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Outline

I. Mixing   (          )



II. Heavy scalars with vev:
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I.  Mixing
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. SMEFT assumes a Higgs doublet, so any mixing among scalars (in general among heavy and light      
degrees of freedom) in the high-energy theory brings us to the HEFT/SMEFT dichotomy. Although 
there is a wide class of BSM models that support the linear SMEFT description, this realization does 
not always provide the appropriate framework. 

The important point to stress is that the EFT extension of X, as defined in Eq.(1), requires absence of 
mixing between heavy and light degrees of freedom. 

To summarize, if X is the SM and we have in mind an X ʹ′ without mixing, then the EFT extension of 
the SM is what we call SMEFT. 

Passarino, 2019

SMEFT at O ︎1/Λ2︎ reproduces the effect of scalar mixing on interactions involving one light Higgs 
scalar, but fails otherwise 

Is mixing an issue?
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Mass eigenstates H, h’

Integrate H out

Heavy scalar singlet

Integrate    out

�
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HEFT (h’ is not part of a 
doublet)

SMEFT �
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��†� !
p
2v�h

<latexit sha1_base64="YphcloUO1TN7xWjatVp6281pfJA="></latexit><latexit sha1_base64="7laqMN2ZmHWrUiLdhsXGEbvpomM="></latexit><latexit sha1_base64="7laqMN2ZmHWrUiLdhsXGEbvpomM="></latexit>

� ̄R�qL ! 1p
2
�v ̄RqL

<latexit sha1_base64="j6sFDKT77VhF9YSwkSntLzLMKh0="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="bc7eh2/3vltQbBGUTaMbC6iE2Xw=">AAAB43icbVBNS8NAEJ34WeNX9eplsQieSuJFvQlePFYwttCGstls2qWb3bA7EUroH/DgRfHqf/Lmv3H7AWrrg4HHezPMzEsKKSwGwZe3tr6xubVd2/F39/z9g8P60aPVpWE8Ylpq00mo5VIoHqFAyTuF4TRPJG8no9up337ixgqtHnBc8DinAyUywSg6qdWvN4JmMANZJeGCNGCBfv2zl2pW5lwhk9TabhgUGFfUoGCST/xeaXlB2YgOeNdRRXNu42p25oScOSUlmTauFJKZ+nuiorm14zxxnTnFoV32puJ/XrfE7CquhCpK5IrNF2WlJKjJ9GeSCsMZyrEjlBnhbiVsSA1l6JLxXQbh8serJLpoXjeD+58soAYncArnEMIl3MAdtCACBik8w6s39F68N+993rjmLSaO4Q+8j2+HZIrV</latexit><latexit sha1_base64="9qaU6BRbmJ9xRiQuY1R+XGgmPdA="></latexit><latexit sha1_base64="H6plME/aixWXGL26FbYIqV2MMEs="></latexit><latexit sha1_base64="8Gl2vqb9YKt1utEBwzu6R0RGrn0="></latexit><latexit sha1_base64="8Gl2vqb9YKt1utEBwzu6R0RGrn0="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit>

Many other examples in SM extensions 
with new fermions or bosons
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� ̄R�qL ! 1p
2
�v ̄RqL

<latexit sha1_base64="j6sFDKT77VhF9YSwkSntLzLMKh0="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="bc7eh2/3vltQbBGUTaMbC6iE2Xw=">AAAB43icbVBNS8NAEJ34WeNX9eplsQieSuJFvQlePFYwttCGstls2qWb3bA7EUroH/DgRfHqf/Lmv3H7AWrrg4HHezPMzEsKKSwGwZe3tr6xubVd2/F39/z9g8P60aPVpWE8Ylpq00mo5VIoHqFAyTuF4TRPJG8no9up337ixgqtHnBc8DinAyUywSg6qdWvN4JmMANZJeGCNGCBfv2zl2pW5lwhk9TabhgUGFfUoGCST/xeaXlB2YgOeNdRRXNu42p25oScOSUlmTauFJKZ+nuiorm14zxxnTnFoV32puJ/XrfE7CquhCpK5IrNF2WlJKjJ9GeSCsMZyrEjlBnhbiVsSA1l6JLxXQbh8serJLpoXjeD+58soAYncArnEMIl3MAdtCACBik8w6s39F68N+993rjmLSaO4Q+8j2+HZIrV</latexit><latexit sha1_base64="9qaU6BRbmJ9xRiQuY1R+XGgmPdA="></latexit><latexit sha1_base64="H6plME/aixWXGL26FbYIqV2MMEs="></latexit><latexit sha1_base64="8Gl2vqb9YKt1utEBwzu6R0RGrn0="></latexit><latexit sha1_base64="8Gl2vqb9YKt1utEBwzu6R0RGrn0="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit><latexit sha1_base64="2dukQV+a7ZbR3FVl0NFAD7gT3Y4="></latexit>

Mass eigenstates H, h’

Integrate H out

Heavy scalar singlet

Integrate    out

�
<latexit sha1_base64="8yHlZrLHZi1wbSl60yiKVA/xWWw=">AAAB6nicdVBNS8NAEJ34WeNX1aOXxSJ4CptCtT2IRS8eKxhbaEPZbDfN0s0HuxuhhIK/wIsHFa/+F+/e/DcmbQUVfTDweG+GeTNeIrjSGH8YC4tLyyurpTVzfWNza7u8s3uj4lRS5tBYxLLjEcUEj5ijuRask0hGQk+wtje6KPz2LZOKx9G1HifMDckw4j6nRBdSrxXwfrmCLTwFwla1hhv1gtSw3Ti2kT23Kmdv5ukdALT65ffeIKZpyCJNBVGqa+NEuxmRmlPBJmYvVSwhdESGrJvTiIRMudk06wQd5soA+bHMK9Joqn6fyEio1Dj08s6Q6ED99grxL6+bar/uZjxKUs0iOlvkpwLpGBWHowGXjGoxzgmhkudZEQ2IJFTn7zHzJ3xdiv4nTtVqWPgKV5rnMEMJ9uEAjsCGE2jCJbTAAQoB3MMjPBmh8WA8Gy+z1gVjPrMHP2C8fgL9iI/p</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit>

HEFT (h’ is not part of a 
doublet)

SMEFT �
<latexit sha1_base64="8yHlZrLHZi1wbSl60yiKVA/xWWw=">AAAB6nicdVBNS8NAEJ34WeNX1aOXxSJ4CptCtT2IRS8eKxhbaEPZbDfN0s0HuxuhhIK/wIsHFa/+F+/e/DcmbQUVfTDweG+GeTNeIrjSGH8YC4tLyyurpTVzfWNza7u8s3uj4lRS5tBYxLLjEcUEj5ijuRask0hGQk+wtje6KPz2LZOKx9G1HifMDckw4j6nRBdSrxXwfrmCLTwFwla1hhv1gtSw3Ti2kT23Kmdv5ukdALT65ffeIKZpyCJNBVGqa+NEuxmRmlPBJmYvVSwhdESGrJvTiIRMudk06wQd5soA+bHMK9Joqn6fyEio1Dj08s6Q6ED99grxL6+bar/uZjxKUs0iOlvkpwLpGBWHowGXjGoxzgmhkudZEQ2IJFTn7zHzJ3xdiv4nTtVqWPgKV5rnMEMJ9uEAjsCGE2jCJbTAAQoB3MMjPBmh8WA8Gy+z1gVjPrMHP2C8fgL9iI/p</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit>

Many other examples in SM extensions 
with new fermions or bosons

��†� !
p
2v�h

<latexit sha1_base64="YphcloUO1TN7xWjatVp6281pfJA="></latexit><latexit sha1_base64="7laqMN2ZmHWrUiLdhsXGEbvpomM="></latexit><latexit sha1_base64="7laqMN2ZmHWrUiLdhsXGEbvpomM="></latexit>

Equivalent?
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Z[J ] =

Z
D�D� exp{iSUV[�,�] + J↵�

↵}

=

Z
exp{Se↵ [�] + J↵�

↵}
<latexit sha1_base64="qmfnOPE7x4xLeFCw+/bwl3sZynI="></latexit><latexit sha1_base64="qmfnOPE7x4xLeFCw+/bwl3sZynI="></latexit><latexit sha1_base64="qmfnOPE7x4xLeFCw+/bwl3sZynI="></latexit>

<latexit sha1_base64="1mkXCXxsCou0YDYXTY9MLa0o/bA=">AAACLHicbVDLSgMxFM34rPVVdekmWIQWpMy4URdCURGXFawtdGrJZO50QjMPkoxQhv6QG39FBBdV3PodptNZ1NYDgcM55yY3x4k5k8o0x8bS8srq2npho7i5tb2zW9rbf5RRIig0acQj0XaIBM5CaCqmOLRjASRwOLScwfXEbz2DkCwKH9Qwhm5A+iHzGCVKS73STcVu+OzEjn1WxamdXZgKcEfYVtEIZ+6THQsWQBbKefXydmawVyqbNTMDXiRWTsooR6NXerfdiCYBhIpyImXHMmPVTYlQjHIYFe1EQkzogPSho2lIApDdNFtuhI+14mIvEvqECmfq7ERKAimHgaOTAVG+nPcm4n9eJ1HeeTdlYZwoCOn0IS/hWEV4Uh12mQCq+FATQgXTu2LqE0Go0gUXdQnW/JcXSfO0dlEz781y/Spvo4AO0RGqIAudoTq6Qw3URBS9oDc0Rp/Gq/FhfBnf0+iSkc8coD8wfn4BqeinXQ==</latexit>

new low-energy interpolating field

<latexit sha1_base64="+YhSw7mdviC2Z8XZ1FvEKyGGVu8="></latexit>

<latexit sha1_base64="I8UcdQliX2Ayb0UPHeJQWsVrHZg=">AAAB93icbVDLSsNAFJ3UV62PRl26GSyCqzARX90V3bisYGyxiWUynbRDZ5IwMxFq6Je4caHi1l9x5984bQNq9cCFwzn3cu89YcqZ0gh9WqWFxaXllfJqZW19Y7Nqb23fqCSThHok4Ylsh1hRzmLqaaY5baeSYhFy2gqHFxO/dU+lYkl8rUcpDQTuxyxiBGsjde3q7Z2fSiYo9BUT8LZr15BzjNz6iQuRg6b4Jm5BaqBAs2t/+L2EZILGmnCsVMdFqQ5yLDUjnI4rfqZoiskQ92nH0BgLqoJ8evgY7hulB6NEmoo1nKo/J3IslBqJ0HQKrAdq3puI/3mdTEdnQc7iNNM0JrNFUcahTuAkBdhjkhLNR4ZgIpm5FZIBlphok1XFhODOv/yXeIdO3UFXR7XGeZFGGeyCPXAAXHAKGuASNIEHCMjAI3gGL9aD9WS9Wm+z1pJVzOyAX7DevwCctJKa</latexit>

<latexit sha1_base64="jkb52WvNjIc8IRtUPeQ80ZjNdEI=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRIR1F3RjcsKxhaSWCbTSTt0XsxMhBL6GW5cqLj1b9z5N07bLLT1wIXDOfdy7z2pYtRY3//2Kiura+sb1c3a1vbO7l59/+DByFxjEmLJpO6myBBGBQkttYx0lSaIp4x00tHN1O88EW2oFPd2rEjC0UDQjGJknRTFakgfY6UpJ716w2/6M8BlEpSkAUq0e/WvuC9xzomwmCFjosBXNimQthQzMqnFuSEK4REakMhRgTgxSTE7eQJPnNKHmdSuhIUz9fdEgbgxY566To7s0Cx6U/E/L8ptdpkUVKjcEoHni7KcQSvh9H/Yp5pgy8aOIKypuxXiIdIIW5dSzYUQLL68TMKz5lXTvztvtK7LNKrgCByDUxCAC9ACt6ANQoCBBM/gFbx51nvx3r2PeWvFK2cOwR94nz/h3pEv</latexit>

<latexit sha1_base64="+3tm9tNuiBhhCqxF7oL3FEvAlag=">AAAB+HicbVBNSwMxFHxbv2r9WvXoJVgET2UrgnorevFY0bWFdinZNNuGJtklyRbKsv/EiwcVr/4Ub/4bs20RbR0IDDPv8SYTJpxp43lfTmlldW19o7xZ2dre2d1z9w8edZwqQn0S81i1Q6wpZ5L6hhlO24miWISctsLRTeG3xlRpFssHM0loIPBAsogRbKzUc937XtYV2AyVyGgU5XnPrXo1bwr0Q+qLpApzNHvuZ7cfk1RQaQjHWnfqXmKCDCvDCKd5pZtqmmAywgPasVRiQXWQTZPn6MQqfRTFyj5p0FT9vZFhofVEhHayCKkXvUL8z+ukJroMMiaT1FBJZoeilCMTo6IG1GeKEsMnlmCimM2KyBArTIwtq2JLWPryMvHPalc17+682riet1GGIziGU6jDBTTgFprgA4ExPMELvDqZ8+y8Oe+z0ZIz3zmEP3A+vgGbj5PX</latexit>

<latexit sha1_base64="tSN9SiEvObjFFzEbfVCYrbWQLfs=">AAAB/3icbVBNS8NAEN3Ur1q/oh48eFksgqeSiqDeil48VjS20MSy2U7apbtJ2N0IJeTiX/HiQcWrf8Ob/8ZNW0RbHww83pthZl6QcKa043xZpYXFpeWV8mplbX1jc8ve3rlTcSopuDTmsWwHRAFnEbiaaQ7tRAIRAYdWMLws/NYDSMXi6FaPEvAF6UcsZJRoI3XtvZt7L5FMQDfzBNEDKTIIwzzv2lWn5oyBf0h9llTRFM2u/en1YpoKiDTlRKlO3Um0nxGpGeWQV7xUQULokPShY2hEBCg/Gz+Q40Oj9HAYS1ORxmP190RGhFIjEZjO4kg16xXif14n1eGZn7EoSTVEdLIoTDnWMS7SwD0mgWo+MoRQycytmA6IJFSbzComhLmX54l7XDuvOdcn1cbFNI0y2kcH6AjV0SlqoCvURC6iKEdP6AW9Wo/Ws/VmvU9aS9Z0Zhf9gfXxDSArlvQ=</latexit>

and       equivalent

In fact,     exists such that 
<latexit sha1_base64="rp18ZO5eIZPH7pARJCXAwt6iU3E=">AAAB53icdVDLSgNBEOyNrxhfUY9eBoPgaZkNRpNb0IMeE3CNkCxhdjKbjJl9MDMrhCVf4MWDild/yZt/42wSQUULGoqqbrq7/ERwpTH+sApLyyura8X10sbm1vZOeXfvRsWppMylsYjlrU8UEzxiruZasNtEMhL6gnX88UXud+6ZVDyOrvUkYV5IhhEPOCXaSO3LfrmCbTwDwna1hhv1nNSw0zh1kLOwKrBAq19+7w1imoYs0lQQpboOTrSXEak5FWxa6qWKJYSOyZB1DY1IyJSXzQ6doiOjDFAQS1ORRjP1+0RGQqUmoW86Q6JH6reXi3953VQHdS/jUZJqFtH5oiAVSMco/xoNuGRUi4khhEpubkV0RCSh2mRTMiF8fYr+J27Vbti4fVJpni/SKMIBHMIxOHAGTbiCFrhAgcEDPMGzdWc9Wi/W67y1YC1m9uEHrLdPS9KMzA==</latexit>

<latexit sha1_base64="/zpR5tB0oNRL1L0a0zemf02Rr7Q="></latexit>

(J.M. Lizana)
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Mass eigenstates H, h’

Integrate H out

Heavy scalar singlet

Integrate    out

�
<latexit sha1_base64="8yHlZrLHZi1wbSl60yiKVA/xWWw=">AAAB6nicdVBNS8NAEJ34WeNX1aOXxSJ4CptCtT2IRS8eKxhbaEPZbDfN0s0HuxuhhIK/wIsHFa/+F+/e/DcmbQUVfTDweG+GeTNeIrjSGH8YC4tLyyurpTVzfWNza7u8s3uj4lRS5tBYxLLjEcUEj5ijuRask0hGQk+wtje6KPz2LZOKx9G1HifMDckw4j6nRBdSrxXwfrmCLTwFwla1hhv1gtSw3Ti2kT23Kmdv5ukdALT65ffeIKZpyCJNBVGqa+NEuxmRmlPBJmYvVSwhdESGrJvTiIRMudk06wQd5soA+bHMK9Joqn6fyEio1Dj08s6Q6ED99grxL6+bar/uZjxKUs0iOlvkpwLpGBWHowGXjGoxzgmhkudZEQ2IJFTn7zHzJ3xdiv4nTtVqWPgKV5rnMEMJ9uEAjsCGE2jCJbTAAQoB3MMjPBmh8WA8Gy+z1gVjPrMHP2C8fgL9iI/p</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit><latexit sha1_base64="3mv+lchHtjECiBE17adZvrtWxN0=">AAAB6nicdVBNS8NAEN3Urxq/qh69LBbBU9gUqu1BLHrxWMHYQhvKZrtplu4mYXcjlNK/4MWDikf9L969iP/GTVtBRR8MPN6bYd5MkHKmNEIfVmFhcWl5pbhqr61vbG6VtneuVZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD89xv3VCpWBJf6VFKfYEHMQsZwTqXus2I9Upl5KApIHIqVVSv5aSK3PqRC925VT59tU/S53e72Su9dfsJyQSNNeFYqY6LUu2PsdSMcDqxu5miKSZDPKAdQ2MsqPLH06wTeGCUPgwTaSrWcKp+nxhjodRIBKZTYB2p314u/uV1Mh3W/DGL00zTmMwWhRmHOoH54bDPJCWajwzBRDKTFZIIS0y0eY9tnvB1KfyfeBWn7qBLVG6cgRmKYA/sg0PggmPQABegCTxAQARuwT14sIR1Zz1aT7PWgjWf2QU/YL18Au2jkV0=</latexit>
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A Simple example of reparametrization invariance

We describe here an example of a field redefinition in a simple quantum field theory demon-

strating explicitly some of the features explained in section 2. We start with a free massless

real scalar field φ. Its generating function is

Z[J ] =

∫
Dφ exp

(
− i

2
φx(!φ)x + Jxφ

x

)
. (A.1)

A change of variables φ → φ+(1/m2)(!φ+gφ3) in the path integral gives the following

expression, where we have used equation (2.3):

Z[J ] =

∫
DφDcDc̄ exp

(
iS[φ, c, c̄] + Jxφ

x +
1

m2
Jx!φx +

g

m2
Jx(φ

3)x
)
, (A.2)

where S[φ, c, c̄] = Sφ[φ] + Sc[φ, c, c̄] is given by

Sφ = −
∫

ddx

[
1

2
φ!

(
1 +

!
m2

)2

φ+
g

m2
φ3!

(
1 +

!
m2

)
φ+

g2

2m4
φ3!φ3

]
, (A.3)

Sc = −
∫

ddx
[
c̄(!+m2)c+ 3gφ2c̄c

]
. (A.4)

We have normalized c to have a canonical kinetic term. The momentum-space connected

Green functions are defined as

G(n)(p1, . . . , pn) = ax1(p1) · · · axn(pn)
δnW

δJx1 · · · δJxn

, (A.5)

where ax(p) = eipx and W [J ] = −i logZ[J ]. Let us show diagrammatically that using

expression eq. (A.2) for Z to compute G(n) gives the same result as using the original form

eq. (A.1).

G(n) is the sum over all connected diagrams with n sources constructed using the

Feynman rules collected in figure 1. The propagator ∆φ(p) for φ contains the physical pole

at p2 = 0 but also a new (double) pole at p2 = m2 that was not present originally. This

problematic behavior will be canceled by the momentum dependent vertices and the pole

at the same point of the ghost propagator ∆c(p).

There are several cancellations between subgraphs of the diagrams we are considering.

This is just an example of the more general case nicely discussed in [11]. Three of these

cancelllations are shown in figure 2. From the first two equations in this figure, it follows

that we can obtain the full result by summing over a subset of all diagrams: those that do

not contain 3-line sources, 6-line vertices, any arrows in external lines or two arrows in the

same internal line. In other words, we only need to consider diagrams with 1-line sources,

4-line vertices, no arrows in external lines and at most one arrow in each internal line.

For any diagram, let V be the number of vertices, I the number of internal lines and

L the number of loops. We have the relation

V − I + L = 1. (A.6)

– 29 –

Consider this action…
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Consider this action…

So, same on-shell amplitudes as 
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The equivalence Z ∼ Z ′ can also be checked using the condition (stated in section 3)

that the derivative of the action with respect to a parameter is proportional to the equation

of motion if and only if the parameter is redundant. In this case,

∂Sφ

∂(1/m2)
=

δSφ

δφx

(
!φ+gφ3− 1

m2

[
!2φ+3gφ2!φ+g!φ3+3g2φ5

])x

+O

(
1

m4

)
, (A.10)

which means that the parameter 1/m2 of the action Sφ is redundant. For the parameter g,

a similar equation (of the form ∂Sφ/∂g ∝ δSφ/δφ) can be obtained. However, this is not

necessary to eliminate g from Sφ because 1/m2 can be taken to be zero (as it is redundant)

and then Sφ becomes independent of g.

B Insertions of the equation-of-motion operator in on-shell amplitudes

In ref. [35] (see also ref. [39]) it is proven that the S matrix with one insertion of an operator

proportional to the equation of motion vanishes. This is not true, however, for two or more

insertions. We check here both statements in the case proposed in exercise 6.1 of [39]. We

will compute connected momentum-space Green functions G(m,n) in the theory

Z[Jφ, Jθ] =

∫
Dφ exp

(
iS[φ] + Jφ

xφ
x + Jθ

xθ
x
)

(B.1)

S[φ] = −
∫

d4x

(
1

2
φ(!+m2)φ+

λ

4!
φ4

)
, (B.2)

θ = φ
δS

δφ
= −φ(!+m2)φ− λ

3!
φ4. (B.3)

They are defined in eq. (A.5). The corresponding Feynman rules are presented in figure 3.

We will calculate G(4,1) and G(4,2). The relevant diagrams are shown in figure 4. In terms

of them, the Green functions are

G(4,1) = A+
4∑

r=1

Br, (B.4)

G(4,2) =
4∑

r=1

2∑

k=1

Crk +
4∑

r=1

2∑

k,l=1
k ̸=l

Drkl +
4∑

r,s=1
s>r

2∑

k,l=1
k ̸=l

Erskl. (B.5)

The S matrix is obtained by taking the residue when all pi go on-shell. Let Res be the

operation

Res(G) = lim
p21→m2

lim
p22→m2

lim
p23→m2

lim
p24→m2

[(
4∏

i=1

(p2i −m2)

)
G

]
. (B.6)

Applying it to each diagram gives

Res(A) = −4λ, Res(Br) = λ, (B.7)

Res(Crk) = −4iλ, Res(Erskl) = iλ, (B.8)

Res(Drkl) = iλ

(
1 +

(ql + pr)2 −m2

(ql + qk + pr)2 −m2

)
, (B.9)

– 32 –

 (…)Actually, m is redundant: 
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Coleman, Wess, Zumino, 1969


Alonso, Jenkins, Manohar, 2016



Falkowski, Rattazzi, 2019

HEFT is SMEFT when there exists an


SU(2)xU(1) invariant fixed point in the scalar manifold.



Then, there is a field redefinition giving rise to a Lagrangian 
analytic at  



in a Higgs field   transforming linearly as a doublet
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A quantum phase transition?
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<latexit sha1_base64="IY9yD5G5A+VvsJehZ/G04wfSTfY=">AAACHnicbVDLSsNAFJ34rPVVdelmsAi6KYmIj4UgutBlRWMLSQg304kdnEnCzEQoIX/ixl9x40JFcKV/46TtwteBgXPPuZc790QZZ0rb9qc1MTk1PTNbm6vPLywuLTdWVq9VmktCXZLyVHYjUJSzhLqaaU67maQgIk470e1p5XfuqFQsTa70IKOBgJuExYyANlLY2LsMC1+A7ktR0DguS8/P+izAR9g/AyEgrErPj0AWfrvPyq2q3g7CRtNu2UPgv8QZkyYaox023v1eSnJBE004KOU5dqaDAqRmhNOy7ueKZkBu4YZ6hiYgqAqK4X0l3jRKD8epNC/ReKh+nyhAKDUQkemsTlG/vUr8z/NyHR8EBUuyXNOEjBbFOcc6xVVYuMckJZoPDAEimfkrJn2QQLSJtG5CcH6f/Je4O63Dln2x2zw+GadRQ+toA20hB+2jY3SO2shFBN2jR/SMXqwH68l6td5GrRPWeGYN/YD18QXcE6ML</latexit>

with
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Non-convex potential 


when HEFT

This occurs for instance in GUT →SMEFT or in SMEFT → LEFT


and in limiting flat case: usual examples with fields taking mass from EWSB

Convex potential for all 
<latexit sha1_base64="zchtHbiWXrzvQbhlTuWPxfPwWYY=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BIvgackWq+2t6MVjBdcW2qVk02w3NMkuSVYopX/BiwcVr/4ib/4bs+0KKvpg4PHeDDPzwpQzbRD6cEorq2vrG+XNytb2zu5edf/gTieZItQnCU9UL8Saciapb5jhtJcqikXIaTecXOV+954qzRJ5a6YpDQQeSxYxgk0uDdKYDas15KIFIHLrDdRq5qSBvNa5B73CqoECnWH1fTBKSCaoNIRjrfseSk0ww8owwum8Msg0TTGZ4DHtWyqxoDqYLW6dwxOrjGCUKFvSwIX6fWKGhdZTEdpOgU2sf3u5+JfXz0zUDGZMppmhkiwXRRmHJoH543DEFCWGTy3BRDF7KyQxVpgYG0/FhvD1Kfyf+HW35aKbs1r7skijDI7AMTgFHrgAbXANOsAHBMTgATyBZ0c4j86L87psLTnFzCH4AeftE8H9jkA=</latexit>

SMEFT

it becomes non-convex 


for large

SMEFT

it becomes non-convex


for 

<latexit sha1_base64="zchtHbiWXrzvQbhlTuWPxfPwWYY=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BIvgackWq+2t6MVjBdcW2qVk02w3NMkuSVYopX/BiwcVr/4ib/4bs+0KKvpg4PHeDDPzwpQzbRD6cEorq2vrG+XNytb2zu5edf/gTieZItQnCU9UL8Saciapb5jhtJcqikXIaTecXOV+954qzRJ5a6YpDQQeSxYxgk0uDdKYDas15KIFIHLrDdRq5qSBvNa5B73CqoECnWH1fTBKSCaoNIRjrfseSk0ww8owwum8Msg0TTGZ4DHtWyqxoDqYLW6dwxOrjGCUKFvSwIX6fWKGhdZTEdpOgU2sf3u5+JfXz0zUDGZMppmhkiwXRRmHJoH543DEFCWGTy3BRDF7KyQxVpgYG0/FhvD1Kfyf+HW35aKbs1r7skijDI7AMTgFHrgAbXANOsAHBMTgATyBZ0c4j86L87psLTnFzCH4AeftE8H9jkA=</latexit>

<latexit sha1_base64="PZtMPT/jyrT6A7He+S5HgPQ//iM=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgackWqi14KHrxWMG1lXYp2TTbhibZJckWSumv8OJBxat/x5v/xmy7goo+GHi8N8PMvDDhTBuEPpzCyura+kZxs7S1vbO7V94/uNNxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOx1eZ355QpVksb800oYHAQ8kiRrCx0n0vGTF4ASewX64gFy0AkVutoUY9IzXkNc486OVWBeRo9cvvvUFMUkGlIRxr3fVQYoIZVoYRTuelXqppgskYD2nXUokF1cFscfAcnlhlAKNY2ZIGLtTvEzMstJ6K0HYKbEb6t5eJf3nd1ET1YMZkkhoqyXJRlHJoYph9DwdMUWL41BJMFLO3QjLCChNjMyrZEL4+hf8Tv+o2XHSDKs3LPI0iOALH4BR44Bw0wTVoAR8QIMADeALPjnIenRfnddlacPKZQ/ADztsnIbyPgA==</latexit>

SMEFT but expansion in 
field not convergent for 
relevant values of     ! 

<latexit sha1_base64="zchtHbiWXrzvQbhlTuWPxfPwWYY=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BIvgackWq+2t6MVjBdcW2qVk02w3NMkuSVYopX/BiwcVr/4ib/4bs+0KKvpg4PHeDDPzwpQzbRD6cEorq2vrG+XNytb2zu5edf/gTieZItQnCU9UL8Saciapb5jhtJcqikXIaTecXOV+954qzRJ5a6YpDQQeSxYxgk0uDdKYDas15KIFIHLrDdRq5qSBvNa5B73CqoECnWH1fTBKSCaoNIRjrfseSk0ww8owwum8Msg0TTGZ4DHtWyqxoDqYLW6dwxOrjGCUKFvSwIX6fWKGhdZTEdpOgU2sf3u5+JfXz0zUDGZMppmhkiwXRRmHJoH543DEFCWGTy3BRDF7KyQxVpgYG0/FhvD1Kfyf+HW35aKbs1r7skijDI7AMTgFHrgAbXANOsAHBMTgATyBZ0c4j86L87psLTnFzCH4AeftE8H9jkA=</latexit>

<latexit sha1_base64="lbp1zzxUZAtp5cEbQ+Y9XCT7Cnw=">AAAB73icdVBNSwMxEM36WetX1aOXYBE8LdlCtT0IRS8eK7i20i4lm2bb0CS7JFmhLP0VXjyoePXvePPfmG1XUNEHA4/3ZpiZFyacaYPQh7O0vLK6tl7aKG9ube/sVvb2b3WcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyWXud+6p0iyWN2aa0EDgkWQRI9hY6a6fjBk8hwgOKlXkojkgcmt11GzkpI685qkHvcKqggLtQeW9P4xJKqg0hGOtex5KTJBhZRjhdFbup5ommEzwiPYslVhQHWTzg2fw2CpDGMXKljRwrn6fyLDQeipC2ymwGevfXi7+5fVSEzWCjMkkNVSSxaIo5dDEMP8eDpmixPCpJZgoZm+FZIwVJsZmVLYhfH0K/yd+zW266BpVWxdFGiVwCI7ACfDAGWiBK9AGPiBAgAfwBJ4d5Tw6L87ronXJKWYOwA84b5+5G487</latexit>

Typically, we have a useful SMEFT if heavy scalar 


has large gauge-invariant mass 

<latexit sha1_base64="j5n4ZeMvVO7igezRjwPR+y93BEo=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiRQbXdFN26ECsYW0rRMppN06OTBzKRQQj/DjQsVt/6NO//GSRtBRQ9cOJxzL/fe46ecSYXQh7Gyura+sVnZqm7v7O7t1w4O72WSCUIdkvBE9HwsKWcxdRRTnPZSQXHkc9r1J1eF351SIVkS36lZSr0IhzELGMFKS+7NwIb9MITTgT2s1ZGJFoDItBuo1SxIA1mtcwtapVUHJTrD2nt/lJAsorEiHEvpWihVXo6FYoTTebWfSZpiMsEhdTWNcUSlly9OnsNTrYxgkAhdsYIL9ftEjiMpZ5GvOyOsxvK3V4h/eW6mgqaXszjNFI3JclGQcagSWPwPR0xQovhME0wE07dCMsYCE6VTquoQvj6F/xPHNlsmukX19mWZRgUcgxNwBixwAdrgGnSAAwhIwAN4As+GMh6NF+N12bpilDNH4AeMt09eZ5Ay</latexit>
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Example: SM extension with scalar triplet

For any sign of μ2, convex in Σ for any 
<latexit sha1_base64="zchtHbiWXrzvQbhlTuWPxfPwWYY=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BIvgackWq+2t6MVjBdcW2qVk02w3NMkuSVYopX/BiwcVr/4ib/4bs+0KKvpg4PHeDDPzwpQzbRD6cEorq2vrG+XNytb2zu5edf/gTieZItQnCU9UL8Saciapb5jhtJcqikXIaTecXOV+954qzRJ5a6YpDQQeSxYxgk0uDdKYDas15KIFIHLrDdRq5qSBvNa5B73CqoECnWH1fTBKSCaoNIRjrfseSk0ww8owwum8Msg0TTGZ4DHtWyqxoDqYLW6dwxOrjGCUKFvSwIX6fWKGhdZTEdpOgU2sf3u5+JfXz0zUDGZMppmhkiwXRRmHJoH543DEFCWGTy3BRDF7KyQxVpgYG0/FhvD1Kfyf+HW35aKbs1r7skijDI7AMTgFHrgAbXANOsAHBMTgATyBZ0c4j86L87psLTnFzCH4AeftE8H9jkA=</latexit>

However, 
hep-ph/0504286, hep-ph/0604102, hep-ph/0605302,

arXiv:0707.2323, arXiv:0712.0546, arXiv:0809.4185

Dawson et al, Chankowski et al, Chivukula et al find non-decoupling 
behaviour at one loop:            when 

Chankowski, Pokorski, Wagner, 2007

There are custodial-breaking contributions to Green functions that 
cannot be reproduced by SMEFT in the limit (the SM). They can be 
reproduced by HEFT at leading order

<latexit sha1_base64="I9KGS1kYBZLK1JAxbPwLIIQppLY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx4rGFtIQtlsJ+3SzW7c3Qgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZenHGmjet+O5WV1bX1jepmbWt7Z3evvn/woGWuKPhUcqm6MdHAmQDfMMOhmykgacyhE49upn7nCZRmUtybcQZRSgaCJYwSY6UgVEOJQwGP2OvVG27TnQEvE68kDVSi3at/hX1J8xSEoZxoHXhuZqKCKMMoh0ktzDVkhI7IAAJLBUlBR8Xs5Ak+sUofJ1LZEgbP1N8TBUm1Hqex7UyJGepFbyr+5wW5SS6jgoksNyDofFGSc2wknv6P+0wBNXxsCaGK2VsxHRJFqLEp1WwI3uLLy8Q/a1413bvzRuu6TKOKjtAxOkUeukAtdIvayEcUSfSMXtGbY5wX5935mLdWnHLmEP2B8/kDwPGQcQ==</latexit>

<latexit sha1_base64="3UUv8f64hp4442dGPxUDs7MjjcA=">AAACAHicbVDNSgMxGMzWv1r/Vr0IXoJF8FR2vai3ohcvQgXXFrpLyabZNjTJhiQrLEu9+CpePKh49TG8+Tam7R60dSAwzHwfX2Ziyag2nvftVJaWV1bXquu1jc2t7R13d+9ep5nCJMApS1UnRpowKkhgqGGkIxVBPGakHY+uJn77gShNU3FnckkijgaCJhQjY6WeexCOkJQIhppyeANDk8KQisTkPbfuNbwp4CLxS1IHJVo99yvspzjjRBjMkNZd35MmKpAyFDMyroWZJhLhERqQrqUCcaKjYppgDI+t0odJquwTBk7V3xsF4lrnPLaTHJmhnvcm4n9eNzPJeVRQITNDBJ4dSjIGbc5JHbBPFcGG5ZYgrKj9K8RDpBA2trSaLcGfj7xIgtPGRcO79evNy7KNKjgER+AE+OAMNME1aIEAYPAInsEreHOenBfn3fmYjVaccmcf/IHz+QPVsJYL</latexit>
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At odds with SMEFT expansion as checked by 


explicit matching in symmetric phase by Skiba in arXiv:1006.2142

(checked by Aguila, Kunszt, Santiago in 2016)

But SMEFT should be the correct low-energy theory even if the


super-renormalizable coupling gets large
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Let´s have a look:
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1

in the previous examples. Altogether, there are 24 cancellations of IR divergences that
provide consistency checks on this calculation. The full theory diagrams (e) and (f) are
indeed IR finite, and there are no corresponding effective theory diagrams.

We can now extract the matching coefficients by calculating the differences between the
full and effective theories. The coefficients cB and cA defined in Fig. 14 are

cB =
κ2λ

(4π)2M4

(

3

ϵ
+

19

2

)

+
κ4

(4π)2M6

(

−
6

ϵ
− 23

)

, (125)

cA =
κ2λ

(4π)2M4

(

5

ϵ
+

25

2

)

+
κ4

(4π)2M6

(

−
2

ϵ
− 21

)

, (126)

which finally gives

aT = −
3

2

κ2λ

(4π)2M4
−

κ4

(4π)2M6
+

6κ4

(4π)2M6
, (127)

where the last term comes from the wave function renormalization of the tree-level term. In
obtaining Eq. (127) we absorbed the 1

ϵ
poles into counterterms using the MS prescription.

These poles can be used to calculate the running of the T operator in the effective theory.
The renormalization scale has been set to M , so that the logarithms of µ

M
are absent.

The numerical coefficients in Eq. (127) are not crucial for us. This calculation provided
a thorough illustration of the methods we discussed in these notes. What is interesting is
that the one-loop result exhibits decoupling in the limit κ ∝ M → ∞. There was no other
possibility in the effective theory since this is guaranteed by power counting even without
doing an explicit calculation. One might wonder if the effective theory reproduces properly
the full theory. The cancellation of the IR divergences among various terms in Table 3
provides convincing evidence that it does. The results in Refs. [36, 37] that motivated this
calculation were obtained in the EW broken phase without using EFT methods. It is unlikely
that the non-decoupling observed in Refs. [36, 37] is a result of an algebraic error. One
plausible reason may be the triplet correction to the Higgs mass term, which is proportional
to κ2

(4π)2 . (This is another example of the quadratic sensitivity of the Higgs mass to the heavy

scales, even though the diagram with the triplet exchange is only logarithmically divergent.)
This contribution might creep into the Higgs vev calculation, but should be cancelled when
the calculation is expressed in terms of the physical Higgs mass. Unfortunately, we have no
firm argument as to why the two approaches disagree.
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<latexit sha1_base64="0CLBh9lGuo9QHyny/aPeSWOpWmo=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCp5J4UQ9CUQ8eKxhbaGLYbDft0t1s2N0IJeTkxb/ixYOKV/+DN/+Nm7YHbX0w8Hhvhpl5Ucqo0o7zbVUWFpeWV6qrtbX1jc0te3vnTolMYuJhwYTsREgRRhPiaaoZ6aSSIB4x0o6Gl6XffiBSUZHc6lFKAo76CY0pRtpIob2P73OfIz2QPGdCpEUR5n46oPCqgOcwtOtOwxkDzhN3SupgilZof/k9gTNOEo0ZUqrrOqkOciQ1xYwUNT9TJEV4iPqka2iCOFFBPn6jgIdG6cFYSFOJhmP190SOuFIjHpnO8mI165Xif1430/FpkNMkzTRJ8GRRnDGoBSwzgT0qCdZsZAjCkppbIR4gibA2ydVMCO7sy/PEO26cNZwbp968mKZRBXvgABwBF5yAJrgGLeABDB7BM3gFb9aT9WK9Wx+T1oo1ndkFf2B9/gClrpjB</latexit>

<latexit sha1_base64="ZNZMnitkP8odyqBwlhmCcrUTt2E="></latexit>

SMEFT reproduces precisely the calculation in 
broken phase!

<latexit sha1_base64="8dLSkm8MvmmUxjYZagONmmfgm2g="></latexit>
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In fact, this result respects the decoupling theorem:

We must use low-energy observables


to determine the value of renormalized couplings

<latexit sha1_base64="9RW+VTfAr7XP38f9Tdl5Vexokjw=">AAAB+HicdVDLSsNAFJ34rPUVdelmsAiuSiL46K4oissKjS20IUymk3bozCTMTAol5E/cuFBx66e482+ctBGq6IGBwzn3cs+cMGFUacf5tJaWV1bX1isb1c2t7Z1de2//QcWpxMTDMYtlN0SKMCqIp6lmpJtIgnjISCccXxd+Z0KkorFo62lCfI6GgkYUI22kwLYnQdbnSI8kz25u23ke2DWn7swAF8iZ4zbOXeiWSg2UaAX2R38Q45QToTFDSvVcJ9F+hqSmmJG82k8VSRAeoyHpGSoQJ8rPZslzeGyUAYxiaZ7QcKYubmSIKzXloZksQqrfXiH+5fVSHV36GRVJqonA80NRyqCOYVEDHFBJsGZTQxCW1GSFeIQkwtqUVTUlfP8U/k+803qj7tw7teZV2UYFHIIjcAJccAGa4A60gAcwmIBH8AxerMx6sl6tt/noklXuHIAfsN6/AHHWk7k=</latexit>

determined by measured GF

So, μ must be fine-tuned to keep MW at EW scale: 

<latexit sha1_base64="ZYzTRnOL6KDwI/bWuCAyZ0tEC4U=">AAACEXicdVDLSsNAFJ34rPUVdelmsAi6sCSCjy6EohuXFYwtNDFMJtN26CQTZiZCCfkGN/6KGxcqbt2582+ctBGq6IGBc8+5l7n3BAmjUlnWpzEzOze/sFhZqi6vrK6tmxubN5KnAhMHc8ZFJ0CSMBoTR1HFSCcRBEUBI+1geFH47TsiJOXxtRolxItQP6Y9ipHSkm/uu1EKz6CrKAtJposcHkDsa3KrK6QGIsoY50me+2bNqltjwClyZNmNYxvapVIDJVq++eGGHKcRiRVmSMqubSXKy5BQFDOSV91UkgThIeqTrqYxioj0svFJOdzVSgh7XOgXKzhWpycyFEk5igLdWWwpf3uF+JfXTVXv1MtonKSKxHjyUS9lUHFY5ANDKghWbKQJwoLqXSEeIIGw0ilWdQjfl8L/iXNYb9StK6vWPC/TqIBtsAP2gA1OQBNcghZwAAb34BE8gxfjwXgyXo23SeuMUc5sgR8w3r8A7qWd4w==</latexit>

<latexit sha1_base64="wqTzc2ngbpEwmp719ujtEfyk+fU="></latexit>

The same decoupling actually holds in broken phase calculation in 


an appropriate renormalization scheme
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The scheme in Chankowski et al is actually meant to achieve this

Input parameters: 
<latexit sha1_base64="EvSnw1lJuSDJ+k8r3R0djIRxenc="></latexit>

But it fails because       must be correlated with v to minimize 
potential, so it is also fine tuned. (This is automatically 
incorporated in effective method)

<latexit sha1_base64="CdGuwxm0YrhYRRDFh06GmrjEMEA=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvgackWqu2t6MVjRdcW2qVk02wbmmTXJFsopX/CiwcVr/4eb/4bs+0KKvpg4PHeDDPzwoQzbRD6cAorq2vrG8XN0tb2zu5eef/gTsepItQnMY9VJ8Saciapb5jhtJMoikXIaTscX2Z+e0KVZrG8NdOEBgIPJYsYwcZKnUm/d8OGAvfLFeSiBSByqzXUqGekhrzGmQe93KqAHK1++b03iEkqqDSEY627HkpMMMPKMMLpvNRLNU0wGeMh7VoqsaA6mC3uncMTqwxgFCtb0sCF+n1ihoXWUxHaToHNSP/2MvEvr5uaqB7MmExSQyVZLopSDk0Ms+fhgClKDJ9agoli9lZIRlhhYmxEJRvC16fwf+JX3YaLrlGleZGnUQRH4BicAg+cgya4Ai3gAwI4eABP4Nm5dx6dF+d12Vpw8plD8APO2yepT4/p</latexit>

If taken into account, ρ parameter goes to 0 when
<latexit sha1_base64="3UUv8f64hp4442dGPxUDs7MjjcA=">AAACAHicbVDNSgMxGMzWv1r/Vr0IXoJF8FR2vai3ohcvQgXXFrpLyabZNjTJhiQrLEu9+CpePKh49TG8+Tam7R60dSAwzHwfX2Ziyag2nvftVJaWV1bXquu1jc2t7R13d+9ep5nCJMApS1UnRpowKkhgqGGkIxVBPGakHY+uJn77gShNU3FnckkijgaCJhQjY6WeexCOkJQIhppyeANDk8KQisTkPbfuNbwp4CLxS1IHJVo99yvspzjjRBjMkNZd35MmKpAyFDMyroWZJhLhERqQrqUCcaKjYppgDI+t0odJquwTBk7V3xsF4lrnPLaTHJmhnvcm4n9eNzPJeVRQITNDBJ4dSjIGbc5JHbBPFcGG5ZYgrKj9K8RDpBA2trSaLcGfj7xIgtPGRcO79evNy7KNKjgER+AE+OAMNME1aIEAYPAInsEreHOenBfn3fmYjVaccmcf/IHz+QPVsJYL</latexit>
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Conclusion

BSM theories with linearly-realized SM gauge symmetry and 
large positive square masses have SMEFT as low-energy theory. 
Operator coefficients can be computed in symmetric phase, in 
the standard way
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