
Electroweak input schemes in Standard 
Model effective field theory

Anke Biekötter - JGU Mainz

Particle physics seminar @ Universität Wien - 12 December 2023



Anke Biekötter - JGU Mainz

Beyond the Standard Model Wishlist
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Dear Santa, could you please send us… 

… a dark matter candidate 
… an explanation for the flavor hierarchy 
… an explanation for the matter-antimatter asymmetry of the universe 
… a solution to the strong CP problem (preferably an axion)

[adapted from Gavin Salam]
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The Landscape of (new) physics
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New physics has to be…

… very heavy

… (light and) very weakly 
interacting with the SM

Leptoquarks
Supersymmetry

Z’ bosons
SMEFT

Mass

Co
up

lin
g

Known SMEFT

SM + X Hopeless
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Outline
• A brief introduction to effective field theory
• Electroweak input parameters and their influence 

on one-loop calculations in the SMEFT
• Size of NLO corrections
• Number of operators appearing at NLO

Based on 2305.03763 with 
Benjamin Pecjak, Darren Scott and Tommy Smith
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Effective field theory - EFT
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Hierarchy of scales 

EFTELHC
<latexit sha1_base64="n+9kU9Z0LypO6iair3KBl274s/Y=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxCD14qGA/oAlls922SzebsDsRS+jf8OJBEa/+GW/+G7dtDtr6YODx3gwz84JYcI2O823l1tY3Nrfy24Wd3b39g+LhUUtHiaKsSSMRqU5ANBNcsiZyFKwTK0bCQLB2MK7N/PYjU5pH8gEnMfNDMpR8wClBI3m3PQ/ZE6Z39dq0Vyw5ZWcOe5W4GSlBhkav+OX1I5qETCIVROuu68Top0Qhp4JNC16iWUzomAxZ11BJQqb9dH7z1D4zSt8eRMqURHuu/p5ISaj1JAxMZ0hwpJe9mfif101wcO2nXMYJMkkXiwaJsDGyZwHYfa4YRTExhFDFza02HRFFKJqYCiYEd/nlVdKqlN2LcuX+slS9yeLIwwmcwjm4cAVVqEMDmkAhhmd4hTcrsV6sd+tj0Zqzsplj+APr8wfRrJGK</latexit>

ENP
<latexit sha1_base64="4RJRiE11QJX2AY7YIOcc92aPxnk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FETxJBfsB26Vk02wbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewsrq2vlHcLG1t7+zulfcPWkalmrImVULpTkgME1yyJnAQrJNoRuJQsHY4up767UemDVfyAcYJC2IykDzilICV/JteF9gTZHeNSa9ccavuDHiZeDmpoByNXvmr21c0jZkEKogxvucmEGREA6eCTUrd1LCE0BEZMN9SSWJmgmx28gSfWKWPI6VtScAz9fdERmJjxnFoO2MCQ7PoTcX/PD+F6DLIuExSYJLOF0WpwKDw9H/c55pREGNLCNXc3orpkGhCwaZUsiF4iy8vk1at6p1Va/fnlfpVHkcRHaFjdIo8dIHq6BY1UBNRpNAzekVvDjgvzrvzMW8tOPnMIfoD5/MHUkWRRw==</latexit>

⇤
<latexit sha1_base64="+7Vn0mJYfaZ//RcqBhLwm7cUdf0=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtR0DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6RVq3oX1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8M849h</latexit>
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<latexit sha1_base64="5lq1+fsO25cWGJ2oz6+3ZBdFBKY="></latexit>
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<latexit sha1_base64="zqUBvh41rMvxhf0dyPZ5UhUvcPI="></latexit>

Describe NP by higher-order 
interactions of SM fields

Heavy particles that we 
cannot resolve live here 
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EFTs from the bottom-up
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SM 
symmetries

SM 
fields

Higgs 
doublet

[review: Brivio, Trott (1706.08945)] 

<latexit sha1_base64="y+ui8zoJl2i82ucmSxekTewTacA="></latexit>
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59 operators (MFV)

Odd dimensions violate lepton or baryon number 

• Minimal assumptions 
on UV completion

• Universal language for 
data interpretation 

https://arxiv.org/abs/1706.08945
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Warsaw basis 
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Plus another 24 four-fermion 
operators

[Grzadkowski et al. (1008.4884)]

https://arxiv.org/abs/1008.4884
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Confronting the SMEFT with data
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 [Almeida et al. 
(2108.04828)]
[Dawson et al. 
(2007.01296)]
[Brivio et al. 

(2208.08454)]
 [Ethier et al. (2105.00006)]
 [Ellis et al. (2012.02779)]

 [Anisha et al. 
(2111.05876)]

Higgs

EW
Top

di-Higgs

BR(H)ggF

VH WBF

VBS

EWPO

diboson

4-top

tt(+jets)

FCNC

ttH t+H/V

single top

tt + V

Adapted from Ken Mimasu

 [Ethier et al. (2101.03180)]
 [Bellan et al. (2108.03199)]

[Brod et al. (Gambit) (2203.03736)]

EDMs

[Aebischer et al. 
(2102.08954)]

[de Blas et al. (2204.04204)]

 [Greljo et al. 
(2104.02723), 
(2303.06159)]

DY/top +
PDFs

https://arxiv.org/abs/2108.04828
https://arxiv.org/abs/2007.01296
https://arxiv.org/abs/2105.00006
https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2111.05876
https://arxiv.org/abs/2108.03199
https://arxiv.org/abs/2101.03180
https://arxiv.org/abs/2102.08954
https://arxiv.org/abs/2203.03736
https://arxiv.org/abs/2204.04204
https://arxiv.org/abs/2104.02723
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Combining LHC and non-LHC observables
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Confronting the SMEFT with data
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 [Almeida et al. 
(2108.04828)]
[Dawson et al. 
(2007.01296)]
[Brivio et al. 

(2208.08454)]

 [Ethier et al. 
(2105.00006)]

 [Ellis et al. 
(2012.02779)]

 [Anisha et al. 
(2111.05876)]

Higgs

EW
Top

di-Higgs

BR(H)ggF

VH WBF

VBS

EWPO

diboson

4-top

tt(+jets)

FCNC

ttH t+H/V

single top

tt + V

Adapted from Ken Mimasu

 [Ethier et al. 
(2101.03180)]
 [Bellan et al. 
(2108.03199)]

[de Blas et al. 
(2204.04204)]Drell-Yan
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PVES = parity violation electron scattering
APV = atomic parity violation

Combining LHC and non-LHC observables
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Flavor
B/Kaon decays

B mixing

Dijets

Adapted from Ken Mimasu
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Confronting the SMEFT with data

26

Higgs

EW
Top

di-Higgs

BR(H)ggF

VH WBF

VBS

EWPO

diboson

4-top

tt(+jets)

FCNC

ttH t+H/V

single top

tt + V

Adapted from Ken Mimasu

Drell-Yan

PVES
Low energy

APV

Lepton scattering

 [AB et al. 
(2311.04963)]

Constraining a 
theory motivated 

operator set

[Bruggisser et al. 
(2212.02532), 
(2101.07273)]

[Grunwald et al. 
(2304.12837)]

https://arxiv.org/abs/2311.04963
https://arxiv.org/abs/2212.02532
https://arxiv.org/abs/2101.07273
https://arxiv.org/abs/2304.12837
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Global fits
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[Bartocci, AB, Hurth (2311.04963)] 
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https://arxiv.org/abs/2311.04963
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What do EFTs tell us about new physics?
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UV model

SMEFT

Scalar Vector-like lepton
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What do EFTs tell us about new physics?
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UV model

SMEFT

Scalar Vector-like lepton

Subset of operators 
induced
Correlations

<latexit sha1_base64="f1IM/SVwkr0cuDZCzLfvHKxXiBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI/BXDxGMDGQLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNKdCBvKmaQtyyynnURTLCJOH6JxY+Y/PFFtmJL3dpLQUOChZDEj2Dqp3ehnnE/75Ypf9edAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yza+dojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsdTRgmhLLJ45gopm7FZER1phYF1DJhRAsv7xK2hfV4LJau6tV6jd5HEU4gVM4hwCuoA630IQWEHiEZ3iFN095L96797FoLXj5zDH8gff5A6ZTjzE=</latexit>

Cll

<latexit sha1_base64="kziN8tLFkJFEIED8PJNWsHdHn9c=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxChVISLeqy2E2XFewF2hgm00k7dDIJMxOhhLyCG1/FjQtF3Lpz59s4bYOX1h8Gfr5zDmfO70WMSmVZn8bS8srq2npuI7+5tb2za+7tt2QYC0yaOGSh6HhIEkY5aSqqGOlEgqDAY6TtjWqTevuOCElDfqPGEXECNODUpxgpjVyzWHOTOktvk+LZSVqCvRL8BvYPIPXUNQtW2ZoKLho7MwWQqeGaH71+iOOAcIUZkrJrW5FyEiQUxYyk+V4sSYTwCA1IV1uOAiKdZHpRCo816UM/FPpxBaf090SCAinHgac7A6SGcr42gf/VurHyL52E8ihWhOPZIj9mUIVwEg/sU0GwYmNtEBZU/xXiIRIIKx1iXodgz5+8aFqnZfu8XLmuFKpXWRw5cAiOQBHY4AJUQR00QBNgcA8ewTN4MR6MJ+PVeJu1LhnZzAH4I+P9CzgFmsE=</latexit>

C(3)
Hl

, C(1)
Hl

, CeH
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What do EFTs tell us about new physics?

11

UV model

SMEFT

Scalar Vector-like lepton

Subset of operators 
induced
Correlations

<latexit sha1_base64="f1IM/SVwkr0cuDZCzLfvHKxXiBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI/BXDxGMDGQLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNKdCBvKmaQtyyynnURTLCJOH6JxY+Y/PFFtmJL3dpLQUOChZDEj2Dqp3ehnnE/75Ypf9edAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2Yza+dojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsdTRgmhLLJ45gopm7FZER1phYF1DJhRAsv7xK2hfV4LJau6tV6jd5HEU4gVM4hwCuoA630IQWEHiEZ3iFN095L96797FoLXj5zDH8gff5A6ZTjzE=</latexit>

Cll

<latexit sha1_base64="kziN8tLFkJFEIED8PJNWsHdHn9c=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxChVISLeqy2E2XFewF2hgm00k7dDIJMxOhhLyCG1/FjQtF3Lpz59s4bYOX1h8Gfr5zDmfO70WMSmVZn8bS8srq2npuI7+5tb2za+7tt2QYC0yaOGSh6HhIEkY5aSqqGOlEgqDAY6TtjWqTevuOCElDfqPGEXECNODUpxgpjVyzWHOTOktvk+LZSVqCvRL8BvYPIPXUNQtW2ZoKLho7MwWQqeGaH71+iOOAcIUZkrJrW5FyEiQUxYyk+V4sSYTwCA1IV1uOAiKdZHpRCo816UM/FPpxBaf090SCAinHgac7A6SGcr42gf/VurHyL52E8ihWhOPZIj9mUIVwEg/sU0GwYmNtEBZU/xXiIRIIKx1iXodgz5+8aFqnZfu8XLmuFKpXWRw5cAiOQBHY4AJUQR00QBNgcA8ewTN4MR6MJ+PVeJu1LhnZzAH4I+P9CzgFmsE=</latexit>

C(3)
Hl

, C(1)
Hl

, CeH

MatchmakerEFT [Carmona et al. (2112.10787)]

CoDEx [Bakshi, Chakrabortty, Patra (1808.04403)]

Matchete [Fuentes-Martín et al. (2212.04510)]

https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/1808.04403
https://arxiv.org/abs/2212.04510
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Precision in SMEFT 
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<latexit sha1_base64="32BDnY0MF/m6OPo5lgFzAD5p6Z4="></latexit>

A = ASM + ai
C(6)

i

⇤2
+ bjk

C(6)
j C(6)

k

⇤4
+ cl

C(8)
l

⇤4
+

1

16⇡2

"
dm

C(6)
m

⇤2
+ en

C(6)
n

⇤2
log

✓
µ2

⇤2

◆#
+ · · ·

Dim6^2 effects
Dim8 effects

SMEFT@NLO

 [Trott (2106.13794)]

New sensitivities + new degeneracies

Dim8 effects
[Ellis, Mimasu, Zampedri  (2304.06663)]
[Corbett, Desai, Eboli, Gonzalez-Garcia, Martines, Reimitz (2304.03305)]
[Degrande, Li (2303.10493)]
[Dawson, Fontes, Houiller, Sullivan (2205.01561)]

geoSMEFT
[Corbett, Martin (2306.00053)]
[Martin, Trott (2305.05879)]

SMEFT truncation, Dim6^2
[Heinrich, Lang (2212.00711)]
[Asteriadis, Dawson, Fontes (2212.03258)]

RG running (beyond one loop)
[Aoude, Maltoni, Mattelaer, Severi, Vryonidou  (2212.05067)]
[Bern, Parra-Martinez, Sawyer (2005.12917)]
[Cao, Herzog, Melia, Roosmale Nepveu (2303.07391)]
[Jenkins, Manohar, Naterop, Pagès (2310.19883)]

https://arxiv.org/abs/2106.13794
https://arxiv.org/abs/2306.00053
https://arxiv.org/abs/2305.05879
https://arxiv.org/abs/2304.06663
https://arxiv.org/abs/2304.03305
https://arxiv.org/abs/2303.10493
https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/2212.00711
https://arxiv.org/abs/2212.03258
https://arxiv.org/abs/2212.05067
https://arxiv.org/abs/2005.12917
https://arxiv.org/abs/2303.07391
https://arxiv.org/abs/2310.19883
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N(N)LO QCD effects
• In MC generators 

•  [Alioli, (Cirigliano), Dekens, (de Vries, Girard), Merghetti (1703.04751), (1804.07407)]

•  [Heinrich, (Jang), (Jones), (Kerner), Scyboz (2006.16877), (2204.13045)]

•  [Baglio, Dawson, (Homiller), (Lewis) (1812.00214), (1909.11576)], […]

• NLO QCD automated [Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang (2008.11743)]

•  [Rossia, Thomas, Vryonidou (2306.09963)]

• […]

• NNLO QCD SMEFT results 

•  (6 ops) [Haisch, Scott, Wesemann, Zanderighi, Zanoli (2204.00663)], (17 ops)

[Gauld, Haisch, Schnell (2311.06107)]

•  (1 op) [Kidonakis, Tonero (2309.16758)]

<latexit sha1_base64="q+Q4oQDlDoB0ickARZjHodKhs80=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b457BVLbtmdgawSb0FKsEC9V/zq9mOWRlwhk9SYjucm6GdUo2CSTwrd1PCEshEd8I6likbc+Nns0gk5s0qfhLG2pZDM1N8TGY2MGUeB7YwoDs2yNxX/8zophld+JlSSIldsvihMJcGYTN8mfaE5Qzm2hDIt7K2EDammDG04BRuCt/zyKmlelL1quXJXKdVunuZx5OEETuEcPLiEGtxCHRrAIIRneIU3Z+S8OO/Ox7w15ywiPIY/cD5/AJ+8jdk=</latexit>

V h
<latexit sha1_base64="bxewowZ97PDPHCykRc5BGXKoRO8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAIB6jmAckS5id9GaHzM4uM7NCWAJ+gBcPinj1j7z5N04eB00saCiquunuClLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsYXk/81iMqzRP5YEYp+jEdSB5yRo2V7qOoV664VXcKsky8OanAHPVe+avbT1gWozRMUK07npsaP6fKcCZwXOpmGlPKhnSAHUsljVH7+fTSMTmxSp+EibIlDZmqvydyGms9igPbGVMT6UVvIv7ndTITXvk5l2lmULLZojATxCRk8jbpc4XMiJEllClubyUsoooyY8Mp2RC8xZeXSfOs6l1Uz+/OK7Wbp1kcRTiCYzgFDy6hBrdQhwYwCOEZXuHNGTovzrvzMWstOPMID+EPnM8fuxaN6w==</latexit>

hh
<latexit sha1_base64="30J0akzwZSIljMlF2SlkyEkX5N4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqe5KUY8FQTxWcLvFdinZNNuGZrNLkhXKUvAfePGgiFd/kDf/jenHQVsfDDzem2FmXpgKro3jfKPCyura+kZxs7S1vbO7V94/aOokU5R5NBGJaoVEM8El8ww3grVSxUgcCuaHw+uJ7z8ypXki780oZUFM+pJHnBJjJc/3z/yHbrniVJ0p8DJx56QCczS65a9OL6FZzKShgmjddp3UBDlRhlPBxqVOpllK6JD0WdtSSWKmg3x67BifWKWHo0TZkgZP1d8TOYm1HsWh7YyJGehFbyL+57UzE10FOZdpZpiks0VRJrBJ8ORz3OOKUSNGlhCquL0V0wFRhBqbT8mG4C6+vEya51X3olq7q1XqN0+zOIpwBMdwCi5cQh1uoQEeUODwDK/whiR6Qe/oY9ZaQPMID+EP0OcPTJKOxw==</latexit>

WW/WZ

<latexit sha1_base64="CcrSrtzL2F3ALogpSikSqNWHtMo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVWbSFGXBUFcVrBNaRvKZDpJhk4ezEyEEgrir7hxoYhbP8Odf+P0sdDWAxcO59zhzjleyplUlvVtFFZW19Y3ipulre2d3T1z/6Alk0wQ2iQJT0Tbw5JyFtOmYorTdioojjxOHW94PfGdByokS+J7NUqpG+EgZj4jWGmpbx4FKEA9laAwRFXUCfV0qshx+mbZqlhToGViz0kZ5mj0za/eICFZRGNFOJaya1upcnMsFCOcjku9TNIUkyEOaFfTGEdUuvk0wBidamWA/EToiRWaqr9f5DiSchR5ejPCKpSL3kT8z+tmyr9ycxanmaIxmR3yM4504EkbaMAEJYqPNMFEMP1XREIsMFG6s5IuwV6MvExa5xX7olK7q5XrN4+zOopwDCdwBjZcQh1uoQFNIDCGZ3iFN+PJeDHejY/ZasGYV3gIf2B8/gAJeJSM</latexit>

gg ! hh/Zh/ZZ/WW

<latexit sha1_base64="CryS49jGjgJIHpbpGluQIQEZ5A8=">AAACEHicbVBLSwMxGMz6rPW16tFLsIiCWHalqMeCF8FLBfvA7lqSNNuGZrNLkhXKUvAPePGvePGgiFeP3vw3prs9aOtA+IaZLyQzOOZMacf5tubmFxaXlgsrxdW19Y1Ne2u7oaJEElonEY9kCyNFORO0rpnmtBVLikLMaRMPLsZ+855KxSJxo4cx9UPUEyxgBGkjdeyDOIaejuAt7GcTepTzu6N8HEMMPYxkikcdu+SUnQxwlrgTUgIT1Dr2l9eNSBJSoQlHSrVdJ9Z+iqRmhNNR0UsUjREZoB5tGypQSJWfZoFGcN8oXRhE0hyhYab+vpGiUKlhiM1miHRfTXtj8T+vnejg3E+ZiBNNBckfChIOTfJxO7DLJCWaDw1BRDLzV0j6SCKiTYdFU4I7HXmWNE7K7mm5cl0pVa8e8joKYBfsgUPggjNQBZegBuqAgEfwDF7Bm/VkvVjv1ke+OmdNKtwBf2B9/gCzr5uW</latexit>

pp ! Zh ! `+`�bb̄

<latexit sha1_base64="7jkIArITlgc409vw/ikrNxRUlw0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BQTxGMA9IljA7mU2GzM5uZnqFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PGiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4c3Ubz5ybUSsHnCccD+ifSVCwShaqYWkE1BNsFssuWV3BrJKvAUpwQK1bvGr04tZGnGFTFJj2p6boJ9RjYJJPil0UsMTyoa0z9uWKhpx42ezeyfkzCo9EsbalkIyU39PZDQyZhwFtjOiODDL3lT8z2unGF77mVBJilyx+aIwlQRjMn2e9ITmDOXYEsq0sLcSNqCaMrQRFWwI3vLLq6RxUfYuy5X7Sql6+zSPIw8ncArn4MEVVOEOalAHBhKe4RXenJHz4rw7H/PWnLOI8Bj+wPn8AYb3kBA=</latexit>

tt̄
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+ extensive 
preparatory work! 

https://arxiv.org/abs/1703.04751
https://arxiv.org/abs/1804.07407
https://arxiv.org/abs/2006.16877
https://arxiv.org/abs/2204.13045
https://arxiv.org/abs/1812.00214
https://arxiv.org/abs/1909.11576
https://arxiv.org/abs/2008.11743
https://arxiv.org/abs/2306.09963
https://arxiv.org/abs/2204.00663
https://arxiv.org/abs/2311.06107
https://arxiv.org/abs/2309.16758


Anke Biekötter - JGU Mainz

NLO EW effects
• EWPO    [(Bellafronte), Dawson, Giardino (1909.02000), (2201.09887), (2304.00029)], 

Partial results: [Hartmann, Shepherd, Trott (1611.09879)], [Biekötter, Pecjak, Scott, Smith (2305.03763)]

•       [(Cullen), (Gauld), Peciak, Scott (1904.06358), (1607.06354), (1512.02508)]

•      [Dawson, Giardino (1807.11504); Dedes et al. (1805.00302); Hartmann, Trott (1507.03568), (1505.02646)]

•     [Corbett, Rasmussen (2110.03694)]  
  On-shell: [Dawson, Giardino (1801.01136); Dedes, Suxho, Trifyllis (1903.12046)]

•     [Dawson, Giardino (1801.01136)]

•  [Dawson, Giardino (1807.11504)] 

• Drell-Yan (partial) [Dawson, Giardino, Ismail (1811.12260)] 
•  [Martini, (Pan), Schulze, (Xiao) (1911.11244), (2104.04277)] 
• 4-quark ops in  [Alasfar, de Blas, Gröber (2202.02333)] 

<latexit sha1_base64="eyN1iAjtPT57UNR8o5cH3j38Zbs=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBPUYEMRjBPOA7BJmJrPJkNnZZWZWiEvA//DiQRGvfoo3/8bJ46CJBQ1FVTfdXSQVXBvP+3YKa+sbm1vF7dLO7t5+2T04bOkkU5Q1aSIS1SFYM8ElaxpuBOukiuGYCNYmo+up335gSvNE3ptxysIYDySPOMXGSj23PESBSRBBAcEqJ5OeW/Gq3gxolfgLUoEFGj33K+gnNIuZNFRgrbu+l5owx8pwKtikFGSapZiO8IB1LZU4ZjrMZ4dP0KlV+ihKlC1p0Ez9PZHjWOtxTGxnjM1QL3tT8T+vm5noKsy5TDPDJJ0vijKB7KvTFFCfK0aNGFuCqeL2VkSHWGFqbFYlG4K//PIqaZ1X/Ytq7a5Wqd88zeMowjGcwBn4cAl1uIUGNIFCBs/wCm/Oo/PivDsf89aCs4jwCP7A+fwBDZmTIg==</latexit>

h ! bb̄
<latexit sha1_base64="p33yCWnCGyFJHAWrBcaIQMVTBsU=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GVBEJcV7AOaUG6mk3boTBJmJkIIFf/EjQtF3Poh7vwbp20W2nrgcg/n3GHuPUHCmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZS8ARTmLaFszzWkvkRREwGk3mFzP/O4DlYrF0b3OEuoLGEUsZAS0kQZ2dYw9HWNvBEJA0QZ2zak7c+BV4hakhgq0BvaXN4xJKmikCQel+q6TaD8HqRnhdFrxUkUTIBMY0b6hEQiq/Hy+/BSfGmWIw1iaijSeq79f5CCUykRgJgXosVr2ZuJ/Xj/V4ZWfsyhJNY3I4qMw5dicO0sCD5mkRPPMECCSmV0xGYMEok1eFROCu3zyKumc192LeuOuUWvePC3iKKNjdILOkIsuURPdohZqI4Iy9Ixe0Zv1aL1Y79bHYrRkFRFW0R9Ynz/p6JS7</latexit>

h ! ��
<latexit sha1_base64="Mp3Ek5rMnfkXyJ24VizRQMW8E8s=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAIB4jmAdm19A7mU2GzOwuM7NKCAE/w4sHRbz6L978GyePgyYWNBRV3XR3hang2rjut5NbWl5ZXcuvFzY2t7Z3irt7dZ1kirIaTUSimiFqJnjMaoYbwZqpYihDwRph/3LsNx6Y0jyJb80gZYHEbswjTtFY6b5HfJMQv4tSIrlrF0tu2Z2ALBJvRkowQ7Vd/PI7Cc0kiw0VqHXLc1MTDFEZTgUbFfxMsxRpH7usZWmMkulgOLl6RI6s0iFRomzFhkzU3xNDlFoPZGg7JZqenvfG4n9eKzPRRTDkcZoZFtPpoigTxH46joB0uGLUiIElSBW3txLaQ4XU2KAKNgRv/uVFUj8pe2fl05vTUuXqaRpHHg7gEI7Bg3OowDVUoQYUFDzDK7w5j86L8+58TFtzzizCffgD5/MHjQ2SUw==</latexit>

h ! �Z

<latexit sha1_base64="kpubMvLldYwPkCsUdgcKX8IXGe0=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCIC4r2Adth5JJ77ShmcyYZIQyFPwGNy4UcevvuPNvTB8LbT0QOJxzw73nBIng2rjut5NbWV1b38hvFra2d3b3ivsHdR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMryd+4xGV5rG8N6ME/Yj2JQ85o8ZKzQHpmJi0Wt1iyS27U5Bl4s1JCeaodotfnV7M0gilYYJq3fbcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+m947JiVV6JIyVfdKQqfr7R0YjrUdRYCcjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAWxGSfhSY8rZEaMLKFMcXsrYQOqKDO2ooItwVuMvEzqZ2Xvonx+d16q3DzN6sjDERzDKXhwCRW4hSrUgIGAZ3iFN+fBeXHenY/ZaM6ZV3gIf+B8/gBZM4/y</latexit>

h ! ZZ
<latexit sha1_base64="mXz6je9R/ilon6MtUeRniIcL02E=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCIC4r2E6hHUomvdOGZjJjkhHKUPAb3LhQxK2/486/MX0stPVA4HDODfeeE6aCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtUKqUXCJDcONwFaqkMahQD8cXk98/xGV5om8N6MUg5j2JY84o8ZKrQHpmIT4frdccavuFGSZeHNSgTnq3fJXp5ewLEZpmKBatz03NUFOleFM4LjUyTSmlA1pH9uWShqjDvLpvWNyYpUeiRJlnzRkqv7+kdNY61Ec2smYmoFe9Cbif147M9FVkHOZZgYlmy2KMkFsxkl40uMKmREjSyhT3N5K2IAqyoytqGRL8BYjL5PmWdW7qJ7fnVdqN0+zOopwBMdwCh5cQg1uoQ4NYCDgGV7hzXlwXpx352M2WnDmFR7CHzifP1AYj+w=</latexit>

h ! WW

<latexit sha1_base64="FbxXAuT68eJuZAXEFkWYCeilClU=">AAACDHicbVBLSwMxGPzWZ62vqkcvwSJ4qrtS1GNBkB4r2Ad0l5JNs21oNhuSrFBKwasX/4oXD4p49Qd489+Ybgtq6wchk5kJyUwoOdPGdb+cpeWV1bX13EZ+c2t7Z7ewt9/QSaoIrZOEJ6oVYk05E7RumOG0JRXFcchpMxxcTfTmHVWaJeLWDCUNYtwTLGIEG0t1CkWJJPJNggzyQ6zsdvoDq9mhal1uyc0GLQJvBoowm1qn8Ol3E5LGVBjCsdZtz5UmGGFlGOF0nPdTTSUmA9yjbQsFjqkORlmYMTq2TBdFibJLGJSxv2+McKz1MA6tM8amr+e1Cfmf1k5NdBmMmJCpoYJMH4pSjibhbTOoyxQlhg8twEQx+1dE+lhhYmx/eVuCNx95ETTOSt55qXxTLlau76d15OAQjuAEPLiAClShBnUg8ABP8AKvzqPz7Lw571PrkjOr8AD+jPPxDbqhmKk=</latexit>

pp ! tt̄/tt̄H/tH
<latexit sha1_base64="s1hgkuu7cRD1W2nlF6dxWSMGYh0=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAILkqZkaIuC4K4rGAv0BlKJs20oZnMkJwRylDwOdz4Km5cKOLCjfg2ZjpdaOsJ4fz5zgnJ+f1YcA22/W0VVlbX1jeKm6Wt7Z3dvfL+QVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP77K6p17pjSP5B1MYuaFZCh5wCkBg/rl+nCIXYjwCFexWzUpO/jY9YkyacZiszIKOQU86pcrds2eBV4WzlxU0Dya/fKnO4hoEjIJVBCte44dg5cSBZwKNi25iWYxoWMyZD0jJQmZ9tLZdFN8YsgAB5EyWwKe0d83UhJqPQl90xkSGOnFWgb/q/USCC69lMs4ASZp/lCQCJzNaqzCA64YBTExglDFzV8xHRFFKBhDS8YEZ3HkZdE+qznntfptvdK4fsjtKKIjdIxOkYMuUAPdoCZqIYoe0TN6RW/Wk/VivVsfeWvBmlt4iP6E9fUDmaieWQ==</latexit>

gg ! h, h ! bb̄, pp ! tt̄h
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https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887
https://arxiv.org/abs/2304.00029
https://arxiv.org/abs/1611.09879
https://arxiv.org/abs/2305.03763
https://arxiv.org/abs/1904.06358
https://arxiv.org/abs/1607.06354
https://arxiv.org/abs/1512.02508
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1805.00302
https://arxiv.org/abs/1507.03568
https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/2110.03694
https://arxiv.org/abs/1801.01136
https://arxiv.org/abs/1903.12046
https://arxiv.org/abs/1801.01136
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1811.12260
https://arxiv.org/abs/1911.11244
https://arxiv.org/abs/2104.04277
https://arxiv.org/abs/2202.02333


Anke Biekötter - JGU Mainz

NLO EW effects
• EWPO    [(Bellafronte), Dawson, Giardino (1909.02000), (2201.09887), (2304.00029)], 

Partial results: [Hartmann, Shepherd, Trott (1611.09879)], [Biekötter, Pecjak, Scott, Smith (2305.03763)]

•       [(Cullen), (Gauld), Peciak, Scott (1904.06358), (1607.06354), (1512.02508)]

•      [Dawson, Giardino (1807.11504); Dedes et al. (1805.00302); Hartmann, Trott (1507.03568), (1505.02646)]

•     [Corbett, Rasmussen (2110.03694)]  
  On-shell: [Dawson, Giardino (1801.01136); Dedes, Suxho, Trifyllis (1903.12046)]

•     [Dawson, Giardino (1801.01136)]

•  [Dawson, Giardino (1807.11504)] 

• Drell-Yan (partial) [Dawson, Giardino, Ismail (1811.12260)] 
•  [Martini, (Pan), Schulze, (Xiao) (1911.11244), (2104.04277)] 
• 4-quark ops in  [Alasfar, de Blas, Gröber (2202.02333)] 

<latexit sha1_base64="eyN1iAjtPT57UNR8o5cH3j38Zbs=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBPUYEMRjBPOA7BJmJrPJkNnZZWZWiEvA//DiQRGvfoo3/8bJ46CJBQ1FVTfdXSQVXBvP+3YKa+sbm1vF7dLO7t5+2T04bOkkU5Q1aSIS1SFYM8ElaxpuBOukiuGYCNYmo+up335gSvNE3ptxysIYDySPOMXGSj23PESBSRBBAcEqJ5OeW/Gq3gxolfgLUoEFGj33K+gnNIuZNFRgrbu+l5owx8pwKtikFGSapZiO8IB1LZU4ZjrMZ4dP0KlV+ihKlC1p0Ez9PZHjWOtxTGxnjM1QL3tT8T+vm5noKsy5TDPDJJ0vijKB7KvTFFCfK0aNGFuCqeL2VkSHWGFqbFYlG4K//PIqaZ1X/Ytq7a5Wqd88zeMowjGcwBn4cAl1uIUGNIFCBs/wCm/Oo/PivDsf89aCs4jwCP7A+fwBDZmTIg==</latexit>

h ! bb̄
<latexit sha1_base64="p33yCWnCGyFJHAWrBcaIQMVTBsU=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GVBEJcV7AOaUG6mk3boTBJmJkIIFf/EjQtF3Poh7vwbp20W2nrgcg/n3GHuPUHCmdKO822V1tY3NrfK25Wd3b39A/vwqKPiVBLaJjGPZS8ARTmLaFszzWkvkRREwGk3mFzP/O4DlYrF0b3OEuoLGEUsZAS0kQZ2dYw9HWNvBEJA0QZ2zak7c+BV4hakhgq0BvaXN4xJKmikCQel+q6TaD8HqRnhdFrxUkUTIBMY0b6hEQiq/Hy+/BSfGmWIw1iaijSeq79f5CCUykRgJgXosVr2ZuJ/Xj/V4ZWfsyhJNY3I4qMw5dicO0sCD5mkRPPMECCSmV0xGYMEok1eFROCu3zyKumc192LeuOuUWvePC3iKKNjdILOkIsuURPdohZqI4Iy9Ixe0Zv1aL1Y79bHYrRkFRFW0R9Ynz/p6JS7</latexit>

h ! ��
<latexit sha1_base64="Mp3Ek5rMnfkXyJ24VizRQMW8E8s=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAIB4jmAdm19A7mU2GzOwuM7NKCAE/w4sHRbz6L978GyePgyYWNBRV3XR3hang2rjut5NbWl5ZXcuvFzY2t7Z3irt7dZ1kirIaTUSimiFqJnjMaoYbwZqpYihDwRph/3LsNx6Y0jyJb80gZYHEbswjTtFY6b5HfJMQv4tSIrlrF0tu2Z2ALBJvRkowQ7Vd/PI7Cc0kiw0VqHXLc1MTDFEZTgUbFfxMsxRpH7usZWmMkulgOLl6RI6s0iFRomzFhkzU3xNDlFoPZGg7JZqenvfG4n9eKzPRRTDkcZoZFtPpoigTxH46joB0uGLUiIElSBW3txLaQ4XU2KAKNgRv/uVFUj8pe2fl05vTUuXqaRpHHg7gEI7Bg3OowDVUoQYUFDzDK7w5j86L8+58TFtzzizCffgD5/MHjQ2SUw==</latexit>

h ! �Z

<latexit sha1_base64="kpubMvLldYwPkCsUdgcKX8IXGe0=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCIC4r2Adth5JJ77ShmcyYZIQyFPwGNy4UcevvuPNvTB8LbT0QOJxzw73nBIng2rjut5NbWV1b38hvFra2d3b3ivsHdR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMryd+4xGV5rG8N6ME/Yj2JQ85o8ZKzQHpmJi0Wt1iyS27U5Bl4s1JCeaodotfnV7M0gilYYJq3fbcxPgZVYYzgeNCJ9WYUDakfWxbKmmE2s+m947JiVV6JIyVfdKQqfr7R0YjrUdRYCcjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAWxGSfhSY8rZEaMLKFMcXsrYQOqKDO2ooItwVuMvEzqZ2Xvonx+d16q3DzN6sjDERzDKXhwCRW4hSrUgIGAZ3iFN+fBeXHenY/ZaM6ZV3gIf+B8/gBZM4/y</latexit>

h ! ZZ
<latexit sha1_base64="mXz6je9R/ilon6MtUeRniIcL02E=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCIC4r2E6hHUomvdOGZjJjkhHKUPAb3LhQxK2/486/MX0stPVA4HDODfeeE6aCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtUKqUXCJDcONwFaqkMahQD8cXk98/xGV5om8N6MUg5j2JY84o8ZKrQHpmIT4frdccavuFGSZeHNSgTnq3fJXp5ewLEZpmKBatz03NUFOleFM4LjUyTSmlA1pH9uWShqjDvLpvWNyYpUeiRJlnzRkqv7+kdNY61Ec2smYmoFe9Cbif147M9FVkHOZZgYlmy2KMkFsxkl40uMKmREjSyhT3N5K2IAqyoytqGRL8BYjL5PmWdW7qJ7fnVdqN0+zOopwBMdwCh5cQg1uoQ4NYCDgGV7hzXlwXpx352M2WnDmFR7CHzifP1AYj+w=</latexit>

h ! WW

<latexit sha1_base64="FbxXAuT68eJuZAXEFkWYCeilClU=">AAACDHicbVBLSwMxGPzWZ62vqkcvwSJ4qrtS1GNBkB4r2Ad0l5JNs21oNhuSrFBKwasX/4oXD4p49Qd489+Ybgtq6wchk5kJyUwoOdPGdb+cpeWV1bX13EZ+c2t7Z7ewt9/QSaoIrZOEJ6oVYk05E7RumOG0JRXFcchpMxxcTfTmHVWaJeLWDCUNYtwTLGIEG0t1CkWJJPJNggzyQ6zsdvoDq9mhal1uyc0GLQJvBoowm1qn8Ol3E5LGVBjCsdZtz5UmGGFlGOF0nPdTTSUmA9yjbQsFjqkORlmYMTq2TBdFibJLGJSxv2+McKz1MA6tM8amr+e1Cfmf1k5NdBmMmJCpoYJMH4pSjibhbTOoyxQlhg8twEQx+1dE+lhhYmx/eVuCNx95ETTOSt55qXxTLlau76d15OAQjuAEPLiAClShBnUg8ABP8AKvzqPz7Lw571PrkjOr8AD+jPPxDbqhmKk=</latexit>

pp ! tt̄/tt̄H/tH
<latexit sha1_base64="s1hgkuu7cRD1W2nlF6dxWSMGYh0=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAILkqZkaIuC4K4rGAv0BlKJs20oZnMkJwRylDwOdz4Km5cKOLCjfg2ZjpdaOsJ4fz5zgnJ+f1YcA22/W0VVlbX1jeKm6Wt7Z3dvfL+QVtHiaKsRSMRqa5PNBNcshZwEKwbK0ZCX7COP77K6p17pjSP5B1MYuaFZCh5wCkBg/rl+nCIXYjwCFexWzUpO/jY9YkyacZiszIKOQU86pcrds2eBV4WzlxU0Dya/fKnO4hoEjIJVBCte44dg5cSBZwKNi25iWYxoWMyZD0jJQmZ9tLZdFN8YsgAB5EyWwKe0d83UhJqPQl90xkSGOnFWgb/q/USCC69lMs4ASZp/lCQCJzNaqzCA64YBTExglDFzV8xHRFFKBhDS8YEZ3HkZdE+qznntfptvdK4fsjtKKIjdIxOkYMuUAPdoCZqIYoe0TN6RW/Wk/VivVsfeWvBmlt4iP6E9fUDmaieWQ==</latexit>

gg ! h, h ! bb̄, pp ! tt̄h
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How large are the NLO effects? 
How do they depend on the input scheme?
How are NLO degeneracies affecting global fit results?

https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887
https://arxiv.org/abs/2304.00029
https://arxiv.org/abs/1611.09879
https://arxiv.org/abs/2305.03763
https://arxiv.org/abs/1904.06358
https://arxiv.org/abs/1607.06354
https://arxiv.org/abs/1512.02508
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1805.00302
https://arxiv.org/abs/1507.03568
https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/2110.03694
https://arxiv.org/abs/1801.01136
https://arxiv.org/abs/1903.12046
https://arxiv.org/abs/1801.01136
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1811.12260
https://arxiv.org/abs/1911.11244
https://arxiv.org/abs/2104.04277
https://arxiv.org/abs/2202.02333


Electroweak input schemes in 
SMEFT

Based on 2305.03763 with 
Ben Pecjak, Darren Scott and Tommy Smith 
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Input schemes

16

• Lagrangian written in terms of  
• Choice of input parameters

<latexit sha1_base64="dB+vCYhKLhGLEf8TPGZXRd/86h0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsgotSZqSoy4IbwU0Fe4HOMGTSTBuauZBkKmWoCL6KGxeKuPUt3Pk2ptMutPVAyMf/n0Nyfj/hTCrL+jaWlldW19YLG8XNre2dXXNvvynjVBDaIDGPRdvHknIW0YZiitN2IigOfU5b/uBq4reGVEgWR3dqlFA3xL2IBYxgpSXPPHQy1PPsMnLK+r5HOQyRM/bMklWx8kKLYM+gBLOqe+aX041JGtJIEY6l7NhWotwMC8UIp+Oik0qaYDLAPdrRGOGQSjfLNxijE610URALfSKFcvX3RIZDKUehrztDrPpy3puI/3mdVAWXbsaiJFU0ItOHgpQjFaNJHKjLBCWKjzRgIpj+KyJ9LDBROrSiDsGeX3kRmmcV+7xSva2WajeP0zgKcATHcAo2XEANrqEODSDwAM/wCm/Gk/FivBsf09YlYxbhAfwp4/MHgmKUzw==</latexit>

{g1, gw, v}

<latexit sha1_base64="yB91FGdTza8p3ZRjtFNBtGBhkqc="></latexit>

{g1, gw, v} ! {input 1, input 2, input 3}

• Typical choices
<latexit sha1_base64="xVaAnpVy8qcGcV+bdEfaTBDQZwE="></latexit>

MW 80.433(9) GeV
MZ 91.1876(21) GeV
GF 1.1663797(6) ⇥10�5 GeV2

↵(MZ) 0.007127(2)
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Why does the choice of input scheme matter?

17

In the SM:
• Precision of input parameters
• Convergence of the perturbative series

In the SMEFT:
• Number of Wilson coefficients appearing 

(at LO and at higher orders)

• Convergence in term of the Wilson coefficients
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Teaser: perturbative convergence for leptonic W decay
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Corrections to the LO Wilson coefficients at NLO

<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

Different 
schemes
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Teaser: perturbative convergence for leptonic W decay
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Are there patterns and can they be understood?

Corrections to the LO Wilson coefficients at NLO

<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

Different 
schemes
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Meet the schemes

19

• The  scheme - 
•  and  are renormalised on-shell

•  is renormalised through muon decay

• Sometimes called “  scheme” in the SMEFT

• The  scheme - 
•  and  are renormalised on-shell

•  is renormalised in -lite scheme

• The LEP scheme - 
• Inputs renormalised as above
• Sometimes called “  scheme” in the SMEFT

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ
<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW
<latexit sha1_base64="OYl+QB1gdGFxH9kYJHrLuYs7bcE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GEiOaByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6h6HCfcj2lMiFIyile5uOg+dYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vT0tVa6fpnHk4QAO4Rg8OIcKXEEVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8z9Y4w</latexit>

MZ
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵
<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="gi+yO8s4W9H2IAureNalydb6hOY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4IIEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhlcTv/mISvNYPphRgn5E+5KHnFFjpfvbbrNbLLlldwqyTLw5KcEctW7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NQxObFKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89DMuk9SgZLNFYSqIicnkb9LjCpkRI0soU9zeStiAKsqMTadgQ/AWX14mjbOyd16u3FVK1ZunWRx5OIJjOAUPLqAK11CDOjDowzO8wpsjnBfn3fmYteaceYSH8AfO5w8vaY4t</latexit>

MW
<latexit sha1_base64="OYl+QB1gdGFxH9kYJHrLuYs7bcE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GEiOaByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6h6HCfcj2lMiFIyile5uOg+dYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vT0tVa6fpnHk4QAO4Rg8OIcKXEEVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8z9Y4w</latexit>

MZ
<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

<latexit sha1_base64="Yvll9QfalHJWt+WUSVhtjiQPnfA="></latexit>

MS
<latexit sha1_base64="gOtJdnYl/oIUybVRAWMu2qv2OcI=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuChlRoq6LAgqiFDBtmJnGO6kaRuaeZBkhDIUBDf+FTcuFHHrb3DnvzHtdKGtBwIf59yQ3OPHnEllWd9Gbm5+YXEpv1xYWV1b3zA3txoySgShdRLxSNz6IClnIa0rpji9jQWFwOe06fdPR3nzngrJovBGDWLqBtANWYcRUNryzF0ndYDHPcAl7JTwuXeWwZV3h52hZxatsjUWngV7AkU0Uc0zv5x2RJKAhopwkLJlW7FyUxCKEU6HBSeRNAbShy5taQwhoNJNx2sM8b522rgTCX1Chcfu7xspBFIOAl9PBqB6cjobmf9lrUR1TtyUhXGiaEiyhzoJxyrCo05wmwlKFB9oACKY/ismPRBAlG6uoEuwp1eehcZh2T4qV64rxerlQ1ZHHu2gPXSAbHSMqugC1VAdEfSIntErejOejBfj3fjIRnPGpMJt9EfG5w/w1Zar</latexit>

{↵, GF , MZ}

<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

• Wilson coefficients 
renormalised in  scheme

<latexit sha1_base64="+TjBt9U9lWkMbDNexHHNvdS/uO4="></latexit>

MS

[Cullen, Pecjak, Scott (1904.06358)] 

https://arxiv.org/abs/1904.06358
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The  vs  schemes
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵
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• Inputs 
•  or  is renormalised by 

requiring that Fermi decay is 
exact to all orders

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="iCv+Ot/kLaqLH2e5g4mmssNjU/M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk9lkyMzsMo9AWAL+ghcPinj1e7z5N84mOWhiQUNR1U13V5Rypo3vf3uFtfWNza3idmlnd2//oHx41NSJVYQ2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVjW5zvzWmSrNEPppJSkOBB5LFjGDjpNa41xUWlXrlil/1Z0CrJFiQCixQ75W/uv2EWEGlIRxr3Qn81IQZVoYRTqelrtU0xWSEB7TjqMSC6jCbnTtFZ07pozhRrqRBM/X3RIaF1hMRuU6BzVAve7n4n9exJr4JMyZTa6gk80Wx5cgkKP8d9ZmixPCJI5go5m5FZIgVJsYllIcQLL+8SpoX1eCqevlwWandP83jKMIJnMI5BHANNbiDOjSAwAie4RXevNR78d69j3lrwVtEeAx/4H3+AKaCj48=</latexit>vµ

<latexit sha1_base64="ucqMk/kF3ZY8NZJv94hOo4qi31Q="></latexit>

1

v2T,0

=
1

v2µ


1� v2µ�v(6,0,µ) � 1

v2µ
�v(4,1,µ)µ ��v(6,1,µ)µ

�

Tree-level
SMEFT

One-loop
SM

One-loop
SMEFT

 scheme
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ

µ

‹̄e

‹µ

e

µ ‹̄e

‹µ

e

<latexit sha1_base64="cB6IytqABgRdz1PilKrqtGEhQjM="></latexit>

�v(6,0,µ) = C(3)
Hl
11

+ C(3)
Hl
22
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The  vs  schemes
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ <latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

20

• Inputs 
•  or  is renormalised by 

requiring that Fermi decay is 
exact to all orders

<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="8bdYMzu4b1QcxYNfPebfTgGilb0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAoIKXiOYByRJmJ7PJkNnZZaZXCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyO/cYj10bE6gGHCfcj2lMiFIyile6vO1edYsktuxOQReLNSAlmqHaKX+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/m5w6IkdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJPx36QrNGcoh5ZQpoW9lbA+1ZShTadgQ/DmX14k9ZOyd1Y+vTstVW6fpnHk4QAO4Rg8OIcK3EAVasCgB8/wCm+OdF6cd+dj2ppzZhHuwx84nz8MgY4W</latexit>

GF
<latexit sha1_base64="iCv+Ot/kLaqLH2e5g4mmssNjU/M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk9lkyMzsMo9AWAL+ghcPinj1e7z5N84mOWhiQUNR1U13V5Rypo3vf3uFtfWNza3idmlnd2//oHx41NSJVYQ2SMIT1Y6wppxJ2jDMcNpOFcUi4rQVjW5zvzWmSrNEPppJSkOBB5LFjGDjpNa41xUWlXrlil/1Z0CrJFiQCixQ75W/uv2EWEGlIRxr3Qn81IQZVoYRTqelrtU0xWSEB7TjqMSC6jCbnTtFZ07pozhRrqRBM/X3RIaF1hMRuU6BzVAve7n4n9exJr4JMyZTa6gk80Wx5cgkKP8d9ZmixPCJI5go5m5FZIgVJsYllIcQLL+8SpoX1eCqevlwWandP83jKMIJnMI5BHANNbiDOjSAwAie4RXevNR78d69j3lrwVtEeAx/4H3+AKaCj48=</latexit>vµ

<latexit sha1_base64="ucqMk/kF3ZY8NZJv94hOo4qi31Q="></latexit>

1

v2T,0

=
1

v2µ


1� v2µ�v(6,0,µ) � 1

v2µ
�v(4,1,µ)µ ��v(6,1,µ)µ

�

Tree-level
SMEFT

One-loop
SM

One-loop
SMEFT

 scheme
<latexit sha1_base64="kVpFum5xgCobmkm5nM005H3uwNs=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSZt+lgW3LisYNpiE8pkOmmHTiZhZiKU0L9w40IRt/6NO//G6UNQ0QMXDufcy733hClnSiP0YRU2Nre2d4q7pb39g8Oj8vFJVyWZJNQjCU9kP8SKciaop5nmtJ9KiuOQ0144vVr4vXsqFUvErZ6lNIjxWLCIEayNdOdjnk7w0I+zYbmCbNRsughBZFcbjVrVMcSt1+qoBR0bLVEBa3SG5Xd/lJAspkITjpUaOCjVQY6lZoTTecnPFE0xmeIxHRgqcExVkC8vnsMLo4xglEhTQsOl+n0ix7FSszg0nTHWE/XbW4h/eYNMR60gZyLNNBVktSjKONQJXLwPR0xSovnMEEwkM7dCMsESE21CKpkQvj6F/5Nu1XYatnvjVtpeexVHEZyBc3AJHNAEbXANOsADBAjwAJ7As6WsR+vFel21Fqx1hKfgB6y3TxPlkXg=</latexit>↵µ

• Inputs 
• Differs from the  scheme through 

the way we renormalise the vev
•  is a derived parameter

<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="YvODkYLUQuxhiC28ZO2hdK4f6io=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMFHVZcCO4qWAf0BnKnTRtQ5NMyEMoQ8Ff4caFIm79M+78N860XWjrgcDHOTfk5sSKM2N9/9srrK1vbG4Vt0s7u3v7B+XDo5ZJnCa0SRKe6E4MhnImadMyy2lHaQoi5rQdj2/yvP1ItWGJfLATRSMBQ8kGjIDNrDAErkbQC4XDpV654lf9mfAqBAuooIUavfJX2E+IE1RawsGYbuArG6WgLSOcTkuhM1QBGcOQdjOUIKiJ0tnOU3yWOX08SHR2pMUz9/eNFIQxExFnkwLsyCxnuflf1nV2cB2lTCpnqSTzhwaOY5vgvADcZ5oSyycZANEs2xWTEWggNqspLyFY/vIqtC6qwWW1dl+r1O+e5nUU0Qk6RecoQFeojm5RAzURQQo9o1f05jnvxXv3PuajBW9R4TH6I+/zB1qWka0=</latexit>↵µ

<latexit sha1_base64="vyOqtuzyIGOn96S47WlCQQqRxaU=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYhyRJ6J7PJkJndZWY2EJaA/+DFgyJe/Rxv/o2Tx0ETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU0VZncYiVq0ANRM8YnXDjWCtRDGUgWDNYHgz9ZsjpjSPowczTpgvsR/xkFM0VnocdTsokgGSbrHklt0ZyCrxFqQEC9S6xa9OL6apZJGhArVue25i/AyV4VSwSaGTapYgHWKftS2NUDLtZ7ODJ+TMKj0SxspWZMhM/T2RodR6LAPbKdEM9LI3Ff/z2qkJr/2MR0lqWETni8JUEBOT6fekxxWjRowtQaq4vZXQASqkxmZUsCF4yy+vksZF2bssV+4rperd0zyOPJzAKZyDB1dQhVuoQR0oSHiGV3hzlPPivDsf89acs4jwGP7A+fwBohGQvQ==</latexit>v↵

<latexit sha1_base64="V15FggEDbNI/0LMUUQ305Ob5F6o="></latexit>

�v↵
v↵

⌘ �MW

MW
+

�sW
sW

� �e

e

 scheme<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

<latexit sha1_base64="flaiTfU1X57e6X3KFq728oIw+Aw=">AAACGXicbZBNS8MwHMZTX+d8q3r0EhyCp9GOoV6EgRdBhAluHaylpFm6haVpTdLBKAU/hRe/ihcPinjUk9/GdNtBN/8QeHieJyT/X5AwKpVlfRtLyyura+uljfLm1vbOrrm335ZxKjBp4ZjFohMgSRjlpKWoYqSTCIKigBEnGF4WuTMiQtKY36lxQrwI9TkNKUZKW75pjXwXsWSA4AV0Q4FwVoM3vgOl7+SZK++FyupuQuG0lOdl36xYVWsycFHYM1EBs2n65qfbi3EaEa4wQ1J2bStRXoaEopiRvOymkiQID1GfdLXkKCLSyyab5fBYOz0YxkIfruDE/X0jQ5GU4yjQzQipgZzPCvO/rJuq8NzLKE9SRTiePhSmDKoYFphgjwqCFRtrgbCg+q8QD5DmozTMAoI9v/KiaNeq9mm1fluvNK4fpjhK4BAcgRNggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0umTMEB6AP2N8/QByFKBq</latexit>

v↵ =
2MW sWp

4⇡↵

<latexit sha1_base64="tihbqNFihjDXgfKD3WtIyrDqPsY="></latexit>

v2↵
v2µ

⌘ 1 +�r
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The LEP scheme
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<latexit sha1_base64="tniDZkqbISdLRlqBZnO4cqOch+4="></latexit>

M̂2
W =

M2
Z

2

 
1 +

s

1�
4⇡↵v2µ
M2

Z

!

• Inputs 
•  is a derived parameter

<latexit sha1_base64="gOtJdnYl/oIUybVRAWMu2qv2OcI=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuChlRoq6LAgqiFDBtmJnGO6kaRuaeZBkhDIUBDf+FTcuFHHrb3DnvzHtdKGtBwIf59yQ3OPHnEllWd9Gbm5+YXEpv1xYWV1b3zA3txoySgShdRLxSNz6IClnIa0rpji9jQWFwOe06fdPR3nzngrJovBGDWLqBtANWYcRUNryzF0ndYDHPcAl7JTwuXeWwZV3h52hZxatsjUWngV7AkU0Uc0zv5x2RJKAhopwkLJlW7FyUxCKEU6HBSeRNAbShy5taQwhoNJNx2sM8b522rgTCX1Chcfu7xspBFIOAl9PBqB6cjobmf9lrUR1TtyUhXGiaEiyhzoJxyrCo05wmwlKFB9oACKY/ismPRBAlG6uoEuwp1eehcZh2T4qV64rxerlQ1ZHHu2gPXSAbHSMqugC1VAdEfSIntErejOejBfj3fjIRnPGpMJt9EfG5w/w1Zar</latexit>

{↵, GF , MZ}
<latexit sha1_base64="cwBxMa7a3EBLGCljHpgjux9xj+s="></latexit>

M̂W

<latexit sha1_base64="TvuZliq0xM3mgfkF2q12wCVGLSk="></latexit>

M2
W = M̂2

W


1�

ŝ2w
ĉ2w

�r �
ĉ2wŝ

4
w

ĉ32w
�r2

�
+O

�
�r3

�
<latexit sha1_base64="tihbqNFihjDXgfKD3WtIyrDqPsY="></latexit>

v2↵
v2µ

⌘ 1 +�r
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NLO corrections
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• Tadpole and divergence free
• Look at decay rates

•
•
•

<latexit sha1_base64="T3UXKdWH3xiEo9mPK1GtlbylEXM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYB2SXMTmaTIbOz60xvIISAf+HFgyJe/Rhv/o2Tx0ETCxqKqm66u8JUCoOu++3k1tY3Nrfy24Wd3b39g+LhUcMkmWa8zhKZ6FZIDZdC8ToKlLyVak7jUPJmOLiZ+s0h10Yk6gFHKQ9i2lMiEoyilYIm8TEhkvgq68hOseSW3RnIKvEWpAQL1DrFL7+bsCzmCpmkxrQ9N8VgTDUKJvmk4GeGp5QNaI+3LVU05iYYz46ekDOrdEmUaFsKyUz9PTGmsTGjOLSdMcW+Wfam4n9eO8PoOhgLlWbIFZsvijJJ7KPTBEhXaM5QjiyhTAt7K2F9qilDm1PBhuAtv7xKGhdl77Jcua+UqndP8zjycAKncA4eXEEVbqEGdWDwCM/wCm/O0Hlx3p2PeWvOWUR4DH/gfP4A4/uR+g==</latexit>

W ! l⌫l
<latexit sha1_base64="2YmeWRhNdHyI2EZNXa3rd5o3RuI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgiGFXgnoMeBG8RDAPTNYwO5lNhszMrjOzgbAE/AsvHhTx6sd482+cPA6aWNBQVHXT3RXEnGnjut9OZml5ZXUtu57b2Nza3snv7tV0lChCqyTikWoEWFPOJK0aZjhtxIpiEXBaD/pXY78+oEqzSN6ZYUx9gbuShYxgYyX/HrVMhPjDia3Tdr7gFt0J0CLxZqQAM1Ta+a9WJyKJoNIQjrVuem5s/BQrwwino1wr0TTGpI+7tGmpxIJqP50cPUJHVumgMFK2pEET9fdEioXWQxHYToFNT897Y/E/r5mY8NJPmYwTQyWZLgoTjuyj4wRQhylKDB9agoli9lZEelhhYmxOORuCN//yIqmdFb3zYum2VCjfPE3jyMIBHMIxeHABZbiGClSBwCM8wyu8OQPnxXl3PqatGWcW4T78gfP5Axb4kXM=</latexit>

Z ! l+l�
<latexit sha1_base64="tfAONEUY4h6EYvXhi0S1g797fho=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuiHoMeAl4iWAekF3CzGQ2GTI7u8zMCnEJ+B9ePCji1U/x5t84eRw0saChqOqmu4ukgmvjed9OYW19Y3OruF3a2d3bL7sHhy2dZIqyJk1EojoEaya4ZE3DjWCdVDEcE8HaZHQz9dsPTGmeyHszTlkY44HkEafYWKnnlusoMAkiKCBY5WTScyte1ZsBrRJ/QSqwQKPnfgX9hGYxk4YKrHXX91IT5lgZTgWblIJMsxTTER6wrqUSx0yH+ezwCTq1Sh9FibIlDZqpvydyHGs9jontjLEZ6mVvKv7ndTMTXYc5l2lmmKTzRVEmkH11mgLqc8WoEWNLMFXc3oroECtMjc2qZEPwl19eJa3zqn9Zvbi7qNRun+ZxFOEYTuAMfLiCGtShAU2gkMEzvMKb8+i8OO/Ox7y14CwiPII/cD5/ANzLkwc=</latexit>

H ! bb̄ [Cullen, Pecjak, Scott (1512.02508)]

[Dawson, Giardino (1909.02000), (2201.09887)]

• Process dependent pieces and scheme dependent pieces
• Counterterms contain tadpoles and divergences

Physical processes

<latexit sha1_base64="TD0EdGmeOFp98f+7Wn2P2w2APok="></latexit>

�(4,0)
W⌧⌫ =

MW

12⇡

M2
W

v2T

https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887
https://arxiv.org/abs/1512.02508
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 - SMEFT
<latexit sha1_base64="ubh25hgLv/QNRwwDZzgakcZwQX8=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyHTTh/LghuXFZy20A5DJk3b0ExmSDJCLcVfceNCEbf+hzv/xvQhqOiBC4dz7uXee6KUM6UR+rBya+sbm1v57cLO7t7+gX141FJJJgn1ScIT2YmwopwJ6mumOe2kkuI44rQdjS/nfvuWSsUScaMnKQ1iPBRswAjWRgrtkzbs6cQUzmBPZOGChHYROahW8xCCyClVq+WSa4hXKVdQHboOWqAIVmiG9nuvn5AspkITjpXquijVwRRLzQins0IvUzTFZIyHtGuowDFVwXRx/QyeG6UPB4k0JTRcqN8npjhWahJHpjPGeqR+e3PxL6+b6UE9mDKRZpoKslw0yDg0/86jgH0mKdF8YggmkplbIRlhiYk2gRVMCF+fwv9Jq+S4Vce79ooNv7GMIw9OwRm4AC6ogQa4Ak3gAwLuwAN4As/WvfVovVivy9actYrwGPyA9fYJuyyVDg==</latexit>

W ! ⌧⌫⌧

23

<latexit sha1_base64="/EYdMaW0eT2qS8xfSWA0y8KhR5k="></latexit>

�W⌧⌫ ⌘ �W⌧⌫

�(4,0)
W⌧⌫

= 1 +�(4,1)
W⌧⌫ +�(6,0)

W⌧⌫ +�(6,1)
W⌧⌫

Orange triangles: 
relative sign of NLO corrections

Dashes lines:
Large-MT limit

<latexit sha1_base64="ZDGddAckVfIh4YStyVeN3+fjNYs="></latexit>

µ = MW

Largest contributions from 
top loops
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Corrections for W decay - SM

24

<latexit sha1_base64="UCwkZslFk5jKh1bHIB4w/E59VFI="></latexit>

M2
W,0

v2T,0

zW

����
mt!1

⌘ M2
W

v2�


1 + v2�K

(6,0,�)
W +

1

v2�
K(4,1,�)

W +K(6,1,�)
W

�

<latexit sha1_base64="0fpZ1nsl7QnpnCAl01Ada557bc8="></latexit>

K(4,1,�)
W = ��v(4,1,�)�,t + 2�M (4,1)

W,t

<latexit sha1_base64="cSZPZEq0du1L8l2dgkmJOVOjLx4="></latexit>

K(4,1,↵)
W = �r(4,1)t ⇡ �3.4%

K(4,1,µ)
W = 0

K̂(4,1,µ)
W = � s2w

c2w
�r(4,1)t ⇡ 1.5%

<latexit sha1_base64="tihbqNFihjDXgfKD3WtIyrDqPsY="></latexit>

v2↵
v2µ

⌘ 1 +�r

Tadpole and divergence 
free

µ

‹e

‹µ

W

e

t

b

W

t

W

b

<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆
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Corrections for W decay - SMEFT
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<latexit sha1_base64="MqQlJNyNQFudvYGyRkDN2DrZmnE="></latexit>

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆

No vT 
dependence

Similar MW 
dependence

No large MT 
contribution
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Corrections for H decay - SMEFT

26

No vT 
dependence

MW 
dependence 
subdominant

<latexit sha1_base64="dq6dsUH+kxJQH5j2O3CufUTOtkM="></latexit>

�(4,0)
hbb̄

+ �(6,0)
hbb̄

=
3m2

b
MH

8⇡v2
T


1 + v2

T

✓
2CH⇤ � 1

2
CHD �

p
2
vT
mb

CdH
33

◆�

<latexit sha1_base64="RxH3qUKzzl+c6d9B6KIU25ghQA8="></latexit>

j = 1, 2
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

27

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�

Scheme 
independent

Scheme 
dependent

<latexit sha1_base64="jlp6oVbXL5FCd3jywf2A3AB7J2M="></latexit>

1

v2
↵

⇣
K(6,1)

H
+�K(6,1,↵)

H

⌘
=

⇢
� CHD(1.6 + 9.7) + (0.0� 17)CHWB

� (3.7 + 6.8)C(3)
Hq

33

+ (0.0� 8.8)(CHu
33

� C(1)
Hq

33

) + (0.0� 3.1)CuB
33

+ (�4.6 + 0.42)CuW
33

�
p
2v↵
mb

(1.8 + 1.7)CdH
33

�
⇥ 10�2 + . . .

<latexit sha1_base64="+o6n2g5jLxm6q7tKET4lPUu5Ai4="></latexit>

�K(6,1,�)
H

= K(6,1,�)
W

+ 2K(4,1)
H

K(6,0,�)
W

+
1p
2

v�
mb

K(4,1,�)
W

CdH
33

Scheme dependent  
corrections larger in 
most cases
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H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵

27

<latexit sha1_base64="cLVxdtWrZdwGUJ+MZXu2etf/1ec="></latexit>

�s

hbb̄

����
mt!1

=
3m2

b
MH

8⇡v2
�


1 + v2

�

⇣
K(6,0)

H
+K(6,0,�)

W

⌘
+

1

v2
�

⇣
K(4,1)

H
+K(4,1,�)

W

⌘

+K(6,1)
H

+�K(6,1,�)
H

�

Scheme 
independent

Scheme 
dependent

<latexit sha1_base64="jlp6oVbXL5FCd3jywf2A3AB7J2M="></latexit>

1

v2
↵

⇣
K(6,1)

H
+�K(6,1,↵)

H

⌘
=

⇢
� CHD(1.6 + 9.7) + (0.0� 17)CHWB

� (3.7 + 6.8)C(3)
Hq

33

+ (0.0� 8.8)(CHu
33

� C(1)
Hq

33

) + (0.0� 3.1)CuB
33

+ (�4.6 + 0.42)CuW
33

�
p
2v↵
mb

(1.8 + 1.7)CdH
33

�
⇥ 10�2 + . . .

<latexit sha1_base64="+o6n2g5jLxm6q7tKET4lPUu5Ai4="></latexit>

�K(6,1,�)
H

= K(6,1,�)
W

+ 2K(4,1)
H

K(6,0,�)
W

+
1p
2

v�
mb

K(4,1,�)
W

CdH
33

Scheme dependent  
corrections larger in 
most cases

SMEFT corrections come from several sources but 
some are common to all processes. 
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Why should I care? Resummation!
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• Knowing where the NLO corrections come from allows us to include 
these in the LO results already

<latexit sha1_base64="GHhSltcNoHVDrQB1cAjxgGwD/2o="></latexit>

1

v2T,0

��
mt!1 =

1

v2↵

"
1 +

1

v2T,0

�r(4,1)t

#
=

1

v2↵

"
1 +

1

v2↵
�r(4,1)t +

1

v2↵v
2
T,0

⇣
�r(4,1)t

⌘2
+ . . .

#

=
1

v2↵


1� 1

v2↵
�r(4,1)t

��1

⌘ 1

ṽ2↵

• Formulate as replacements for SMEFT
<latexit sha1_base64="Wde6BTiGHKbbzR4GnqdOeu4+NJc="></latexit>

1

v2
T

! 1

v2
�

"
1 + v2

�
K(6,0,�)

W
+

K(4,1,�)
W

v2
�

+K(6,1,�)
W

#
,

s2
w
! s2

w

✓
1� 1

v2
�

�r(4,1)
t

+�v(6,0,�)
�

�r(4,1)
t

� 2C(3)
Hq

33

�r(4,1)
t

◆
,

c2
w
! c2

w

✓
1� 1

v2
�

�⇢(4,1)
t

+�v(6,0,�)
�

�⇢(4,1)
t

� 2C(3)
Hq

33

�⇢(4,1)
t

◆
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Z decay - resummation
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<latexit sha1_base64="GHhSltcNoHVDrQB1cAjxgGwD/2o="></latexit>

1

v2T,0

��
mt!1 =

1

v2↵

"
1 +

1

v2T,0

�r(4,1)t

#
=

1

v2↵

"
1 +

1

v2↵
�r(4,1)t +

1

v2↵v
2
T,0

⇣
�r(4,1)t

⌘2
+ . . .

#

=
1

v2↵


1� 1

v2↵
�r(4,1)t

��1

⌘ 1

ṽ2↵
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Operators appearing at NLO
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W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 ops

Z

¸, q

Z

¸, q

<latexit sha1_base64="F6PHmF21HWsvY/pIt9TqR+yavjs="></latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

, C(1)
Hl
ii

, C(1)
Hq

ii

, CHe
ii

, CHu
ii

, CHd
ii

,

21 ops

µ

‹e

‹µ

W

e

q

qÕ

<latexit sha1_base64="uGeOCY0rvHBYmKYbLwnzvvr7JoI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWxRV0Wu+mygn1AE8NkOmmHTiZxZiKUkJUbf8WNC0Xc+g3u/Bunj4W2HrhwOOde7r3HjxmVyrK+jdzK6tr6Rn6zsLW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOP6hO/80CEpBG/VeOYuCEacBpQjJSWPPO47qWOTHypEB6ljXvoOLBSybK7tFQ5yzyzaJWtKeAyseekCOZoeuaX049wEhKuMENS9mwrVm6KhKKYkazgJJLEehMakJ6mHIVEuun0jQyeaqUPg0jo4gpO1d8TKQqlHIe+7gyRGspFbyL+5/USFVy5KeVxogjHs0VBwqCK4CQT2KeCYMXGmiAsqL4V4iESCCudXEGHYC++vEza52X7oly9qRZr1/M48uAInIASsMElqIEGaIIWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w/ZRpgV</latexit>

C(3)
Hq

33

1 op

MW MZ vT Total

12 29 29 29

13 30 12 33

LEP 33 30 12 33

<latexit sha1_base64="7MJvwKVl7LUUVdskB/dBSaMKx6k="></latexit>

MZ,0 = MZ

✓
1 +

1

v2�
�M (4,1)

Z +�M (6,1)
Z ��v(6,0,�)µ �M (4,1)

Z

◆

<latexit sha1_base64="5bBObmaQau7e06L5gXPxGX2GFQM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1O/yOIpwAqdwDh5cQR1uoQFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD5ILjy0=</latexit>↵

<latexit sha1_base64="E9EaBVAcRN70MPph06Hga8Mv/qs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SwX5gE8pku2mXbjZhdyOU0n/hxYMiXv033vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6Gbmt5+Y0jyRD2acsiDGgeQRp2is9OijSIfY8+OsV664VXcOskq8nFQgR6NX/vL7Cc1iJg0VqHXXc1MTTFAZTgWblvxMsxTpCAesa6nEmOlgMr94Ss6s0idRomxJQ+bq74kJxlqP49B2xmiGetmbif953cxE18GEyzQzTNLFoigTxCRk9j7pc8WoEWNLkCpubyV0iAqpsSGVbAje8surpHVR9S6rtftapX6Xx1GEEziFc/DgCupwCw1oAgUJz/AKb452Xpx352PRWnDymWP4A+fzB6O6kPI=</latexit>↵µ
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Operators appearing at NLO
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W

¸, d

W

‹¸, u

<latexit sha1_base64="a5OGgjRe4Ckiy0Wv4LsL+YEDsKI=">AAACKHicbVDLSsNAFJ3UV62vqEs3g0WoUEqiRd1Z7KbLCvYBTQyT6aQdOnk4MxFKyOe48VfciCjSrV/itM3Cth4YOJxzLnfucSNGhTSMiZZbW9/Y3MpvF3Z29/YP9MOjtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o/rU7zwTLmgYPMhxRGwfDQLqUYykkhz9tu4klohdIREeJQ0GLQtSmqaPSenyPC1DqwwXE0+LCUcvGhVjBrhKzIwUQYamo39Y/RDHPgkkZkiInmlE0k4QlxQzkhasWJBIbUID0lM0QD4RdjI7NIVnSulDL+TqBRLO1L8TCfKFGPuuSvpIDsWyNxX/83qx9G7shAZRLEmA54u8mEEZwmlrsE85wZKNFUGYU/VXiIeIIyxVtwVVgrl88ippX1TMq0r1vlqs3WV15MEJOAUlYIJrUAMN0AQtgMELeAOf4Et71d61b20yj+a0bOYYLED7+QUwsqVv</latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

6 ops

Z

¸, q

Z

¸, q

<latexit sha1_base64="F6PHmF21HWsvY/pIt9TqR+yavjs="></latexit>

C(3)
Hl
ii

, C(3)
Hq

ii

, C(1)
Hl
ii

, C(1)
Hq

ii

, CHe
ii

, CHu
ii

, CHd
ii

,

21 ops

µ

‹e

‹µ

W

e

q

qÕ

<latexit sha1_base64="uGeOCY0rvHBYmKYbLwnzvvr7JoI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWxRV0Wu+mygn1AE8NkOmmHTiZxZiKUkJUbf8WNC0Xc+g3u/Bunj4W2HrhwOOde7r3HjxmVyrK+jdzK6tr6Rn6zsLW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOP6hO/80CEpBG/VeOYuCEacBpQjJSWPPO47qWOTHypEB6ljXvoOLBSybK7tFQ5yzyzaJWtKeAyseekCOZoeuaX049wEhKuMENS9mwrVm6KhKKYkazgJJLEehMakJ6mHIVEuun0jQyeaqUPg0jo4gpO1d8TKQqlHIe+7gyRGspFbyL+5/USFVy5KeVxogjHs0VBwqCK4CQT2KeCYMXGmiAsqL4V4iESCCudXEGHYC++vEza52X7oly9qRZr1/M48uAInIASsMElqIEGaIIWwOARPINX8GY8GS/Gu/Exa80Z85lD8AfG5w/ZRpgV</latexit>

C(3)
Hq

33

1 op

Operators overlap between different inputs

Operators may overlap with those appearing in the 
bare matrix elements

MW MZ vT Total

12 29 29 29

13 30 12 33

LEP 33 30 12 33

<latexit sha1_base64="7MJvwKVl7LUUVdskB/dBSaMKx6k="></latexit>

MZ,0 = MZ

✓
1 +

1

v2�
�M (4,1)

Z +�M (6,1)
Z ��v(6,0,�)µ �M (4,1)

Z

◆

<latexit sha1_base64="5bBObmaQau7e06L5gXPxGX2GFQM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1O/yOIpwAqdwDh5cQR1uoQFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD5ILjy0=</latexit>↵

<latexit sha1_base64="E9EaBVAcRN70MPph06Hga8Mv/qs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF09SwX5gE8pku2mXbjZhdyOU0n/hxYMiXv033vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6Gbmt5+Y0jyRD2acsiDGgeQRp2is9OijSIfY8+OsV664VXcOskq8nFQgR6NX/vL7Cc1iJg0VqHXXc1MTTFAZTgWblvxMsxTpCAesa6nEmOlgMr94Ss6s0idRomxJQ+bq74kJxlqP49B2xmiGetmbif953cxE18GEyzQzTNLFoigTxCRk9j7pc8WoEWNLkCpubyV0iAqpsSGVbAje8surpHVR9S6rtftapX6Xx1GEEziFc/DgCupwCw1oAgUJz/AKb452Xpx352PRWnDymWP4A+fzB6O6kPI=</latexit>↵µ
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Electroweak schemes 
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• Compared three schemes 

•  scheme - 

•  scheme - 

• LEP scheme - 

• Scheme dependence of NLO corrections is process dependent
• However, some corrections are universal (potential for resummation)
• As a byproduct, we have derived relations that allow to shift from one 

scheme to another (based on the analytic result)

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ
<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="gOtJdnYl/oIUybVRAWMu2qv2OcI=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuChlRoq6LAgqiFDBtmJnGO6kaRuaeZBkhDIUBDf+FTcuFHHrb3DnvzHtdKGtBwIf59yQ3OPHnEllWd9Gbm5+YXEpv1xYWV1b3zA3txoySgShdRLxSNz6IClnIa0rpji9jQWFwOe06fdPR3nzngrJovBGDWLqBtANWYcRUNryzF0ndYDHPcAl7JTwuXeWwZV3h52hZxatsjUWngV7AkU0Uc0zv5x2RJKAhopwkLJlW7FyUxCKEU6HBSeRNAbShy5taQwhoNJNx2sM8b522rgTCX1Chcfu7xspBFIOAl9PBqB6cjobmf9lrUR1TtyUhXGiaEiyhzoJxyrCo05wmwlKFB9oACKY/ismPRBAlG6uoEuwp1eehcZh2T4qV64rxerlQ1ZHHu2gPXSAbHSMqugC1VAdEfSIntErejOejBfj3fjIRnPGpMJt9EfG5w/w1Zar</latexit>

{↵, GF , MZ}
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Electroweak schemes 

31

• Compared three schemes 

•  scheme - 

•  scheme - 

• LEP scheme - 

• Scheme dependence of NLO corrections is process dependent
• However, some corrections are universal (potential for resummation)
• As a byproduct, we have derived relations that allow to shift from one 

scheme to another (based on the analytic result)

<latexit sha1_base64="0ZrfvgoCsiSmm9dmAUNI78oHQVA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPPA7BJ6J7PJkNnZZWZWCEvAj/DiQRGv/o03/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmaKsQRORqHaImgkuWcNwI1g7VQzjULBWOLye+K1HpjRP5L0ZpSyIsS95xCkaKz34KNIBdv0465YrbtWdgiwTb04qMEe9W/7yewnNYiYNFah1x3NTE+SoDKeCjUt+plmKdIh91rFUYsx0kE8vHpMTq/RIlChb0pCp+nsix1jrURzazhjNQC96E/E/r5OZ6CrIuUwzwySdLYoyQUxCJu+THleMGjGyBKni9lZCB6iQGhtSyYbgLb68TJpnVe+ien53XqndPs3iKMIRHMMpeHAJNbiBOjSAgoRneIU3RzsvzrvzMWstOPMID+EPnM8fyNORbw==</latexit>↵µ
<latexit sha1_base64="zJivrUQYWNYu/ArIHkR9RpTw9bc=">AAACA3icbZBLSwMxFIXv1Fetr1F3ugkWwUUpM1LUZUFQQYQK9oGdYcikaRuaeZBkhDIUuvGvuHGhiFv/hDv/jelD0NYDgY9zbkju8WPOpLKsLyOzsLi0vJJdza2tb2xumds7NRklgtAqiXgkGj6WlLOQVhVTnDZiQXHgc1r3e+ejvP5AhWRReKf6MXUD3AlZmxGstOWZe0566V2gAnIK6Mar/8A9cgaembeK1lhoHuwp5GGqimd+Oq2IJAENFeFYyqZtxcpNsVCMcDrIOYmkMSY93KFNjSEOqHTT8Q4DdKidFmpHQp9QobH7+0aKAyn7ga8nA6y6cjYbmf9lzUS1z9yUhXGiaEgmD7UTjlSERoWgFhOUKN7XgIlg+q+IdLHAROnacroEe3bleagdF+2TYum2lC9fDyd1ZGEfDuAIbDiFMlxBBapAYAhP8AKvxqPxbLwZ75PRjDGtcBf+yPj4BkgUlS4=</latexit>

{GF , MW , MZ}
<latexit sha1_base64="WMfYlGcAlNZ7QZovB50L+4887Gw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJ6J5NkyOzsMDMrhCXgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBJqimr00QkuhWhYYJLVrfcCtZSmmEcCdaMRjdTv/nItOGJfLBjxcIYB5L3OUXrpGYHhRoi6RZLftmfgaySYEFKsECtW/zq9BKaxkxaKtCYduArG2aoLaeCTQqd1DCFdIQD1nZUYsxMmM3OnZAzp/RIP9GupCUz9fdEhrEx4zhynTHaoVn2puJ/Xju1/esw41Kllkk6X9RPBbEJmf5OelwzasXYEaSau1sJHaJGal1CBRdCsPzyKmlclIPLcuW+UqrePc3jyMMJnMI5BHAFVbiFGtSBwgie4RXePOW9eO/ex7w15y0iPIY/8D5/AA8Dj9Q=</latexit>↵

<latexit sha1_base64="PIEyKmGwXubcyfAlTXZk7c7apzE=">AAACBnicbZBLSwMxFIXv1Fetr1GXIgSL4KKUGSnqsuBGEKGCfWBnGDJppg3NPEgyQhkKghv/ihsXirj1N7jz35g+BG09EPg454bkHj/hTCrL+jJyC4tLyyv51cLa+sbmlrm905BxKgitk5jHouVjSTmLaF0xxWkrERSHPqdNv38+ypt3VEgWRzdqkFA3xN2IBYxgpS3P3HcyB/Okh1EJOSV05TV/4BY5Q88sWmVrLDQP9hSKMFXNMz+dTkzSkEaKcCxl27YS5WZYKEY4HRacVNIEkz7u0rbGCIdUutl4jSE61E4HBbHQJ1Jo7P6+keFQykHo68kQq56czUbmf1k7VcGZm7EoSRWNyOShIOVIxWjUCeowQYniAw2YCKb/ikgPC0yUbq6gS7BnV56HxnHZPilXrivF6uX9pI487MEBHIENp1CFC6hBHQg8wBO8wKvxaDwbb8b7ZDRnTCvchT8yPr4BFOCWwg==</latexit>

{↵, MW , MZ}
<latexit sha1_base64="gOtJdnYl/oIUybVRAWMu2qv2OcI=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEiuChlRoq6LAgqiFDBtmJnGO6kaRuaeZBkhDIUBDf+FTcuFHHrb3DnvzHtdKGtBwIf59yQ3OPHnEllWd9Gbm5+YXEpv1xYWV1b3zA3txoySgShdRLxSNz6IClnIa0rpji9jQWFwOe06fdPR3nzngrJovBGDWLqBtANWYcRUNryzF0ndYDHPcAl7JTwuXeWwZV3h52hZxatsjUWngV7AkU0Uc0zv5x2RJKAhopwkLJlW7FyUxCKEU6HBSeRNAbShy5taQwhoNJNx2sM8b522rgTCX1Chcfu7xspBFIOAl9PBqB6cjobmf9lrUR1TtyUhXGiaEiyhzoJxyrCo05wmwlKFB9oACKY/ismPRBAlG6uoEuwp1eehcZh2T4qV64rxerlQ1ZHHu2gPXSAbHSMqugC1VAdEfSIntErejOejBfj3fjIRnPGpMJt9EfG5w/w1Zar</latexit>

{↵, GF , MZ}

What is the influence of SMEFT@NLO on 
global fits?
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SMEFT EWPO@NLO: degeneracies

32

[Dawson, Giardino (1909.02000)], [AB, Pecjak, Scott, Smith (2305.03763)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the

definitions of Eq. 17. The contributions to the Z width are,

��(Z ! ⌫⌫)LO =
v2

⇤2

⇢
�0.3318C(1)

�l + 0.1659Cll � 0.0829C�D

�
GeV

��(Z ! ⌫⌫)NLO =
v2

⇤2

⇢
�0.3446C(1)

�l + 0.1640Cll � 0.0853C�D � 0.0003C�d � 0.0003C�e

�0.0018C(3)
�l � 0.0073C(1)

�q + 0.0054C(3)
�q + 0.0083C�u � 0.0004Cld

�0.0004Cle � 0.0061C(1)
lq � 0.0061C(3)

lq + 0.008Clu � 0.0002C�⇤ � 0.0001C�W

+0.0063C�WB + 0.0001CuW � 0.0001CW

�
GeV

��(Z ! l+l�)LO =
v2

⇤2

⇢
�0.1408C�e + 0.191C(1)

�l � 0.037C(3)
�l + 0.114Cll � 0.057C�D

�0.0713C�WB

�
GeV

��(Z ! l+l�)NLO =
v2

⇤2

⇢
�0.1596C�e + 0.1834C(1)

�l � 0.0221C(3)
�l + 0.0985Cll � 0.0508C�D

�0.0349C�WB � 0.0001C�W � 0.0002Ced � 0.0005Cee + 0.0035Ceu

�0.0002C�d � 0.0042C(1)
�q + 0.0032C(3)

�q + 0.0049C�u + 0.0002Cld

+0.0001Cle + 0.0034C(1)
lq � 0.0031C(3)

lq � 0.0045Clu � 0.0001C�⇤

�0.0027Cqe � 0.0007CuB � 0.0007CuW � 0.0001CW

�
GeV

17

SMEFT@NLO: blessing & curse precision & degeneracies

https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2305.03763
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[Bartocci, AB, Hurth (2311.04963)] 

41-parameter fit

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan+PVE

Assuming a  symmetry at the high scale
<latexit sha1_base64="IiWt8WE3O2SvEkTl9CnjiHHHE1g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FX4+MYEMRjBDcJJGuYnUySMbMzy8ysEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u8KYM21c99vJLC2vrK5l13Mbm1vbO/ndvZqWiSLUJ5JL1QixppwJ6htmOG3EiuIo5LQeDq7Gfv2RKs2kuDPDmAYR7gnWZQQbK9X84unx/Vk7X3BL7gRokXgzUoAZqu38V6sjSRJRYQjHWjc9NzZBipVhhNNRrpVoGmMywD3atFTgiOognVw7QkdW6aCuVLaEQRP190SKI62HUWg7I2z6et4bi/95zcR0L4OUiTgxVJDpom7CkZFo/DrqMEWJ4UNLMFHM3opIHytMjA0oZ0Pw5l9eJLWTkndeKt+WC5Xrp2kcWTiAQyiCBxdQgRuogg8EHuAZXuHNkc6L8+58TFszzizCffgD5/MHPnKOrw==</latexit>

U(3)5
EWPO@NLO

33

x 2.5

https://arxiv.org/abs/2311.04963
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Conclusions

34

EW input schemes for the SMEFT
• Corrections can be understood in the large-MT limit
• Possible to resum (some) corrections

• Ready to promote predictions to NLO accuracy in 
global fits



Anke Biekötter - JGU Mainz

Conclusions

34

Thank you for your attention!

EW input schemes for the SMEFT
• Corrections can be understood in the large-MT limit
• Possible to resum (some) corrections

• Ready to promote predictions to NLO accuracy in 
global fits


