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HIGGS POTENTIAL

<latexit sha1_base64="M2hba7f21asPpBczAfU+moFkGIg=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYCOJox1AvwtCLxwnuBdY60jTdwpK2JKkwun0CL34VLx4U8erZm9/GbKugm38I/Pg/z5Pk+Xsxo1JZ1peRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0PScJoSBqKKkbasSCIe4y0vMHVpN66J0LSKLxVw5i4HPVCGlCMlLa6Zql5AU8cntxV4MiJ+3Sk4Rg6TN/gox+r2jWLVtmaCi6CnUERZKp3zU/Hj3DCSagwQ1J2bCtWboqEopiRccFJJIkRHqAe6WgMESfSTafrjGFJOz4MIqFPqODU/T2RIi7lkHu6kyPVl/O1iflfrZOo4NxNaRgnioR49lCQMKgiOMkG+lQQrNhQA8KC6r9C3EcCYaUTLOgQ7PmVF6FZKdun5cpNtVi7zOLIgwNwCI6ADc5ADVyDOmgADB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzI+vgF88JqG</latexit>

V = �µ2|�|2 + �|�|4

<latexit sha1_base64="uuBBRfO6HDAqHVPHjT9zaKwH5mo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9C0IvHiHlBsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rGsm3GCfkQHkoecUWOlx/qN2yuW3LI7B1klXkZKkKHWK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJ3Wa48XJSqt1kceTiBUzgHD66gCvdQgwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBoeWNYA==</latexit>

T = 0
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HIGGS POTENTIAL

<latexit sha1_base64="TmyHO0OfMsgCfphKY4g5ounLVqs=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6kYounFZwT6gactkepMOnUzCzEQopX/hxl9x40IRt7rzb5ymWWjrgQtnzrmXuff4CWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmilNJoUFjHsu2TxRwJqChmebQTiSQyOfQ8kc3M7/1AFKxWNzrcQLdiISCBYwSbaS+XfE4ESEH7CVD1vMGJAxBZg9Pzo0r7AWSULeKh71q3y47FScDXiZuTsooR71vf3mDmKYRCE05UarjOonuTojUjHKYlrxUQULoiITQMVSQCFR3kt01xSdGGeAglqaExpn6e2JCIqXGkW86I6KHatGbif95nVQHl90JE0mqQdD5R0HKsY7xLCQ8YBKo5mNDCJXM7IrpkJgUtImyZEJwF09eJs1qxT2vVO/OyrXrPI4iOkLH6BS56ALV0C2qowai6BE9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzBz/4nrA=</latexit>

h�†�i = 1

2
h2

<latexit sha1_base64="RtLrNiuwPFI8iBkkaNCAhsWAbbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0EOM8w==</latexit>

h

<latexit sha1_base64="zZq/3M+qvQtbJbM8vXmG+4jMy7c=">AAACCXicbZDLSsNAFIYnXmu9RQU3bgaLIFRCUkTdCKVuXLbQG7QxTKbTduhkEmYmQgnduvFVdOFCEbf6BO7c+CxO0y609YcDH/85h5nz+xGjUtn2l7GwuLS8sppZy65vbG5tmzu7dRnGApMaDlkomj6ShFFOaooqRpqRICjwGWn4g6txv3FLhKQhr6phRNwA9TjtUoyUtjwT1r0qvISofQKrN6cwD/2UCrCvK29ZlmfmbMtOBefBmUKuuF/5po+lj7JnfrY7IY4DwhVmSMqWY0fKTZBQFDMyyrZjSSKEB6hHWho5Coh0k/SSETzSTgd2Q6GLK5i6vzcSFEg5DHw9GSDVl7O9sflfrxWr7oWbUB7FinA8eagbM6hCOI4FdqggWLGhBoQF1X+FuI8EwkqHl9UhOLMnz0O9YDlnVqGi0yiBiTLgAByCY+CAc1AE16AMagCDO/AAnsGLcW88Ga/G22R0wZju7IE/Mt5/AD0UmUo=</latexit>

VT = a T 4 + b T 2h2 + ...
<latexit sha1_base64="l4IS262rzVaRRGvvS+S6zCo0ukc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3Q4tQEUqShbosunFZoS9o0jCZTtqhM0mYmRRC6F+4dONCEbf+ibv+jdPHQlsPXDiccy/33hMkjEplWTOjsLW9s7tX3C8dHB4dn5inZ20ZpwKTFo5ZLLoBkoTRiLQUVYx0E0EQDxjpBOOHud+ZECFpHDVVlhCPo2FEQ4qR0pJvms2+A93hEHKfVkdXfcc3K1bNWgBuEntFKvWye/08q2cN3/x2BzFOOYkUZkjKnm0lysuRUBQzMi25qSQJwmM0JD1NI8SJ9PLF5VN4qZUBDGOhK1Jwof6eyBGXMuOB7uRIjeS6Nxf/83qpCu+8nEZJqkiEl4vClEEVw3kMcEAFwYplmiAsqL4V4hESCCsdVkmHYK+/vEnaTs2+qTlPOo17sEQRXIAyqAIb3II6eAQN0AIYTMALeAPvRm68Gh/G57K1YKxmzsEfGF8/WZGVKQ==</latexit>

T 2 � mi(h)
2

<latexit sha1_base64="uWJT9x7hZUjxV4dLtSkD3JvpQkg=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrspMF+qmWHTjskJv0A4lk2ba0CQzJBmhlL6CGxeKuBOfxb0b8W3MtF1o6w+Bj/8/h5xzwoQzbTzv21lZXVvf2Mxtuds7u3v7+YPDho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh8CbLm/dUaRbLmhklNBC4L1nECDaZVUNlr5sveEVvKrQM/hwKVx9uOXn7cqvd/GenF5NUUGkIx1q3fS8xwRgrwwinE7eTappgMsR92rYosaA6GE9nnaBT6/RQFCv7pEFT93fHGAutRyK0lQKbgV7MMvO/rJ2a6DIYM5mkhkoy+yhKOTIxyhZHPaYoMXxkARPF7KyIDLDCxNjzuPYI/uLKy9AoFf3zYunOK1SuYaYcHMMJnIEPF1CBW6hCHQgM4AGe4NkRzqPz4rzOSlecec8R/JHz/gNXd5DH</latexit>

T = 0

<latexit sha1_base64="R3QMwkbcH0TqDslrQzSP2VBraic=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahopSkiHosevFYoV/QhrLZbtqlm03c3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPz/JgzpR3n28qtrW9sbuW3Czu7e/sH9uFRU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6H7mt8ZUKhaJup7E1AvxQLCAEayN5F2gZq9e6sZDdlk/79lFp+zMgVaJm5EiZKj17K9uPyJJSIUmHCvVcZ1YeymWmhFOp4VuomiMyQgPaMdQgUOqvHR+9BSdGaWPgkiaEhrN1d8TKQ6VmoS+6QyxHqplbyb+53USHdx6KRNxoqkgi0VBwpGO0CwB1GeSEs0nhmAimbkVkSGWmGiTU8GE4C6/vEqalbJ7Xa48XhWrd1kceTiBUyiBCzdQhQeoQQMIPMEzvMKbNbZerHfrY9Gas7KZY/gD6/MHtfaQxQ==</latexit>

+VT (�, T )
<latexit sha1_base64="M2hba7f21asPpBczAfU+moFkGIg=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYCOJox1AvwtCLxwnuBdY60jTdwpK2JKkwun0CL34VLx4U8erZm9/GbKugm38I/Pg/z5Pk+Xsxo1JZ1peRW1peWV3Lrxc2Nre2d8zdvaaMEoFJA0csEm0PScJoSBqKKkbasSCIe4y0vMHVpN66J0LSKLxVw5i4HPVCGlCMlLa6Zql5AU8cntxV4MiJ+3Sk4Rg6TN/gox+r2jWLVtmaCi6CnUERZKp3zU/Hj3DCSagwQ1J2bCtWboqEopiRccFJJIkRHqAe6WgMESfSTafrjGFJOz4MIqFPqODU/T2RIi7lkHu6kyPVl/O1iflfrZOo4NxNaRgnioR49lCQMKgiOMkG+lQQrNhQA8KC6r9C3EcCYaUTLOgQ7PmVF6FZKdun5cpNtVi7zOLIgwNwCI6ADc5ADVyDOmgADB7AE3gBr8aj8Wy8Ge+z1pyRzeyDPzI+vgF88JqG</latexit>

V = �µ2|�|2 + �|�|4

<latexit sha1_base64="RtLrNiuwPFI8iBkkaNCAhsWAbbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0EOM8w==</latexit>

h
<latexit sha1_base64="9LHpmsW/2NJraEOpB1sxf1ajkfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9bHfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugP6EaBZN8WuqlhieUjemQdy1VNOLGn8xPnZIzqwxIGGtbCslc/T0xoZExWRTYzojiyCx7M/E/r5tieO1PhEpS5IotFoWpJBiT2d9kIDRnKDNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwB1DI3r</latexit>yt

<latexit sha1_base64="9LHpmsW/2NJraEOpB1sxf1ajkfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9bHfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugP6EaBZN8WuqlhieUjemQdy1VNOLGn8xPnZIzqwxIGGtbCslc/T0xoZExWRTYzojiyCx7M/E/r5tieO1PhEpS5IotFoWpJBiT2d9kIDRnKDNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwB1DI3r</latexit>yt

e.g.
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HIGGS POTENTIAL
<latexit sha1_base64="Z6djIFKq81FLvHVhEcazYQJ1IXM="></latexit>

VT = a T 4 + b T 2h2 + c h3T + ...

1st order 2nd order/cross over
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HIGGS POTENTIAL
<latexit sha1_base64="Z6djIFKq81FLvHVhEcazYQJ1IXM="></latexit>

VT = a T 4 + b T 2h2 + c h3T + ...

1st order

K

Standard Model 
(mh ≳ 65 GeV) 
Kajantie et al. ’96 
Csikor et al. ‘98

from Cline ’06 

2nd order/cross over
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HIGGS POTENTIAL

1st order

KNew physics 

Weir ’17 
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ELECTROWEAK PHASE TRANSITION

<latexit sha1_base64="xJKgx+Qx+cTUbqZ0evR4yGSTdwA=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIXdFGojBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYtUa3UHRL7lTOX/DmULx4t8+Tt0+72i18dHoxTSMUmnKiVNtzE+1nRGpGOY7tTqowIXRI+tg2KEiEys+mg46dI+P0nDCW5gntTN2fHRmJlBpFgamMiB6oxWxi/pe1Ux2e+RkTSapR0NlHYcodHTuTrZ0ek0g1HxkgVDIzq0MHRBKqzW1scwRvceW/0CiXvJNSueYWK5cwUx4O4BCOwYNTqMA1VKEOFBDu4RGerFvrwXq2XmalOWvesw+/ZL1+AxSRkB4=</latexit>

V

<latexit sha1_base64="zWgGn+KxnGT4WVzvscDZLe5fxpU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuy5X6lel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOV7jQE=</latexit>v

<latexit sha1_base64="C+VWbWnffx4lHnPy2IeLggVWN5Y=">AAAB/3icbVC7SgNBFJ2Nrxhfq0Iam8EgWMiyG/HRCCEWWiZgHpBdltnJJBkys7vMzAphTeGv2Fj4wNbeL7Cz8VucPApNPHDhcM693HtPEDMqlW1/GZmFxaXllexqbm19Y3PL3N6pyygRmNRwxCLRDJAkjIakpqhipBkLgnjASCPoX478xi0RkkbhjRrExOOoG9IOxUhpyTfz3O/BC+gUT6xj9yh1BYdXpD70zYJt2WPAeeJMSaGUr37Tl/JHxTc/3XaEE05ChRmSsuXYsfJSJBTFjAxzbiJJjHAfdUlL0xBxIr10fP8QHmilDTuR0BUqOFZ/T6SISzngge7kSPXkrDcS//NaieqceykN40SREE8WdRIGVQRHYcA2FQQrNtAEYUH1rRD3kEBY6chyOgRn9uV5Ui9azqlVrOo0ymCCLNgD++AQOOAMlMA1qIAawOAOPIAn8GzcG4/Gq/E2ac0Y05ld8AfG+w+3WZey</latexit>

mh = 125.3GeV

<latexit sha1_base64="KFYJZeAbhO6/eE4dmCRiy84+iz8=">AAAB+nicbVDLSsNAFJ3UV42vVJduBovgQkpSpLopFl3osoJ9QBPKZDpph84kYWZSKbGf4kZBEbf+g3s34t84fSy09cCFwzn3cu89fsyoVLb9bWSWlldW17Lr5sbm1vaOldutyygRmNRwxCLR9JEkjIakpqhipBkLgrjPSMPvX479xoAISaPwVg1j4nHUDWlAMVJaalu5QRkWT0ruceoKDq9IfdS28nbBngAuEmdG8ucfZjl++jKrbevT7UQ44SRUmCEpW44dKy9FQlHMyMh0E0lihPuoS1qahogT6aWT00fwUCsdGERCV6jgRP09kSIu5ZD7upMj1ZPz3lj8z2slKjjzUhrGiSIhni4KEgZVBMc5wA4VBCs21ARhQfWtEPeQQFjptEwdgjP/8iKpFwtOqVC8sfOVCzBFFuyDA3AEHHAKKuAaVEENYHAHHsAzeDHujUfj1XibtmaM2cwe+APj/QeH45Xl</latexit>

v = 246GeV

measured

<latexit sha1_base64="XssYdHO1zUYIimSycect0Jw7IRE=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIi6rHoxWMF0xbaUDbbTbt0swm7L0IJ/Q1ePCji1R/kzX/jts1BWwcWhpn32DcTplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k9zAho36l6tbcOcgq8QpShQLNfuWrN0hYFnOFTFJjup6bYpBTjYJJPi33MsNTysZ0yLuWKhpzE+TzY6fk3CoDEiXaPoVkrv7eyGlszCQO7WRMcWSWvZn4n9fNMLoJcqHSDLlii4+iTBIbcZacDITmDOXEEsq0sLcSNqKaMrT9lG0J3nLkVdKq17yrWv3hstq4LeoowSmcwQV4cA0NuIcm+MBAwDO8wpujnBfn3flYjK45xc4J/IHz+QN70o56</latexit>

! h

exact nature of Higgs potential unknown
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ELECTROWEAK PHASE TRANSITION

exact nature of Higgs potential unknown

sensitivity at 68% probability on 
the Higgs cubic self-coupling at 
future colliders (Blas et al. ’19)
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ELECTROWEAK PHASE TRANSITION

cosmological probes:

- gravitational waves

Weir ’17 
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ELECTROWEAK PHASE TRANSITION

cosmological probes:

- gravitational waves

- baryogenesis

h'i = 0
<latexit sha1_base64="VOA5ZWZchODHH/fBh+7+FX5jP+s=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUmqoAuFghuXFewDmlAm00k7dDIJM5NCCV248VfcuFDErR/hzr9x2mahrQcunDnnXubeEyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORrczvz2mUrFYPOhJQv0IDwQLGcHaSD277HEsBpwib4xlMmTIk4v3DXJ6dsWpOnOgVeLmpAI5Gj37y+vHJI2o0IRjpbquk2g/w1Izwum05KWKJpiM8IB2DRU4osrP5kdM0alR+iiMpSmh0Vz9PZHhSKlJFJjOCOuhWvZm4n9eN9XhlZ8xkaSaCrL4KEw50jGaJYL6TFKi+cQQTCQzuyIyxBITbXIrmRDc5ZNXSatWdc+rtfuLSv06j6MIZTiBM3DhEupwBw1oAoFHeIZXeLOerBfr3fpYtBasfOYY/sD6/AFIfZcu</latexit>

h'i 6= 0
<latexit sha1_base64="CtBvo3qjPh9Qhp7/6RpPBVJUlUo=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRV0IWLghuXFewDmlAm05t26GQSZyaFErpz46+4caGIW3/BnX/jtM1CWw9cOHPOvcy9J0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSgoNGvNYtgOigDMBDc00h3YigUQBh1YwvJn6rRFIxWJxr8cJ+BHpCxYySrSRuvaxx4noc8DeiMhkwLAn87eAB+x07bJTcWbAy8TNSRnlqHftL68X0zQCoSknSnVcJ9F+RqRmlMOk5KUKEkKHpA8dQwWJQPnZ7I4JPjVKD4exNCU0nqm/JzISKTWOAtMZET1Qi95U/M/rpDq88jMmklSDoPOPwpRjHeNpKLjHJFDNx4YQKpnZFdMBkYRqE13JhOAunrxMmtWKe16p3l2Ua9d5HEV0hE7QGXLRJaqhW1RHDUTRI3pGr+jNerJerHfrY95asPKZQ/QH1ucP8iuYrw==</latexit>

true vacuum

false vacuum
CP

B
sphalerons

 L
<latexit sha1_base64="cWRL2nXkkpqUN9OMY+aNfAnDJ9s=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYTcKWlgEbCwsIpgHJEuYncwmY+axzMwKYck/2FgoYuv/2Pk3TpItNPHAhcM593LvPVHCmbG+/+2trK6tb2wWtorbO7t7+6WDw6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGt1M/dYT1YYp+WDHCQ0FHkgWM4Ktk5rdxLDeXa9U9iv+DGiZBDkpQ456r/TV7SuSCiot4diYTuAnNsywtoxwOil2U0MTTEZ4QDuOSiyoCbPZtRN06pQ+ipV2JS2aqb8nMiyMGYvIdQpsh2bRm4r/eZ3UxldhxmSSWirJfFGccmQVmr6O+kxTYvnYEUw0c7ciMsQaE+sCKroQgsWXl0mzWgnOK9X7i3LtOo+jAMdwAmcQwCXU4Bbq0AACj/AMr/DmKe/Fe/c+5q0rXj5zBH/gff4AdH+PBw==</latexit>

 ̄L
<latexit sha1_base64="36cmm3o76Ql6Vl6Xe0y8nUsgQdQ=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0UtLAI2FhYRDAfmDvC3mYuWbK3d+zuCSHkX9hYKGLrv7Hz37hJrtDEBwOP92aYmRemgmvjut/Oyura+sZmYau4vbO7t186OGzqJFMMGywRiWqHVKPgEhuGG4HtVCGNQ4GtcHgz9VtPqDRP5IMZpRjEtC95xBk1Vnr0Q6r8VPPuXbdUdivuDGSZeDkpQ456t/Tl9xKWxSgNE1TrjuemJhhTZTgTOCn6mcaUsiHtY8dSSWPUwXh28YScWqVHokTZkobM1N8TYxprPYpD2xlTM9CL3lT8z+tkJroKxlymmUHJ5ouiTBCTkOn7pMcVMiNGllCmuL2VsAFVlBkbUtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwkPAMr/DmaOfFeXc+5q0rTj5zBH/gfP4Ac9OQwA==</latexit>



Electroweak phase transition: is EFT just a toy?13

ELECTROWEAK PHASE TRANSITION

cosmological probes:

- gravitational waves

- baryogenesis

- magnetic fields

Zhang et al. ’19 
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STANDARD MODEL EFFECTIVE FIELD THEORY
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SM-EFT

<latexit sha1_base64="D6Q50ahLyXay6PCik28lEJM9uRw=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJUkhrbuilJw4aKCfUATymQyaYdOHsxMhBK78FfcuFDErb/hzr9x0lZQ0QMDh3Pu4d45XsKokIbxoRWWlldW14rrpY3Nre0dfXevI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre+CL3u7eECxpHN3KSEDdEw4gGFCOppIF+0BxkDg9hszuFDmPQuVJZHw30slE5q1ctuwqNimHUTMvMiVWzT21oKiVHGSzQGujvjh/jNCSRxAwJ0TeNRLoZ4pJiRqYlJxUkQXiMhqSvaIRCItxsdv8UHivFh0HM1YsknKnfExkKhZiEnpoMkRyJ314u/uX1UxnU3YxGSSpJhOeLgpRBGcO8DOhTTrBkE0UQ5lTdCvEIcYSlqqykSvj6KfyfdKyKWa1Y13a5cb6oowgOwRE4ASaogQa4BC3QBhjcgQfwBJ61e+1Re9Fe56MFbZHZBz+gvX0C+KGVdA==</latexit>

EEW ⌧ ⇤

<latexit sha1_base64="BsxUAT4gO1LoVV2YEQotcGrYjoQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchSSGtu6Kbly4qGAf0IYymUzaoZMHMxOhhH6EGxeKuPV73Pk3TtoKKnpg4HDOucy9x085k8qyPoyV1bX1jc3SVnl7Z3dvv3Jw2JFJJghtk4QnoudjSTmLaVsxxWkvFRRHPqddf3JV+N17KiRL4js1TakX4VHMQkaw0lJ3cKOjAR5WqpZ50ag5bg1ZpmXVbccuiFN3z11ka6VAFZZoDSvvgyAhWURjRTiWsm9bqfJyLBQjnM7Kg0zSFJMJHtG+pjGOqPTy+bozdKqVAIWJ0C9WaK5+n8hxJOU08nUywmosf3uF+JfXz1TY8HIWp5miMVl8FGYcqQQVt6OACUoUn2qCiWB6V0TGWGCidENlXcLXpeh/0nFMu2Y6t261ebmsowTHcAJnYEMdmnANLWgDgQk8wBM8G6nxaLwYr4voirGcOYIfMN4+AW3+j6Y=</latexit>

⇤

<latexit sha1_base64="5fvEQVc0wGgupx7Z+hyfERcDqWQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaOutKILHFmwrtKFstpt27eaD3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM8xPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7nM/e49FZLF0Y2aJtQL8ShiASNYaal1NShXLPO8XnXcKrJMy6rZjp0Tp+aeucjWSo4KLNEclN/7w5ikIY0U4VjKnm0lysuwUIxwOiv1U0kTTCZ4RHuaRjik0svmh87QiVaGKIiFrkihufp9IsOhlNPQ150hVmP528vFv7xeqoK6l7EoSRWNyGJRkHKkYpR/jYZMUKL4VBNMBNO3IjLGAhOlsynpEL4+Rf+TjmPaVdNpuZXGxTKOIhzBMZyCDTVowDU0oQ0EKDzAEzwbd8aj8WK8LloLxnLmEH7AePsE+0aNEg==</latexit>

E

Le↵ = LSM +
X

i

ci
Oi

⇤di�1
<latexit sha1_base64="RRYomTUbMeC4/3kfumcoR6iZCLA="></latexit>

effective Lagrangian: 

scale of new physics 

light SM d.o.f. 

<latexit sha1_base64="vLM+egkJ3/CM7aDUcCffMv+XPxo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJIi6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4HFSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbTrNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxcBi5U=</latexit>

4



Electroweak phase transition: is EFT just a toy?16

SM-EFT

<latexit sha1_base64="D6Q50ahLyXay6PCik28lEJM9uRw=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJUkhrbuilJw4aKCfUATymQyaYdOHsxMhBK78FfcuFDErb/hzr9x0lZQ0QMDh3Pu4d45XsKokIbxoRWWlldW14rrpY3Nre0dfXevI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre+CL3u7eECxpHN3KSEDdEw4gGFCOppIF+0BxkDg9hszuFDmPQuVJZHw30slE5q1ctuwqNimHUTMvMiVWzT21oKiVHGSzQGujvjh/jNCSRxAwJ0TeNRLoZ4pJiRqYlJxUkQXiMhqSvaIRCItxsdv8UHivFh0HM1YsknKnfExkKhZiEnpoMkRyJ314u/uX1UxnU3YxGSSpJhOeLgpRBGcO8DOhTTrBkE0UQ5lTdCvEIcYSlqqykSvj6KfyfdKyKWa1Y13a5cb6oowgOwRE4ASaogQa4BC3QBhjcgQfwBJ61e+1Re9Fe56MFbZHZBz+gvX0C+KGVdA==</latexit>

EEW ⌧ ⇤

<latexit sha1_base64="BsxUAT4gO1LoVV2YEQotcGrYjoQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchSSGtu6Kbly4qGAf0IYymUzaoZMHMxOhhH6EGxeKuPV73Pk3TtoKKnpg4HDOucy9x085k8qyPoyV1bX1jc3SVnl7Z3dvv3Jw2JFJJghtk4QnoudjSTmLaVsxxWkvFRRHPqddf3JV+N17KiRL4js1TakX4VHMQkaw0lJ3cKOjAR5WqpZ50ag5bg1ZpmXVbccuiFN3z11ka6VAFZZoDSvvgyAhWURjRTiWsm9bqfJyLBQjnM7Kg0zSFJMJHtG+pjGOqPTy+bozdKqVAIWJ0C9WaK5+n8hxJOU08nUywmosf3uF+JfXz1TY8HIWp5miMVl8FGYcqQQVt6OACUoUn2qCiWB6V0TGWGCidENlXcLXpeh/0nFMu2Y6t261ebmsowTHcAJnYEMdmnANLWgDgQk8wBM8G6nxaLwYr4voirGcOYIfMN4+AW3+j6Y=</latexit>

⇤

<latexit sha1_base64="5fvEQVc0wGgupx7Z+hyfERcDqWQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaOutKILHFmwrtKFstpt27eaD3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM8xPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7nM/e49FZLF0Y2aJtQL8ShiASNYaal1NShXLPO8XnXcKrJMy6rZjp0Tp+aeucjWSo4KLNEclN/7w5ikIY0U4VjKnm0lysuwUIxwOiv1U0kTTCZ4RHuaRjik0svmh87QiVaGKIiFrkihufp9IsOhlNPQ150hVmP528vFv7xeqoK6l7EoSRWNyGJRkHKkYpR/jYZMUKL4VBNMBNO3IjLGAhOlsynpEL4+Rf+TjmPaVdNpuZXGxTKOIhzBMZyCDTVowDU0oQ0EKDzAEzwbd8aj8WK8LloLxnLmEH7AePsE+0aNEg==</latexit>

E

e.g. 
<latexit sha1_base64="TPWHWZ+GaA4EMOJY3+btEZW0Uro=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fzr+M8g==</latexit>g

<latexit sha1_base64="TPWHWZ+GaA4EMOJY3+btEZW0Uro=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fzr+M8g==</latexit>g

<latexit sha1_base64="rE1zqnDPqunaxhWTTh9vNKBsc0o=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBaEkQdRl0Y0boYJ9YJuGyXTSDp1MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgoLi0vLK8XV0tr6xuaWub3TkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/vBr7zQciJI34nRrFxA1Rn9OAYqS05Jl7nUAgnNpZGnedkxsvvT/Kuk7mmWWrYk0A54mdkzLIUfPMr04vwklIuMIMSdm2rVi5KRKKYkayUieRJEZ4iPqkrSlHIZFuOrk/g4da6cEgErq4ghP190SKQilHoa87Q6QGctYbi/957UQFF25KeZwowvF0UZAwqCI4DgP2qCBYsZEmCAuqb4V4gHQgSkdW0iHYsy/Pk4ZTsc8qzu1puXqZx1EE++AAHAMbnIMquAY1UAcYPIJn8ArejCfjxXg3PqatBSOf2QV/YHz+ACBHlYc=</latexit>

1

p2 +M2
Z0

<latexit sha1_base64="1n6nfFaYuFp8g5ADTxJKXG5oybg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ6KkkR9Vj04kWoYD+wTcNmu2mXbjZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3btw8OGypOJaF1EvNYtgKsKGeC1jXTnLYSSXEUcNoMhrdTvzmiUrFYPOpxQr0I9wULGcHaSL5tJ90K6nCO7v3s6WzSrfh2ySk7M6Bl4uakBDlqvv3V6cUkjajQhGOl2q6TaC/DUjPC6aTYSRVNMBniPm0bKnBElZfNLp+gU6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7x2qsNrL2MiSTUVZL4oTDnSMZrGgHpMUqL52BBMJDO3IjLAEhNtwiqaENzFl5dJo1J2L8uVh4tS9SaPowDHcALn4MIVVOEOalAHAiN4hld4szLrxXq3PuatK1Y+cwR/YH3+AM4Gkns=</latexit>

p2 ⌧ M2
Z0

<latexit sha1_base64="oxzq58BVipIMEm/Yn3dfV5Y+HLo=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkpoi6LbtwIFewD2rFk0kwbmkmGJCPUoV/ixoUibv0Ud/6NaTsLbT1wL4dz7iU3J0w408bzvp2V1bX1jc3CVnF7Z3ev5O4fNLVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC0fXUbz1SpZkU92ac0CDGA8EiRrCxUs8tdSOFSTZ4qE6yW9t6btmreDOgZeLnpAw56j33q9uXJI2pMIRjrTu+l5ggw8owwumk2E01TTAZ4QHtWCpwTHWQzQ6foBOr9FEklS1h0Ez9vZHhWOtxHNrJGJuhXvSm4n9eJzXRZZAxkaSGCjJ/KEo5MhJNU0B9pigxfGwJJorZWxEZYpuEsVkVbQj+4peXSbNa8c8r1buzcu0qj6MAR3AMp+DDBdTgBurQAAIpPMMrvDlPzovz7nzMR1ecfOcQ/sD5/AGKLZME</latexit>

g2

M2
<latexit sha1_base64="jwug6M7a52pMzWf8CgYQAr528UM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSRD0WvXisYNpCG8pmu2mX7m7C7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fVA+PWjrJFKEBSXiiOhHWlDNJA8MMp51UUSwiTtvR+G7mt5+o0iyRj2aS0lDgoWQxI9hYKbhAruv2qzXP9eZAq8QvSA0KNPvVr94gIZmg0hCOte76XmrCHCvDCKfTSi/TNMVkjIe0a6nEguownx87RWdWGaA4UbakQXP190SOhdYTEdlOgc1IL3sz8T+vm5n4JsyZTDNDJVksijOOTIJmn6MBU5QYPrEEE8XsrYiMsMLE2HwqNgR/+eVV0qq7/pVbf7isNW6LOMpwAqdwDj5cQwPuoQkBEGDwDK/w5kjnxXl3PhatJaeYOYY/cD5/AArHjYg=</latexit>

+...
<latexit sha1_base64="RxMTt+GMPoEoPdf2j9ktRfT4PA8=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrvEqEeiF49o5BGBkNmhFybMzm5mZk3Ihj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXHwuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHskHM46xG9KB5AFn1Fjp/vG0Vyy5ZXcGsky8jJQgQ61X/Or0I5aEKA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqWShqi76ezSCTmxSp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb68TBqVsndRrtydl6rXWRx5OIJjOAMPLqEKt1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QMbdI0W</latexit>

Z 0

Le↵ = LSM +
X

i

ci
Oi

⇤di�1
<latexit sha1_base64="RRYomTUbMeC4/3kfumcoR6iZCLA="></latexit>

effective Lagrangian: 

scale of new physics 

light SM d.o.f. 

<latexit sha1_base64="vLM+egkJ3/CM7aDUcCffMv+XPxo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJIi6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4HFSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbTrNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxcBi5U=</latexit>

4
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SM-EFT

<latexit sha1_base64="D6Q50ahLyXay6PCik28lEJM9uRw=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJUkhrbuilJw4aKCfUATymQyaYdOHsxMhBK78FfcuFDErb/hzr9x0lZQ0QMDh3Pu4d45XsKokIbxoRWWlldW14rrpY3Nre0dfXevI+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrre+CL3u7eECxpHN3KSEDdEw4gGFCOppIF+0BxkDg9hszuFDmPQuVJZHw30slE5q1ctuwqNimHUTMvMiVWzT21oKiVHGSzQGujvjh/jNCSRxAwJ0TeNRLoZ4pJiRqYlJxUkQXiMhqSvaIRCItxsdv8UHivFh0HM1YsknKnfExkKhZiEnpoMkRyJ314u/uX1UxnU3YxGSSpJhOeLgpRBGcO8DOhTTrBkE0UQ5lTdCvEIcYSlqqykSvj6KfyfdKyKWa1Y13a5cb6oowgOwRE4ASaogQa4BC3QBhjcgQfwBJ61e+1Re9Fe56MFbZHZBz+gvX0C+KGVdA==</latexit>

EEW ⌧ ⇤

<latexit sha1_base64="BsxUAT4gO1LoVV2YEQotcGrYjoQ=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchSSGtu6Kbly4qGAf0IYymUzaoZMHMxOhhH6EGxeKuPV73Pk3TtoKKnpg4HDOucy9x085k8qyPoyV1bX1jc3SVnl7Z3dvv3Jw2JFJJghtk4QnoudjSTmLaVsxxWkvFRRHPqddf3JV+N17KiRL4js1TakX4VHMQkaw0lJ3cKOjAR5WqpZ50ag5bg1ZpmXVbccuiFN3z11ka6VAFZZoDSvvgyAhWURjRTiWsm9bqfJyLBQjnM7Kg0zSFJMJHtG+pjGOqPTy+bozdKqVAIWJ0C9WaK5+n8hxJOU08nUywmosf3uF+JfXz1TY8HIWp5miMVl8FGYcqQQVt6OACUoUn2qCiWB6V0TGWGCidENlXcLXpeh/0nFMu2Y6t261ebmsowTHcAJnYEMdmnANLWgDgQk8wBM8G6nxaLwYr4voirGcOYIfMN4+AW3+j6Y=</latexit>

⇤

<latexit sha1_base64="5fvEQVc0wGgupx7Z+hyfERcDqWQ=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaOutKILHFmwrtKFstpt27eaD3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM8xPOpLKsD6Owsrq2vlHcLG1t7+zulfcPOjJOBaFtEvNY3PpYUs4i2lZMcXqbCIpDn9OuP7nM/e49FZLF0Y2aJtQL8ShiASNYaal1NShXLPO8XnXcKrJMy6rZjp0Tp+aeucjWSo4KLNEclN/7w5ikIY0U4VjKnm0lysuwUIxwOiv1U0kTTCZ4RHuaRjik0svmh87QiVaGKIiFrkihufp9IsOhlNPQ150hVmP528vFv7xeqoK6l7EoSRWNyGJRkHKkYpR/jYZMUKL4VBNMBNO3IjLGAhOlsynpEL4+Rf+TjmPaVdNpuZXGxTKOIhzBMZyCDTVowDU0oQ0EKDzAEzwbd8aj8WK8LloLxnLmEH7AePsE+0aNEg==</latexit>

E

- model independent 

- systematic expansion if separation of scales

Le↵ = LSM +
X

i

ci
Oi

⇤di�1
<latexit sha1_base64="RRYomTUbMeC4/3kfumcoR6iZCLA="></latexit>

effective Lagrangian: 

scale of new physics 

light SM d.o.f. 

<latexit sha1_base64="vLM+egkJ3/CM7aDUcCffMv+XPxo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJIi6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4HFSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbTrNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxcBi5U=</latexit>

4
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SEPARATION OF SCALES IN EW PHASE TRANSITION?
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 

<latexit sha1_base64="9PCXxVkUyfqCsPfFNsRH9u1tjVk="></latexit>

L = LSM + c�⇤|�|2⇤|�|2 + c�D|�Dµ�|2 + c�|�|6
<latexit sha1_base64="X0AQycnlksBhbhIG7iFGnVCePD0=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARWgo1KVK7LLpxWcFeoE3DZDpth04uzEyEkuYx3Pgqblwo4rY738ZJG1BbDwx8/P85nDm/EzAqpGF8aZmNza3tnexubm//4PBIPz5pCT/kmDSxz3zecZAgjHqkKalkpBNwglyHkbYzuU389iPhgvreg5wGxHLRyKNDipFUkq1fliC2e8GY9qNCtRjDWcKzfhWW4I9RK8apXrP1vFE2FgXXwUwhD9Jq2Pq8N/Bx6BJPYoaE6JpGIK0IcUkxI3GuFwoSIDxBI9JV6CGXCCtaHBbDC6UM4NDn6nkSLtTfExFyhZi6jup0kRyLVS8R//O6oRzWrIh6QSiJh5eLhiGD0odJSnBAOcGSTRUgzKn6K8RjxBGWKsucCsFcPXkdWpWyWS1X7q/y9Zs0jiw4A+egAExwDergDjRAE2DwBF7AG3jXnrVX7UP7XLZmtHTmFPwpbf4NnkSeTA==</latexit>

+c(6)� |�|6 + c(8)� |�|8

dim-6 dim-8 

https://www.euclid-ec.org/
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 

<latexit sha1_base64="9LV9kb1h526w0DUxI5vRGmmr3qQ="></latexit>

h|�|2i = 1

2
h̃2 ! 1

2
h̃2

<latexit sha1_base64="aw+vzsOWpenUyDqe9GdUKKwFoqg="></latexit>

h = h̃+
1

3
(
1

4
c�D � c�⇤) + ..

- neutral Higgs field

- canonical field

- physical quantities
<latexit sha1_base64="uVz8bewUV3AS6ySGybqr395OY2g="></latexit>

(a2, a4) $ (mh, v)

<latexit sha1_base64="9PCXxVkUyfqCsPfFNsRH9u1tjVk="></latexit>

L = LSM + c�⇤|�|2⇤|�|2 + c�D|�Dµ�|2 + c�|�|6
<latexit sha1_base64="X0AQycnlksBhbhIG7iFGnVCePD0=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARWgo1KVK7LLpxWcFeoE3DZDpth04uzEyEkuYx3Pgqblwo4rY738ZJG1BbDwx8/P85nDm/EzAqpGF8aZmNza3tnexubm//4PBIPz5pCT/kmDSxz3zecZAgjHqkKalkpBNwglyHkbYzuU389iPhgvreg5wGxHLRyKNDipFUkq1fliC2e8GY9qNCtRjDWcKzfhWW4I9RK8apXrP1vFE2FgXXwUwhD9Jq2Pq8N/Bx6BJPYoaE6JpGIK0IcUkxI3GuFwoSIDxBI9JV6CGXCCtaHBbDC6UM4NDn6nkSLtTfExFyhZi6jup0kRyLVS8R//O6oRzWrIh6QSiJh5eLhiGD0odJSnBAOcGSTRUgzKn6K8RjxBGWKsucCsFcPXkdWpWyWS1X7q/y9Zs0jiw4A+egAExwDergDjRAE2DwBF7AG3jXnrVX7UP7XLZmtHTmFPwpbf4NnkSeTA==</latexit>

+c(6)� |�|6 + c(8)� |�|8

<latexit sha1_base64="CLIYj5nl+L/SHFkEpTEaxKo2cq0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBZBEEJSRT0WvXisYD+gTctmM2mXbjZhd6OU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+QlnSjvOt1VYWV1b3yhulra2d3b3yvsHTRWnkkKDxjyWbZ8o4ExAQzPNoZ1IIJHPoeWPbqd+6xGkYrF40OMEvIgMBAsZJdpIva5mPAA87J2f2bbdL1cc25kBLxM3JxWUo94vf3WDmKYRCE05UarjOon2MiI1oxwmpW6qICF0RAbQMVSQCJSXza6e4BOjBDiMpSmh8Uz9PZGRSKlx5JvOiOihWvSm4n9eJ9XhtZcxkaQaBJ0vClOOdYynEeCASaCajw0hVDJzK6ZDIgnVJqiSCcFdfHmZNKu2e2lX7y8qtZs8jiI6QsfoFLnoCtXQHaqjBqJIomf0it6sJ+vFerc+5q0FK585RH9gff4AnruRSQ==</latexit>

h̃3 + ...

<latexit sha1_base64="Vs6UxZ60+V1ySMt3lO5KW3M+BnA="></latexit>

V =
1

2
a2h

2 +
1

4
a4h

4 +
1

6

h6

⇤2
+

c8
8

h8

⇤4

https://www.euclid-ec.org/
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 

1st order PT:

perturbative

<latexit sha1_base64="Ku46TfW8obUKCYYmiUo0dB5ON20="></latexit>

V tot = �1

4
m2

h(1�
2v4

m2
h⇤

2
) +

1

8

m2
h

v2
(1� 4v4

m2
h⇤

2
) +

1

6

h6

⇤2
+ VCW + VT

<latexit sha1_base64="IToD9mDvZqgzIeVb7LX3NrMslpg=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6wHUomzbShSWZIMkIp/Qs3LhRx69+482/MtBVU9MCFwzn3cu89UcqZNgh9OCura+sbm4Wt4vbO7t5+6eCwpZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0vsr99j1VmiXy1kxSGgo8lCxmBBsr3fU41VozAVG/VEbuRa3iBxWIXISqnu/lxK8G5wH0rJKjDJZo9EvvvUFCMkGlIRxr3fVQasIpVoYRTmfFXqZpiskYD2nXUokF1eF0fvEMnlplAONE2ZIGztXvE1MstJ6IyHYKbEb6t5eLf3ndzMS1cMpkmhkqyWJRnHFoEpi/DwdMUWL4xBJMFLO3QjLCChNjQyraEL4+hf+Tlu96Fde/Ccr1y2UcBXAMTsAZ8EAV1ME1aIAmIECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGCaJDT</latexit>. 0
<latexit sha1_base64="7l7pdQDiDirnhsBDXxU+CCwkouM=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6kHUomTdvQJDMkGaEM/Qo3LhRx6+e482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZWuuuNjPUERP1SGbkXtYofVCByEap6vpcTvxqcB9CzSo4yWKLRL733BjFJBZWGcKx110OJCTOsDCOczoq9VNMEkwke0a6lEguqw2x+8AyeWmUAh7GyJQ2cq98nMiy0norIdgpsxvq3l4t/ed3UDGthxmSSGirJYtEw5dDEMP8eDpiixPCpJZgoZm+FZIwVJsZmVLQhfH0K/yct3/Uqrn8TlOuXyzgK4BicgDPggSqog2vQAE1AgAAP4Ak8O8p5dF6c10XrirOcOQI/4Lx9ArkQkF8=</latexit>& 0

<latexit sha1_base64="S4s8HzebNudeVaMT8Ow3Ov62nVo="></latexit>

⇤2 ⇠ (2 � 4)
v4

m2
h

⇠ (685 � 978GeV)2

https://www.euclid-ec.org/
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 

1st order PT:
<latexit sha1_base64="S4s8HzebNudeVaMT8Ow3Ov62nVo="></latexit>

⇤2 ⇠ (2 � 4)
v4

m2
h

⇠ (685 � 978GeV)2

EFT expansion valid:
<latexit sha1_base64="g3oDj1NmAPSs8IqLt7kcbEIIFE8=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GwCrtBNIVF0MbCIoJ5QHYNs7OzyZDZBzOzgbDkA2z8FRsLRWz9ADv/xslmC008MHA451zu3OPGnEllmt9GYWV1bX2juFna2t7Z3SvvH7RllAhCWyTikei6WFLOQtpSTHHajQXFgctpxx1dz/zOmArJovBeTWLqBHgQMp8RrLTUL1dsX2CSkn4djR9q09S+1bMe1hRdosyzajplVs0MaJlYOalAjma//GV7EUkCGirCsZQ9y4yVk2KhGOF0WrITSWNMRnhAe5qGOKDSSbNjpuhEKx7yI6FfqFCm/p5IcSDlJHB1MsBqKBe9mfif10uUX3dSFsaJoiGZL/ITjlSEZs0gjwlKFJ9ogolg+q+IDLFuQOn+SroEa/HkZdKuVa3zau3urNK4yusowhEcwylYcAENuIEmtIDAIzzDK7wZT8aL8W58zKMFI585hD8wPn8AsiiaHA==</latexit>

c8v2

⇤2
<

1

2

<latexit sha1_base64="Vs6UxZ60+V1ySMt3lO5KW3M+BnA="></latexit>

V =
1

2
a2h

2 +
1

4
a4h

4 +
1

6

h6

⇤2
+

c8
8

h8

⇤4

https://www.euclid-ec.org/
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 <latexit sha1_base64="6hlU1jD9ybYsqicRuCUrEC6jywA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpoi6LblxJhb6gDWEynbRDJ5MwMynU0C9x40IRt36KO//GaZuFth64l8M59zJ3TpBwprTjfFuFjc2t7Z3ibmlv/+CwbB8dt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjO/mfmdCpWKxaOppQr0IDwULGcHaSL5d7ocSk2ziP8yypmm+XXGqzgJonbg5qUCOhm9/9QcxSSMqNOFYqZ7rJNrLsNSMcDor9VNFE0zGeEh7hgocUeVli8Nn6NwoAxTG0pTQaKH+3shwpNQ0CsxkhPVIrXpz8T+vl+rwxsuYSFJNBVk+FKYc6RjNU0ADJinRfGoIJpKZWxEZYZOENlmVTAju6pfXSbtWda+qtcfLSv02j6MIp3AGF+DCNdThHhrQAgIpPMMrvFlP1ov1bn0sRwtWvnMCf2B9/gAE1pNU</latexit>vN
TN

������ ������ ������ ������ ������ ������ ��������

-��

-�	

��

�	

��

0.6 1.0 1.4 1.8 2.2

MP & Graham White ‘20

<latexit sha1_base64="Vs6UxZ60+V1ySMt3lO5KW3M+BnA="></latexit>

V =
1

2
a2h

2 +
1

4
a4h

4 +
1

6

h6

⇤2
+

c8
8

h8

⇤4

https://www.euclid-ec.org/
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SM-EFT AND ELECTROWEAK PHASE TRANSITION

 

1st order PT:
<latexit sha1_base64="S4s8HzebNudeVaMT8Ow3Ov62nVo="></latexit>

⇤2 ⇠ (2 � 4)
v4

m2
h

⇠ (685 � 978GeV)2

EFT expansion valid:

10% accuracy:
<latexit sha1_base64="CZ/JDNfZ2mSOtXfG6WuicppvjOk=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwVHaLaI9FLx4r2A9olyWbpm1okl2SbKFs+0+8eFDEq//Em//GtN2Dtj4YeLw3w8y8KOFMG8/7djY2t7Z3dgt7xf2Dw6Nj9+S0qeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up/7rTFVmsXyyUwSGgg8kKzPCDZWCl13SsLqFHU51VozgfzQLXllbwG0TvyclCBHPXS/ur2YpIJKQzjWuuN7iQkyrAwjnM6K3VTTBJMRHtCOpRILqoNscfkMXVqlh/qxsiUNWqi/JzIstJ6IyHYKbIZ61ZuL/3md1PSrQcZkkhoqyXJRP+XIxGgeA+oxRYnhE0swUczeisgQK0yMDatoQ/BXX14nzUrZvylXHq9Ltbs8jgKcwwVcgQ+3UIMHqEMDCIzhGV7hzcmcF+fd+Vi2bjj5zBn8gfP5A7fMkxE=</latexit>

|c8| . 1 NB. dependence on c8 also noted for 
electroweak baryogenesis in  
de Vries, van der Vis, White & MP ’17 

<latexit sha1_base64="Vs6UxZ60+V1ySMt3lO5KW3M+BnA="></latexit>

V =
1

2
a2h

2 +
1

4
a4h

4 +
1

6

h6

⇤2
+

c8
8

h8

⇤4

<latexit sha1_base64="g3oDj1NmAPSs8IqLt7kcbEIIFE8=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GwCrtBNIVF0MbCIoJ5QHYNs7OzyZDZBzOzgbDkA2z8FRsLRWz9ADv/xslmC008MHA451zu3OPGnEllmt9GYWV1bX2juFna2t7Z3SvvH7RllAhCWyTikei6WFLOQtpSTHHajQXFgctpxx1dz/zOmArJovBeTWLqBHgQMp8RrLTUL1dsX2CSkn4djR9q09S+1bMe1hRdosyzajplVs0MaJlYOalAjma//GV7EUkCGirCsZQ9y4yVk2KhGOF0WrITSWNMRnhAe5qGOKDSSbNjpuhEKx7yI6FfqFCm/p5IcSDlJHB1MsBqKBe9mfif10uUX3dSFsaJoiGZL/ITjlSEZs0gjwlKFJ9ogolg+q+IDLFuQOn+SroEa/HkZdKuVa3zau3urNK4yusowhEcwylYcAENuIEmtIDAIzzDK7wZT8aL8W58zKMFI585hD8wPn8AsiiaHA==</latexit>

c8v2

⇤2
<

1

2

https://www.euclid-ec.org/
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UV COMPLETIONS

https://www.euclid-ec.org/
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SINGLE NEW (SCALAR) DEGREE OF FREEDOM

<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)

Tree level matching: 

Loop level matching

<latexit sha1_base64="Sa3HCxc2IU4L+abpwcpgKpv0IWY=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4xkUcCGzI79MKE2dllZtaEEH7CiweN8ervePNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfekKleSwfzSRBP6IDyUPOqLFSu0a6EsfE7RVLbtldgKwTLyMlyFDvFb+6/ZilEUrDBNW647mJ8adUGc4EzgrdVGNC2YgOsGOppBFqf7q4d0YurNInYaxsSUMW6u+JKY20nkSB7YyoGepVby7+53VSE976Uy6T1KBky0VhKoiJyfx50ucKmRETSyhT3N5K2JAqyoyNqGBD8FZfXifNStm7LlcerkrVWhZHHs7gHC7Bgxuowj3UoQEMBDzDK7w5Y+fFeXc+lq05J5s5hT9wPn8AwdCPIw==</latexit>

B != 0

<latexit sha1_base64="EyCOCB8btB66YA4QnRZ+T1oXy5w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9CiBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00kPtxu0VS27ZnYOsEi8jJchQ7xW/uv2YpRFXyCQ1puO5CfoTqlEwyaeFbmp4QtmIDnjHUkUjbvzJ/NQpObNKn4SxtqWQzNXfExMaGTOOAtsZURyaZW8m/ud1Ugyv/YlQSYpcscWiMJUEYzL7m/SF5gzl2BLKtLC3EjakmjK06RRsCN7yy6ukWSl7l+XK/UWpWsviyMMJnMI5eHAFVbiDOjSAwQCe4RXeHOm8OO/Ox6I152Qzx/AHzucPhnmNTg==</latexit>

B = 0
<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U
<latexit sha1_base64="VVyfaEIjAXudVX12U2EqlztCAhc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALBvjN4=</latexit>

S

<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U

<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U

<latexit sha1_base64="7Gy0ZW49+Byo51YNunpyloqX7L8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26l6z3ni4qrVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEV0o5G</latexit>

�

<latexit sha1_base64="yXWy4uLoK9aF9asSbYGLruXrDp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJarjM0=</latexit>

B
<latexit sha1_base64="7Gy0ZW49+Byo51YNunpyloqX7L8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26l6z3ni4qrVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEV0o5G</latexit>

�
<latexit sha1_base64="SKmqawQO3pEIEO2ZqQ0XjVi3NdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+SVq3qXVZrzYtK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8fs3eM4A==</latexit>

U
<latexit sha1_base64="VVyfaEIjAXudVX12U2EqlztCAhc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1mu1C9K1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALBvjN4=</latexit>

S <latexit sha1_base64="yXWy4uLoK9aF9asSbYGLruXrDp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd12uNK5K1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJarjM0=</latexit>

B

<latexit sha1_base64="Sdoyz3QlbuYiYi8Wh0OG4oFtPCA=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkRVRwU3TjsoJ9YBPCZDpph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/reJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn4nUciFY3FvR4nxOdoIGhEMdJGCuzD6kNQh94VzDzJoRpzTrQc56eBXXFqzhRwkbgFqYACzcD+8voxTjkRGjOkVM91Eu1nSGqKGcnLXqpIgvAIDUjPUIE4UX42fSCHJ0bpwyiWpoSGU/X3RIa4MreFppMjPVTz3kT8z+ulOrr0MyqSVBOBZ4uilEEdw0kasE8lwZqNDUFYUnMrxEMkEdYms7IJwZ1/eZG06zX3vFa/O6s0ros4SuAIHIMqcMEFaIBb0AQtgEEOnsEreLOerBfr3fqYtS5ZxcwB+APr8wcv3ZWI</latexit>

(Z2 symmetry)

Henning et al. ‘16

<latexit sha1_base64="S+ZfFxWE5iKWEKmxDsN1nMQ07NE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FiSItWNUHTjQqGCvUCThslk0g6dXJiZCCXNU7jxVdy4UMStuPNtnLRdaOsPAx//OYcz53djRoU0jG+tsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXeb39QLigUXgvRzGxA9QPqU8xkspy9BPLI0wimFoYMXiTwQuIHSseUGj5HOF0nPO4V8vS2141c/SyUTEmgotgzqAMZmo4+pflRTgJSCgxQ0J0TSOWdoq4pJiRrGQlgsQID1GfdBWGKCDCTidnZfBIOR70I65eKOHE/T2RokCIUeCqzgDJgZiv5eZ/tW4i/XM7pWGcSBLi6SI/YVBGMM8IepQTLNlIAcKcqr9CPEAqDqmSLKkQzPmTF6FVrZi1SvXutFy/nMVRBAfgEBwDE5yBOrgGDdAEGDyCZ/AK3rQn7UV71z6mrQVtNrMP/kj7/AFAAp7U</latexit>

�L = c�
|�|6

M2



Electroweak phase transition: is EFT just a toy?27

LOOP LEVEL MATCHING

<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)
<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)

<latexit sha1_base64="LXZeL7AwgpvepBz+Vd0rH4JvaoE="></latexit>

L e! =
cS

(4! )2

!
!

1
6

U3

M 2 +
1
24

U4

M 4 + ...
"

<latexit sha1_base64="am+60vfb4UwIfgsezj1co/SEKps=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahIpSkiHosevFYwbSFNpbNdtsu3WzC7qZQQv+JFw+KePWfePPfuGlz0NYHA4/3ZnZnXhBzprTjfFuFtfWNza3idmlnd2//wD48aqookYR6JOKRbAdYUc4E9TTTnLZjSXEYcNoKxneZ35pQqVgkHvU0pn6Ih4INGMHaSD3bvkCVboylZpg/CeSd9+yyU3XmQKvEzUkZcjR69le3H5EkpEITjpXquE6s/TR7knA6K3UTRWNMxnhIO4YKHFLlp/PNZ+jMKH00iKQpodFc/T2R4lCpaRiYzhDrkVr2MvE/r5PowY2fMhEnmgqy+GiQcKQjlMWA+kxSovnUEEwkM7siMsISE23CKpkQ3OWTV0mzVnWvqrWHy3L9No+jCCdwChVw4RrqcA8N8IDABJ7hFd6s1Hqx3q2PRWvBymeO4Q+szx/IRJJ4</latexit>

+(@n U)

<latexit sha1_base64="0yzGBcW/iVEcr7WbuAQRN7tWvRc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mKqBeh6MVjBdMWmlgm2227dJMsu5tCSftPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvFBwprTjfFuFtfWNza3idmlnd2//wD48aqgklYR6JOGJbIWgKGcx9TTTnLaEpBCFnDbD4d3Mb46oVCyJH/VY0CCCfsx6jIA2Use2vRt/CELAxBcDNnmqduyyU3HmwKvEzUkZ5ah37C+/m5A0orEmHJRqu47QQQZSM8LptOSnigogQ+jTtqExRFQF2fzyKT4zShf3Emkq1niu/p7IIFJqHIWmMwI9UMveTPzPa6e6dx1kLBappjFZLOqlHOsEz2LAXSYp0XxsCBDJzK2YDEAC0SaskgnBXX55lTSqFfeyUn24KNdu8ziK6ASdonPkoitUQ/eojjxE0Ag9o1f0ZmXWi/VufSxaC1Y+c4z+wPr8AUtKk3I=</latexit>

U = ! |" |2

up to subdominant            terms

with

1st order PT:
<latexit sha1_base64="LPApfQn6udf1k+PDeuvUX1N6to4="></latexit>

cS ! 2

(4" )2

U
M

!
4m2

h

v2 " 0.5<latexit sha1_base64="dSGkyJ9yh4FtXN3IeyG8yp8NxWE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffmuMvQ==</latexit>

2



Electroweak phase transition: is EFT just a toy?28

LOOP LEVEL MATCHING

<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)
<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)

<latexit sha1_base64="LXZeL7AwgpvepBz+Vd0rH4JvaoE="></latexit>

L e! =
cS

(4! )2

!
!

1
6

U3

M 2 +
1
24

U4

M 4 + ...
"

<latexit sha1_base64="am+60vfb4UwIfgsezj1co/SEKps=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahIpSkiHosevFYwbSFNpbNdtsu3WzC7qZQQv+JFw+KePWfePPfuGlz0NYHA4/3ZnZnXhBzprTjfFuFtfWNza3idmlnd2//wD48aqookYR6JOKRbAdYUc4E9TTTnLZjSXEYcNoKxneZ35pQqVgkHvU0pn6Ih4INGMHaSD3bvkCVboylZpg/CeSd9+yyU3XmQKvEzUkZcjR69le3H5EkpEITjpXquE6s/TR7knA6K3UTRWNMxnhIO4YKHFLlp/PNZ+jMKH00iKQpodFc/T2R4lCpaRiYzhDrkVr2MvE/r5PowY2fMhEnmgqy+GiQcKQjlMWA+kxSovnUEEwkM7siMsISE23CKpkQ3OWTV0mzVnWvqrWHy3L9No+jCCdwChVw4RrqcA8N8IDABJ7hFd6s1Hqx3q2PRWvBymeO4Q+szx/IRJJ4</latexit>

+(@n U)

<latexit sha1_base64="0yzGBcW/iVEcr7WbuAQRN7tWvRc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mKqBeh6MVjBdMWmlgm2227dJMsu5tCSftPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvFBwprTjfFuFtfWNza3idmlnd2//wD48aqgklYR6JOGJbIWgKGcx9TTTnLaEpBCFnDbD4d3Mb46oVCyJH/VY0CCCfsx6jIA2Use2vRt/CELAxBcDNnmqduyyU3HmwKvEzUkZ5ah37C+/m5A0orEmHJRqu47QQQZSM8LptOSnigogQ+jTtqExRFQF2fzyKT4zShf3Emkq1niu/p7IIFJqHIWmMwI9UMveTPzPa6e6dx1kLBappjFZLOqlHOsEz2LAXSYp0XxsCBDJzK2YDEAC0SaskgnBXX55lTSqFfeyUn24KNdu8ziK6ASdonPkoitUQ/eojjxE0Ag9o1f0ZmXWi/VufSxaC1Y+c4z+wPr8AUtKk3I=</latexit>

U = ! |" |2

up to subdominant            terms

with

1st order PT:
<latexit sha1_base64="LPApfQn6udf1k+PDeuvUX1N6to4="></latexit>

cS ! 2

(4" )2

U
M

!
4m2

h

v2 " 0.5

<latexit sha1_base64="n61tp307vvEVsY86E+NDxs8nvnk=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaeut6MVjBfsBbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OlZQv0IjwULGcHaSO0B58gdliuOfdmoedUacmzHqbuemxOvXr2oItcoOSqwQmtYfh+MYpJGVGjCsVJ910m0n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYcPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof9LxbLdme7fVSvNqFUcRTuAUzsGFOjThBlrQBgIMHuAJni1hPVov1uuytWCtZo7hB6y3T3e7jno=</latexit>⌧ 1
<latexit sha1_base64="n61tp307vvEVsY86E+NDxs8nvnk=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaeut6MVjBfsBbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OlZQv0IjwULGcHaSO0B58gdliuOfdmoedUacmzHqbuemxOvXr2oItcoOSqwQmtYfh+MYpJGVGjCsVJ910m0n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYcPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof9LxbLdme7fVSvNqFUcRTuAUzsGFOjThBlrQBgIMHuAJni1hPVov1uuytWCtZo7hB6y3T3e7jno=</latexit>

! 1 perturbativity & EFT validity

!

<latexit sha1_base64="dSGkyJ9yh4FtXN3IeyG8yp8NxWE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqu15kWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffmuMvQ==</latexit>

2



Electroweak phase transition: is EFT just a toy?29

TREE LEVEL MATCHING

<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)

eom:

EW precision: - singlet 
- doublet  !   (wrong sign dim-6 term)

<latexit sha1_base64="Ju1M3XML3moHmlIUylgeWDBgFPo=">AAACAHicbVA9SwNBEJ2LXzF+nVpY2CwGQRDCXRC1EUK0sBEiekkgiWFvs5cs2ftgd08IxzX+FRsLRWz9GXb+GzfJFZr4YODx3gwz89yIM6ks69vILSwuLa/kVwtr6xubW+b2Tl2GsSDUISEPRdPFknIWUEcxxWkzEhT7LqcNd3g59huPVEgWBvdqFNGOj/sB8xjBSktdc+8OXaC2JzBJqmly9VA+vtHlpF2zaJWsCdA8sTNShAy1rvnV7oUk9mmgCMdStmwrUp0EC8UIp2mhHUsaYTLEfdrSNMA+lZ1k8kCKDrXSQ14odAUKTdTfEwn2pRz5ru70sRrIWW8s/ue1YuWddxIWRLGiAZku8mKOVIjGaaAeE5QoPtIEE8H0rYgMsE5D6cwKOgR79uV5Ui+X7NNS+fakWKlmceRhHw7gCGw4gwpcQw0cIJDCM7zCm/FkvBjvxse0NWdkM7vwB8bnD0e+lO4=</latexit>

S =
B

D 2 + M 2 + U
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TREE LEVEL MATCHING — SINGLET

<latexit sha1_base64="HLOeslJBPkmCnrsktpVzaGiOFFQ="></latexit>

LUV = (S†B(�) + .h.c.) + S†(�D2
�M2

� U(�))S +O(S3)

<latexit sha1_base64="YJs6yfTzBclNZDAmIx4IH5hUpro="></latexit>

L e↵ =
1

8

A2h4

M2

!
U

M2
+

U2

M4
+ ..

"

<latexit sha1_base64="B2GhwnFYo6tafvs7xqL8FzLi+Jo=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjcTEE2mJUY+IF4+YyEdCK9kuW9iw3Ta7Ww0BfooXDxrj1V/izX/jAj0o+JJJXt6bycy8IOFMacf5tnJr6xubW/ntws7u3v6BXTxsqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsY3sz81iOVisXiXo8S6ke4L1jICNZG6trFGvIUi9A1mnjJgE0eKl275JSdOdAqcTNSggz1rv3l9WKSRlRowrFSHddJtD/GUjPC6bTgpYommAxxn3YMFTiiyh/PT5+iU6P0UBhLU0Kjufp7YowjpUZRYDojrAdq2ZuJ/3mdVIdX/piJJNVUkMWiMOVIx2iWA+oxSYnmI0MwkczcisgAS0y0SatgQnCXX14lzUrZvShX7s5L1VoWRx6O4QTOwIVLqMIt1KEBBJ7gGV7hzZpYL9a79bFozVnZzBH8gfX5A7+Pkwk=</latexit>

B ! A|! |2

<latexit sha1_base64="0yzGBcW/iVEcr7WbuAQRN7tWvRc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0mKqBeh6MVjBdMWmlgm2227dJMsu5tCSftPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvFBwprTjfFuFtfWNza3idmlnd2//wD48aqgklYR6JOGJbIWgKGcx9TTTnLaEpBCFnDbD4d3Mb46oVCyJH/VY0CCCfsx6jIA2Use2vRt/CELAxBcDNnmqduyyU3HmwKvEzUkZ5ah37C+/m5A0orEmHJRqu47QQQZSM8LptOSnigogQ+jTtqExRFQF2fzyKT4zShf3Emkq1niu/p7IIFJqHIWmMwI9UMveTPzPa6e6dx1kLBappjFZLOqlHOsEz2LAXSYp0XxsCBDJzK2YDEAC0SaskgnBXX55lTSqFfeyUn24KNdu8ziK6ASdonPkoitUQ/eojjxE0Ag9o1f0ZmXWi/VufSxaC1Y+c4z+wPr8AUtKk3I=</latexit>

U = ! |" |2

up to subdominant            terms

with

<latexit sha1_base64="am+60vfb4UwIfgsezj1co/SEKps=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahIpSkiHosevFYwbSFNpbNdtsu3WzC7qZQQv+JFw+KePWfePPfuGlz0NYHA4/3ZnZnXhBzprTjfFuFtfWNza3idmlnd2//wD48aqookYR6JOKRbAdYUc4E9TTTnLZjSXEYcNoKxneZ35pQqVgkHvU0pn6Ih4INGMHaSD3bvkCVboylZpg/CeSd9+yyU3XmQKvEzUkZcjR69le3H5EkpEITjpXquE6s/TR7knA6K3UTRWNMxnhIO4YKHFLlp/PNZ+jMKH00iKQpodFc/T2R4lCpaRiYzhDrkVr2MvE/r5PowY2fMhEnmgqy+GiQcKQjlMWA+kxSovnUEEwkM7siMsISE23CKpkQ3OWTV0mzVnWvqrWHy3L9No+jCCdwChVw4RrqcA8N8IDABJ7hFd6s1Hqx3q2PRWvBymeO4Q+szx/IRJJ4</latexit>

+(@n U)

1st order PT:
<latexit sha1_base64="03w4Imk920BR4IFu9YNb7wCMYAA="></latexit>

A2

M 2

U
M 2

!
4
3

m2
h

v2
" 0.2

<latexit sha1_base64="n61tp307vvEVsY86E+NDxs8nvnk=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaeut6MVjBfsBbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OlZQv0IjwULGcHaSO0B58gdliuOfdmoedUacmzHqbuemxOvXr2oItcoOSqwQmtYfh+MYpJGVGjCsVJ910m0n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYcPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof9LxbLdme7fVSvNqFUcRTuAUzsGFOjThBlrQBgIMHuAJni1hPVov1uuytWCtZo7hB6y3T3e7jno=</latexit>

! 1

marginal
<latexit sha1_base64="FwXLfqKY2hoxt+8SO/uSFPOpZJc=">AAAB+HicdVDLSsNAFJ3UV62PRl26GS1C3YQkhrbuim5cVrAPaGKZTCft0MmDmYlQQ7/EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRpfmiFldW19Y3iZmlre2e3rO/td0ScckzaOGYx7/lIEEYj0pZUMtJLOEGhz0jXn1zmfveOcEHj6EZOE+KFaBTRgGIklTTQyy5j0D2CVcdN6OmtPdArpnHeqNlODZqGadYt28qJXXfOHGgpJUcFLNEa6O/uMMZpSCKJGRKib5mJ9DLEJcWMzEpuKkiC8ASNSF/RCIVEeNn88Bk8UcoQBjFXFUk4V79PZCgUYhr6qjNEcix+e7n4l9dPZdDwMholqSQRXiwKUgZlDPMU4JBygiWbKoIwp+pWiMeIIyxVViUVwten8H/SsQ2rZtjXTqV5sYyjCA7BMagCC9RBE1yBFmgDDFLwAJ7As3avPWov2uuitaAtZw7AD2hvn5gEkcU=</latexit>

! (4! )2
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TREE LEVEL MATCHING — SINGLET
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<latexit sha1_base64="FbOZxVjuyR3NOSLoSckbXrUiZnI=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyWol6EohePFeyHtEuZTbNtaJINSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixRnxvr+t5dbW9/Y3MpvF3Z29/YPiodHTZOkmtAGSXii2xEYypmkDcssp22lKYiI01Y0up35rSeqDUvkgx0rGgoYSBYzAtZJj90RKAX4utorlvyyPwdeJUFGSihDvVf86vYTkgoqLeFgTCfwlQ0noC0jnE4L3dRQBWQEA9pxVIKgJpzMD57iM6f0cZxoV9Liufp7YgLCmLGIXKcAOzTL3kz8z+ukNr4KJ0yq1FJJFovilGOb4Nn3uM80JZaPHQGimbsVkyFoINZlVHAhBMsvr5JmpRxclCv31VLtJosjj07QKTpHAbpENXSH6qiBCBLoGb2iN097L96797FozXnZzDH6A+/zB+rRj9U=</latexit>

! = 4

<latexit sha1_base64="wABxXNsLXyVGq0TK3NJnan5ZONA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5DUV0GEohsXLirYBzQxTKaTdujkwcykUEL/wI2/4saFIm7duvNvnLZZaOuBgcM593DnHi9mVEjT/NZyC4tLyyv51cLa+sbmlr690xBRwjGp44hFvOUhQRgNSV1SyUgr5gQFHiNNr3899psDwgWNwns5jIkToG5IfYqRVJKrH9o+RzjFbgUOHsqj1L5V2Q5S9BKaxql9AUumcXzk6kXTMCeA88TKSBFkqLn6l92JcBKQUGKGhGhbZiydFHFJMSOjgp0IEiPcR13SVjREARFOOrlnBA+U0oF+xNULJZyovxMpCoQYBp6aDJDsiVlvLP7ntRPpV5yUhnEiSYini/yEQRnBcTmwQznBkg0VQZhT9VeIe0gVJFWFBVWCNXvyPGmUDevMKN+dFKtXWR15sAf2QQlY4BxUwQ2ogTrA4BE8g1fwpj1pL9q79jEdzWlZZhf8gfb5A8spmew=</latexit>

c8v2

! 2 = 0 .5 (0.3)

<latexit sha1_base64="zEHG29Wd4A9Q7Rf2Bn2tOCjUWrM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3YSkiAoiFN24kiqmLTQxTKaTdujkwcxEKKHgxl9x40IRt/6EO//GaZuFth64cDjnXu69x08YFdI0v7XCwuLS8kpxtbS2vrG5pW/vNEWcckxsHLOYt30kCKMRsSWVjLQTTlDoM9LyB5djv/VAuKBxdCeHCXFD1ItoQDGSSvL0vVvv+j5zeAgrdrM6gufQcs5gxTJqVU8vm4Y5AZwnVk7KIEfD07+cbozTkEQSMyRExzIT6WaIS4oZGZWcVJAE4QHqkY6iEQqJcLPJDyN4qJQuDGKuKpJwov6eyFAoxDD0VWeIZF/MemPxP6+TyuDUzWiUpJJEeLooSBmUMRwHAruUEyzZUBGEOVW3QtxHHGGpYiupEKzZl+dJs2ZYx0bt5qhcv8jjKIJ9cAAqwAInoA6uQAPYAINH8AxewZv2pL1o79rHtLWg5TO74A+0zx81zpSp</latexit>

R(UV)
N = 1 (1 .2)

<latexit sha1_base64="CZXFZdnUnc6Q8KZRi2bThITlzO8=">AAACC3icbVBLSwMxGMzWV62vVY9eQotQLyVbpBZEKHrQg4cK9gHdpWSz2TY0+yDJCmXp3Yt/xYsHRbz6B7z5b0zbPWjrQMgwMx/JN27MmVQIfRu5ldW19Y38ZmFre2d3z9w/aMsoEYS2SMQj0XWxpJyFtKWY4rQbC4oDl9OOO7qa+p0HKiSLwns1jqkT4EHIfEaw0lLfLNq3OuxheAFrCEH7HJbrCJ3oO7VFAK9pe9I3S6iCZoDLxMpICWRo9s0v24tIEtBQEY6l7FkoVk6KhWKE00nBTiSNMRnhAe1pGuKASied7TKBx1rxoB8JfUIFZ+rviRQHUo4DVycDrIZy0ZuK/3m9RPl1J2VhnCgakvlDfsKhiuC0GOgxQYniY00wEUz/FZIhFpgoXV9Bl2AtrrxM2tWKVatU705Ljcusjjw4AkVQBhY4Aw1wA5qgBQh4BM/gFbwZT8aL8W58zKM5I5s5BH9gfP4Aa+iXgg==</latexit>

! = 600 (800) GeV

<latexit sha1_base64="6rO7WajQgzhls7ECX33KK830BxA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5IUUTdC0Y2rUqVpC00Mk+mkHTp5MDMplJCtG3/FjQtF3PoH7vwbp20W2nrgXg7n3MvMPV7MqJCG8a0VVlbX1jeKm6Wt7Z3dPX3/oC2ihGNi4YhFvOshQRgNiSWpZKQbc4ICj5GON7qZ+p0x4YJGYUtOYuIEaBBSn2IkleTq8N5tPKQ2D2DFap9m8AraPkc4HbuNLG2p5uplo2rMAJeJmZMyyNF09S+7H+EkIKHEDAnRM41YOinikmJGspKdCBIjPEID0lM0RAERTjq7JIMnSulDP+KqQgln6u+NFAVCTAJPTQZIDsWiNxX/83qJ9C+dlIZxIkmI5w/5CYMygtNYYJ9ygiWbKIIwp+qvEA+RSkKq8EoqBHPx5GXSrlXN82rt7qxcv87jKIIjcAwqwAQXoA5uQRNYAINH8AxewZv2pL1o79rHfLSg5TuH4A+0zx/LLpkn</latexit>

R(UV)
N =

vN

TN

<latexit sha1_base64="Nlm1lhiQLPvARl4P1IeV5X63ODA=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5IUUTdCURRXpUpf0MQwmU7aoZMHM5NCCVm78VfcuFDErV/gzr9x2mah1QP3cjjnXmbucSNGhTSMLy23sLi0vJJfLaytb2xu6ds7LRHGHJMmDlnIOy4ShNGANCWVjHQiTpDvMtJ2h5cTvz0iXNAwaMhxRGwf9QPqUYykkhx9/86p3ScW92Hp6rpxlMJzaHkc4WTk1NKkoZqjF42yMQX8S8yMFEGGuqN/Wr0Qxz4JJGZIiK5pRNJOEJcUM5IWrFiQCOEh6pOuogHyibCT6SkpPFRKD3ohVxVIOFV/biTIF2Lsu2rSR3Ig5r2J+J/XjaV3Zic0iGJJAjx7yIsZlCGc5AJ7lBMs2VgRhDlVf4V4gFQSUqVXUCGY8yf/Ja1K2TwpV26Pi9WLLI482AMHoARMcAqq4AbUQRNg8ACewAt41R61Z+1Ne5+N5rRsZxf8gvbxDUc0mWU=</latexit>

R(EFT)
N =

vN
TN

MP & Graham White ‘20

qualitative agreement w/ 
Damgaard et al. ’16 
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TREE LEVEL MATCHING — SINGLET
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<latexit sha1_base64="bRs0bosvHZS/p/FE+2acVwklDQs=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoqHh0YKlgYGIpEH1ITIsdxWquOE9lOpSrqyMKvsDCAECufwMbf4D4GaDmSpaNz7tH1PUHKqFS2/W0UlpZXVteK66WNza3tHXN3rymTTGDSwAlLRDtAkjDKSUNRxUg7FQTFASOtoH899lsDIiRN+L0apsSLUZfTiGKktOSbh24kEM6xX4WDh8ood291NkSawktoW2e+WbYtewK4SJwZKYMZ6r755YYJzmLCFWZIyo5jp8rLkVAUMzIquZkkKcJ91CUdTTmKifTyySEjeKyVEEaJ0I8rOFF/J3IUSzmMAz0ZI9WT895Y/M/rZCqqejnlaaYIx9NFUcagSuC4FRhSQbBiQ00QFlT/FeIe0s0o3V1Jl+DMn7xImhXLObcqd6fl2tWsjiI4AEfgBDjgAtTADaiDBsDgETyDV/BmPBkvxrvxMR0tGLPMPvgD4/MHO5WYLA==</latexit>

c8v2

! 2 < 0.5

<latexit sha1_base64="R7+vEHvxvhQpPd6d2AsVxFrDdZU=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKgg4MFSwMDEWiD6kJkeM4rVXHiWynUhV1ZOFXWBhAiJVPYONvcB8DtBzJ0tE59+j6niBlVCrb/jYKS8srq2vF9dLG5tb2jrm715RJJjBp4IQloh0gSRjlpKGoYqSdCoLigJFW0L8e+60BEZIm/F4NU+LFqMtpRDFSWvLNQzcSCOfYr8LBQ2WUu7c6GyJN4SW0rVPfLNuWPQFcJM6MlMEMdd/8csMEZzHhCjMkZcexU+XlSCiKGRmV3EySFOE+6pKOphzFRHr55JARPNZKCKNE6McVnKi/EzmKpRzGgZ6MkerJeW8s/ud1MhVVvZzyNFOE4+miKGNQJXDcCgypIFixoSYIC6r/CnEP6WaU7q6kS3DmT14kzYrlnFuVu7Ny7WpWRxEcgCNwAhxwAWrgBtRBA2DwCJ7BK3gznowX4934mI4WjFlmH/yB8fkDOI2YKg==</latexit>

c8v2

! 2 < 0.3

dim 6

dim 6 + 8

dim 6 + 8 + 
derivative

MP & Graham White ‘20
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CONCLUSIONS

first order electroweak phase transition

SM-EFT description not useful

results can be generalized to dark sector phase transitions

- requires new physics

- cosmological probes: gravitational waves, baryogenesis, ..

- only singlet extension w/o Z2-symm, only in part of parameter space, 
include dim-8 terms 
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RESULTS FOR BARYON ASYMMETRY

 

Planck bound

"

"  - including tau leptons
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