 



Universal Corrections in SMEFT

6.2

Write LO amplitude in terms of vT, sw and MW

Make the following replacements to get a LOK 
approximation: 

= Large mt corrections to W decay. 



Universal Corrections in SMEFT

6.3

71.1                 27.2

● LOK includes the largest scheme 
dependent correction.

○ Remaining corrections are 
mostly numerically smaller

○ Predictions in the three schemes 
are in better alignment

● Similar pattern seen for the either two 
processes. 

Results shown for Z decay
● Show percentage correction 

needed to go from LO/LOK 
to NLO result

α

71.1                   27.2

LEP

α𝜇

LO
LOK

A
bs

ol
ut

e 
P

er
ce

nt
ag

e 
C

or
re

ct
io

n 



Conclusion



Conclusion

● We have conducted a systematic study of 3 commonly used EW input 
schemes.

● Proposed a method for obtaining dominant scheme dependent 
corrections from LO result

● No strong arguments in favour of any one scheme after these universal 
corrections are included

○ Motivates fits in different schemes as a consistency check on 
uncertainties
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Backup Slide - LEP scheme Universal correction 
To obtain the LOK prediction in the LEP scheme we first get the LOK prediction in the ɑ𝜇 scheme 
and then replace MM with its SMEFT expansion in the LEP



Backup Slide - W decay LOK



Backup Slide - H decay LOK


