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Outline
• Electroweak input parameters and their influence 

on one-loop calculations in the SMEFT
• Size of NLO corrections

• Resuming scheme-dependent NLO corrections

Based on 2305.03763, 2312.08446 and WIP with 
Benjamin Pecjak, Darren Scott and Tommy Smith

https://arxiv.org/abs/2305.03763
https://arxiv.org/abs/2312.08446
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Input schemes
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• 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?
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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)

• Practicality (parameters appearing in propagators)

• 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>
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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>
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Meet the schemes
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• 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 on-shell or  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
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<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>↵

7

• 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

ω̄e

ωµ

e

µ ω̄e

ωµ

e

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

�v(6,0,µ) = C(3)
Hl
11

+ C(3)
Hl
22

� C ll
1221
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<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>↵

7

• 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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<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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• 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/1512.02508
https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887
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<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

ωe

ωµ

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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<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

ωe

ωµ

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

�(4,0)
W⌧⌫

+ �(6,0)
W⌧⌫

=
MW

12⇡

M2
W

v2
T

✓
1 + 2v2

T
C(3)

Hl
33

◆



Anke Biekötter - KIT

Corrections for W decay - SMEFT

11

<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 large MT 
contribution
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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

No large MT 
contribution



Anke Biekötter - KIT

Corrections for W decay - SMEFT

11

<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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<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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<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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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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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>↵

13

<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

�
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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>↵

13

<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
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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>↵

13

<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="+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
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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>↵

13

<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



Anke Biekötter - KIT

H decay  scheme - SMEFT<latexit sha1_base64="CU4r384TJYwxExSQAOap+ytzkp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLt9LEsuHFZwWkL7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89UcKZNgh9OLmNza3tnfxuYW//4PCoeHzS1jJVhAZEcqm6EdaUM0EDwwyn3URRHEecdqLp1cLv3FOlmRS3ZpbQMMZjwUaMYGOldh/zZIIHxRJyUb3uIwSRW67VKmXPEr9aqaIG9Fy0RAms0RoU3/tDSdKYCkM41rrnocSEGVaGEU7nhX6qaYLJFI9pz1KBY6rDbHntHF5YZQhHUtkSBi7V7xMZjrWexZHtjLGZ6N/eQvzL66Vm1AgzJpLUUEFWi0Yph0bCxetwyBQlhs8swUQxeyskE6wwMTaggg3h61P4P2mXXa/m+jd+qRk0V3HkwRk4B5fAA3XQBNegBQJAwB14AE/g2ZHOo/PivK5ac846wlPwA87bJwI2j7M=</latexit>↵
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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
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Same large corrections in e+ e- -> Zh 
[Asteriadis, Dawson, Giardino, Szafron (2406.03557,2409.11466)] 

https://arxiv.org/abs/2406.03557
https://arxiv.org/abs/2409.11466
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[Mildner (2412.07651)] 

0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4

Wilson coefficient constraint NLO (95% CL)

Hbc

(3)
HQc

(1)
HQc

Hdc
Huc

(3)
Hqc

(1)
Hqc

ll,1221c
He,33c

(3)
Hl,33c

(1)
Hl,33c

He,22c

(3)
Hl,22c

(1)
Hl,22c

He,11c

(3)
Hl,11c

(1)
Hl,11c

HDc
HWBc

}
Z

,Mµ,Gα{

}
Z

,Mµ,G
W

{M

}
Z

,M
W

,Mα{

}
Z

,Mµ,Geff
lθ

2{sin

}
Z

,Mα,eff
lθ

2{sin

Electroweak precision observables in different schemes

https://arxiv.org/abs/2412.07651
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EW input schemes for the SMEFT
• Corrections can be understood in the large-MT limit
• Possible to resum (some) corrections

• EWPO@NLO: analytic results to be published soon
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Conclusions
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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

• EWPO@NLO: analytic results to be published soon
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O = (ω†ω)|Dµω|
2

• Enters MW and MZ shift, thereby enters GF
• Partial cancellations of shifts


