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<latexit sha1_base64="/vC2aygl6NbRAdTmSS6Gjte6iuM="></latexit>
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- baryon number violation  ✓  sphalerons   
- C, CP violation                  ✗ 
- out of equilibrium             ✗

SAKHAROV CONDITIONS
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- baryon number violation  ✓  sphalerons   
- C, CP violation                  ✗ 
- out of equilibrium             ✗

??

SAKHAROV CONDITIONS: NEED NEW PHYSICS
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leptogenesis, Affleck-Dine baryogenesis, pangenesis, 
mesongenesis, electroweak baryogenesis, Wimpy 
baryogenesis, GUT baryogenesis, darkogenesis, 
cogenesis, gravitational baryogenesis, wash-in 

leptogenesis, axiogenesis, scotogenesis, spontaneous 
baryogenesis, domain-wall-genesis, topological 

leptogenesis, scalar-tensor baryogenesis, oogenesis, 
gravity assisted baryogenesis, phase separation 

baryogenesis, gravitational chargegenesis, sphaleron 
portal baryogenesis, clockwork neutrino genesis, 
freeze-in baryogenesis, fireball baryogenesis,…
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- baryon number violation  ✓  sphalerons   
- C, CP violation                      new CP sources 
- out of equilibrium                 1st order EW phase transitions

SAKHAROV CONDITIONS: ELECTROWEAK BARYOGENESIS
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TESTING ELECTROWEAK BARYOGENES

colliders gravitational waveselectric dipole moment

electron
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ELECTRIC DIPOLE MOMENT

electron
<latexit sha1_base64="i2J10BCEihLlhNjJkuCqe7SmVkQ=">AAACHnicbVDLSgMxFM3UV62vUZdugkVoFy0zUqoboVSELivaB3SGkslk2tDMgyRTLEN/xJWf4kpQEBdu9G9Mp11o64ELJ+fcS+49TsSokIbxrWXW1jc2t7LbuZ3dvf0D/fCoLcKYY9LCIQt510GCMBqQlqSSkW7ECfIdRjrO6Hrmd8aECxoG93ISEdtHg4B6FCOppL5eaVyVLD8uWGOC4R20sBtKmD7qRVhy4T/GTbGv542ykQKuEnNB8mCBZl//tNwQxz4JJGZIiJ5pRNJOEJcUMzLNWbEgEcIjNCA9RQPkE2EnD+l5U3imJBd6IVcVSJiqv0cS5Asx8R3V6SM5FMveTPzP68XSu7QTGkSxJAGef+TFDMoQzrKCLuUESzZRBGFO1bIQDxFHWKpEcyoFc/nmVdI+L5vVcvW2kq/VF3lkwQk4BQVgggtQAw3QBC2AwSN4Bq/gTXvSXrR37WPemtEWM8fgD7SvH89rn0A=</latexit>

H = →µ(ωS · ωB)→ d(ωS · ωE)
<latexit sha1_base64="7Qvforq31vyRM1JmncHnrW4JhJs="></latexit>

CP→ H = ↑µ(ωS · ωB) + d(ωS · ωE)
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ELECTRIC DIPOLE MOMENT

electron

<latexit sha1_base64="oWD8wEjkK9l5s/MzXCJ2cSjORNY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2FpoQ9lsJ+3SzSbsbsQS+gs8CQri1Z/kyX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lx7cx/eESleSzvzSRBP6JDyUPOqLFSE/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WdP80un5MxKAxLGypY0ZK7+HslopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/nmVtC+qXq1aa15W6jd5HkU4gVM4Bw+uoA530IAWMEB4hld4c8bOi/PufCxaC04+cwx/4Hz+AJRnjXI=</latexit>e

<latexit sha1_base64="VE/P8wsd4BL+ShOVrJFrdnXg9Jo=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkAbymS7aZfubuLuRiylP8KToCBe/T2e/Ddu2hy09cHA470ZZuaFCWfaeN63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1Q9SUM0kbhhlO24miKEJOW+HoJvNbj1RpFst7M05oIHAgWcQIGiu1ugMUAou9UtmreDO4y8TPSRly1Hulr24/Jqmg0hCOWnd8LzHBBJVhhNNpsZtqmiAZ4YB2LJUoqA4mT7N7p+6plfpuFCtb0rgz9ffIBIXWYxHaToFmqBe9TPzP66QmugomTCapoZLMF0Upd03sZs+7faYoMXxsCRLF7LEuGaJCYmxEWQr+4s/LpHle8auV6t1FuXad51GAYziBM/DhEmpwC3VoAIERPMMrvDkPzovz7nzMW1ecfOYI/sD5/AGKZI+y</latexit>ω

from J. de Vries
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ELECTRIC DIPOLE MOMENT

electron

<latexit sha1_base64="oWD8wEjkK9l5s/MzXCJ2cSjORNY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2FpoQ9lsJ+3SzSbsbsQS+gs8CQri1Z/kyX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lx7cx/eESleSzvzSRBP6JDyUPOqLFSE/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WdP80un5MxKAxLGypY0ZK7+HslopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/nmVtC+qXq1aa15W6jd5HkU4gVM4Bw+uoA530IAWMEB4hld4c8bOi/PufCxaC04+cwx/4Hz+AJRnjXI=</latexit>e

<latexit sha1_base64="VE/P8wsd4BL+ShOVrJFrdnXg9Jo=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkAbymS7aZfubuLuRiylP8KToCBe/T2e/Ddu2hy09cHA470ZZuaFCWfaeN63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1Q9SUM0kbhhlO24miKEJOW+HoJvNbj1RpFst7M05oIHAgWcQIGiu1ugMUAou9UtmreDO4y8TPSRly1Hulr24/Jqmg0hCOWnd8LzHBBJVhhNNpsZtqmiAZ4YB2LJUoqA4mT7N7p+6plfpuFCtb0rgz9ffIBIXWYxHaToFmqBe9TPzP66QmugomTCapoZLMF0Upd03sZs+7faYoMXxsCRLF7LEuGaJCYmxEWQr+4s/LpHle8auV6t1FuXad51GAYziBM/DhEmpwC3VoAIERPMMrvDkPzovz7nzMW1ecfOYI/sD5/AGKZI+y</latexit>ω

<latexit sha1_base64="W9CS1hnwgSIIGwgeIeXhBmAIbig="></latexit>

L � ytp
2
�

✓
1 + c

�2

⇤2

◆
t̄LtR + h.c.e.g. 

<latexit sha1_base64="hCiU7fRof8iSfcqGBJepSxcFJ80=">AAACCHicbVDLSgMxFL3js9ZX1aUgwSK4kDIj+NhZcKPgokJf0BlKJpO2ocnMkGTEMnTnyk9xJSiIW79AcOXfmE670NYDgcM553Jzjx9zprRtf1tz8wuLS8u5lfzq2vrGZmFru66iRBJaIxGPZNPHinIW0ppmmtNmLCkWPqcNv3858ht3VCoWhVU9iKkncDdkHUawNlK7sOfemHCAkdvVJiWQYyP3KHWlQFVaH7YLRbtkZ0CzxJmQ4sUnZKi0C19uEJFE0FATjpVqOXasvRRLzQinw7ybKBpj0sdd2jI0xIIqL73PDhmiAyMFqBNJ80KNMvX3SIqFUgPhm6TAuqemvZH4n9dKdOfcS1kYJ5qGZLyok3CkIzRqBQVMUqL5wBBMJDOfRaSHJSbadJc3LTjTN8+S+nHJOS2d3DrF8vW4DsjBLuzDIThwBmW4ggrUgMADPMELvFqP1rP1Zr2Po3PWZGYH/sD6+AE4npms</latexit>

⇤ & 10TeV

<latexit sha1_base64="w3AtBQSfrJ+Vwe8Ccue3Yupa+3A=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2FpoQ9lsJ+3SzSbsbsQS+gs8CQri1Z/kyX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lx7cx/eESleSzvzSRBP6JDyUPOqLFS0/TLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s+e5pdOyZmVBiSMlS1pyFz9PZLRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2WMJGVFFmbDglm4K3/PMqaV9UvVq11rys1G/yPIpwAqdwDh5cQR3uoAEtYIDwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AasyjYE=</latexit>

t

<latexit sha1_base64="VE/P8wsd4BL+ShOVrJFrdnXg9Jo=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkAbymS7aZfubuLuRiylP8KToCBe/T2e/Ddu2hy09cHA470ZZuaFCWfaeN63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1Q9SUM0kbhhlO24miKEJOW+HoJvNbj1RpFst7M05oIHAgWcQIGiu1ugMUAou9UtmreDO4y8TPSRly1Hulr24/Jqmg0hCOWnd8LzHBBJVhhNNpsZtqmiAZ4YB2LJUoqA4mT7N7p+6plfpuFCtb0rgz9ffIBIXWYxHaToFmqBe9TPzP66QmugomTCapoZLMF0Upd03sZs+7faYoMXxsCRLF7LEuGaJCYmxEWQr+4s/LpHle8auV6t1FuXad51GAYziBM/DhEmpwC3VoAIERPMMrvDkPzovz7nzMW1ecfOYI/sD5/AGKZI+y</latexit>ω

<latexit sha1_base64="oWD8wEjkK9l5s/MzXCJ2cSjORNY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2FpoQ9lsJ+3SzSbsbsQS+gs8CQri1Z/kyX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lx7cx/eESleSzvzSRBP6JDyUPOqLFSE/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WdP80un5MxKAxLGypY0ZK7+HslopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7LGEjqigzNpySTcFb/nmVtC+qXq1aa15W6jd5HkU4gVM4Bw+uoA530IAWMEB4hld4c8bOi/PufCxaC04+cwx/4Hz+AJRnjXI=</latexit>e

<latexit sha1_base64="h+aakyEG5DsHhZShyvzvuKUHQHU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48t2FpoQ9lsJ+3SzSbsbsQS+gs8CQri1Z/kyX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVCahGwSW2DDcCO4lCGgUCH4Lx7cx/eESleSzvzSRBP6JDyUPOqLFSc9QvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj97ml86JWdWGpAwVrakIXP190hGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbYwkbUUWZseGUbAre8s+rpH1R9WrVWvOyUr/J8yjCCZzCOXhwBXW4gwa0gAHCM7zCmzN2Xpx352PRWnDymWP4A+fzB5j2jXU=</latexit>

h
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TESTING ELECTROWEAK BARYOGENES

gravitational wavescolliderselectric dipole moment

electron
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1ST ORDER PHASE TRANSITION

1st order 2nd order/cross over
<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'
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1ST ORDER PHASE TRANSITION

1st order

K

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

2nd order/cross over
<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'
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TESTING EXTENDED HIGGS SECTOR

- need order one corrections: SMEFT fails, model dependent 

- new contributions to red: large couplings, hard to probe 

- new contributions to black: mixing, direct probe of potential 

G. White & MP 2020

<latexit sha1_base64="sjG9wMzXpRig+0mQqwe9O2JIq20=">AAACLHicbVDLSgMxFM3UV62vqks3wSK0KGVGpLoRSt24rNAXdMqQSe+0oZkHSaZYhv6PKz/FjYKKuPU7TB9CrR4IHM45l3tz3IgzqUzz3UitrK6tb6Q3M1vbO7t72f2DhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoekObiZ+cwhCsjCoqVEEHZ/0AuYxSpSWnGyl4SS28DF43jhvD4mI+uysVsDXuOGYP0IBn2J7uisR0B1rq7aQdbI5s2hOgf8Sa05yaI6qk322uyGNfQgU5UTKtmVGqpMQoRjlMM7YsYSI0AHpQVvTgPggO8n99IAxPtFSF3uh0C9QeKoujiTEl3LkuzrpE9WXy95E/M9rx8q76iQsiGIFAZ0t8mKOVYgnzeEuE0AVH2lCqGD6WEz7RBCqdL8Z3YK1/Oe/pHFetErF0t1FrlyZ95FGR+gY5ZGFLlEZ3aIqqiOKHtATekVvxqPxYnwYn7NoypjPHKJfML6+Afz8pko=</latexit>

Ve!(ω, T ) = V0(ω) + VT (ω, T )
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TESTING EXTENDED HIGGS SECTOR

<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="menZ7baLbLVgNSar45PuI9ubxbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC0koWy2m3bpZjfsbool9Gd4EhTEq7/Gk//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqRlhTzgRtG2Y47aaK4iTi9DEa3c78xzFVmknxYCYpDRM8ECxmBBsr+YGRKBhjlQ5Zr1pz6+4caJV4BalBgVav+hX0JckSKgzhWGvfc1MT5lgZRjidVoJM0xSTER5Q31KBE6rD/Gl+8xSdWamPYqlsCYPm6u+RHCdaT5LIdibYDPWyNxP/8/zMxNdhzkSaGSrIYlGccWQ/nQWA+kxRYvjEEkwUs8ciMsQKE2NjqtgUvOWfV0nnou416o37y1rzpsijDCdwCufgwRU04Q5a0AYCEp7hFd6czHlx3p2PRWvJKWaO4Q+czx/+GJG2</latexit>→ ω

exact nature of Higgs potential unknown

<latexit sha1_base64="4pd/Neyregt4bO5fCzTbyQubzIo="></latexit>

→1 ↭ ωωωω

ωSM
ωωω

↭ 7
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TESTING EXTENDED HIGGS SECTOR

exact nature of Higgs potential unknown

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

<latexit sha1_base64="gig+P0UHERTMvmuuHoo3ri2pCw0=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9C0IvHCOaByRJ6J7PJkNnZZWZWDEv+wpOgIF79G0/+jZPHQaMFDUVVN91dQSK4Nq775eSWlldW1/LrhY3Nre2d4u5eQ8epoqxOYxGrVoCaCS5Z3XAjWCtRDKNAsGYwvJ74zQemNI/lnRklzI+wL3nIKRor3XeGmCTYPSWX3WLJLbtTkL/Em5MSzFHrFj87vZimEZOGCtS67bmJ8TNUhlPBxoVOqlmCdIh91rZUYsS0nz1OTx6TIyv1SBgrW9KQqfpzJMNI61EU2M4IzUAvehPxP6+dmvDCz7hMUsMknS0KU0FMTCb/kx5XjBoxsgSp4vZYQgeokBqbUsGm4C3+/Jc0TspepVy5PStVr+Z55OEADuEYPDiHKtxADepAQcITvMCrY5xn5815n7XmnPnMPvyC8/ENbYeQvw==</latexit>ω3 =

<latexit sha1_base64="4pd/Neyregt4bO5fCzTbyQubzIo="></latexit>

→1 ↭ ωωωω

ωSM
ωωω

↭ 7
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TESTING ELECTROWEAK BARYOGENES

colliders gravitational waveselectric dipole moment

electron
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TESTING ELECTROWEAK BARYOGENES

gravitational waves

- peak in LISA frequency range 

- tension between efficient GW and baryon asymmetry 
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PRECISION MATTERS



Testing electroweak baryogenesis 20

WHAT TO CALCULATE

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>

CP

B
nb � nb̄ 6= 0

<latexit sha1_base64="IJI7Vzh22rLr3hvbe6miry/NbHA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSwFN5akCrpwUXDjsoJ9QBPCZHrbDp1M4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7mTMnTDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVFBo05rFsh0QBZwIammkO7UQCiUIOrXB4PfFbDyAVi8WdHiXgR6QvWI9Roo0U2IciCPGpCDIvJBKHY+wJuMdOYJecijMFXiRuTkooRz2wv7xuTNMIhKacKNVxnUT7GZGaUQ7jopcqSAgdkj50DBUkAuVn0/xjXDZKF/diaUZoPFV/X2QkUmoUmXTliOiBmvcm4n9eJ9W9Sz9jIkk1CDp7qJdyrGM8KQN3mQSq+cgQQiUzWTEdEEmoNpUVTQnu/JcXSbNacc8q1dvzUu0qr6OAjtAxOkEuukA1dIPqqIEoekTP6BW9WU/Wi/VufcxWl6z85gD9gfX5AzVDlOk=</latexit>

<latexit sha1_base64="s8z6XQunSQVaTEt7vyScoEF1IWQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx4UfAQwTwgWcLsZDYZMju7zPSKYclPeBIUxKu/48m/cZLsQRMLGoqqbrq7gkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm49cGxGrBxwl3I9oX4lQMIpWanUCqgl277qlsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ89TQ8ek2Mr9UgYa1sKyVT9PZLRyJhRFNjOiOLAzHsT8T+vnWJ45WdCJSlyxWaLwlQSjMnke9ITmjOUI0so08IeS9iAasrQZlS0KXjzPy+SxmnFu6ic35+Vq7d5HgU4hCM4AQ8uoQo3UIM6MJDwDK/w5mjnxXl3PmatS04+cwB/4Hz+AE+jkCk=</latexit>

t̄L

<latexit sha1_base64="klolmzz00IVQWHhsLvQMb1bxYq8=">AAAB63icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi4KHiOYByRJmJ5NkyMzsMtMrhiWf4ElQEK9+kSf/xkmyB00saCiquunuCmPBDXret5NbWl5ZXcuvFzY2t7Z3irt7dRMlmrIajUSkmyExTHDFashRsGasGZGhYI1weDXxG49MGx6pBxzFLJCkr3iPU4JWusfObadY8sreFO4i8TNSggzVTvGr3Y1oIplCKogxLd+LMUiJRk4FGxfaiWExoUPSZy1LFZHMBOnT9Naxe2SlrtuLtC2F7lT9PZISacxIhrZTEhyYeW8i/ue1EuxdBilXcYJM0dmiXiJcjNzJ426Xa0ZRjCwhVHN7rEsHRBOKNp6CTcGf/3mR1E/K/nn57O60VLnJ8sjDARzCMfhwARW4hirUgEIfnuEV3hzpvDjvzsesNedkM/vwB87nD/v0jkY=</latexit>

tL



Testing electroweak baryogenesis 21

WHAT TO CALCULATE

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>

CP

B
nb � nb̄ 6= 0

<latexit sha1_base64="IJI7Vzh22rLr3hvbe6miry/NbHA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSwFN5akCrpwUXDjsoJ9QBPCZHrbDp1M4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7mTMnTDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVFBo05rFsh0QBZwIammkO7UQCiUIOrXB4PfFbDyAVi8WdHiXgR6QvWI9Roo0U2IciCPGpCDIvJBKHY+wJuMdOYJecijMFXiRuTkooRz2wv7xuTNMIhKacKNVxnUT7GZGaUQ7jopcqSAgdkj50DBUkAuVn0/xjXDZKF/diaUZoPFV/X2QkUmoUmXTliOiBmvcm4n9eJ9W9Sz9jIkk1CDp7qJdyrGM8KQN3mQSq+cgQQiUzWTEdEEmoNpUVTQnu/JcXSbNacc8q1dvzUu0qr6OAjtAxOkEuukA1dIPqqIEoekTP6BW9WU/Wi/VufcxWl6z85gD9gfX5AzVDlOk=</latexit>

<latexit sha1_base64="s8z6XQunSQVaTEt7vyScoEF1IWQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx4UfAQwTwgWcLsZDYZMju7zPSKYclPeBIUxKu/48m/cZLsQRMLGoqqbrq7gkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm49cGxGrBxwl3I9oX4lQMIpWanUCqgl277qlsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ89TQ8ek2Mr9UgYa1sKyVT9PZLRyJhRFNjOiOLAzHsT8T+vnWJ45WdCJSlyxWaLwlQSjMnke9ITmjOUI0so08IeS9iAasrQZlS0KXjzPy+SxmnFu6ic35+Vq7d5HgU4hCM4AQ8uoQo3UIM6MJDwDK/w5mjnxXl3PmatS04+cwB/4Hz+AE+jkCk=</latexit>

t̄L

<latexit sha1_base64="klolmzz00IVQWHhsLvQMb1bxYq8=">AAAB63icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAi4KHiOYByRJmJ5NkyMzsMtMrhiWf4ElQEK9+kSf/xkmyB00saCiquunuCmPBDXret5NbWl5ZXcuvFzY2t7Z3irt7dRMlmrIajUSkmyExTHDFashRsGasGZGhYI1weDXxG49MGx6pBxzFLJCkr3iPU4JWusfObadY8sreFO4i8TNSggzVTvGr3Y1oIplCKogxLd+LMUiJRk4FGxfaiWExoUPSZy1LFZHMBOnT9Naxe2SlrtuLtC2F7lT9PZISacxIhrZTEhyYeW8i/ue1EuxdBilXcYJM0dmiXiJcjNzJ426Xa0ZRjCwhVHN7rEsHRBOKNp6CTcGf/3mR1E/K/nn57O60VLnJ8sjDARzCMfhwARW4hirUgEIfnuEV3hzpvDjvzsesNedkM/vwB87nD/v0jkY=</latexit>

tL

no sphalerons
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TESTING ELECTROWEAK BARYOGENESIS

Cline & Laurent ‘21

observed asymmetry →

 bubble wall speed→
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TESTING ELECTROWEAK BARYOGENESIS

Cline & Laurent ‘21

observed asymmetry →

 bubble wall speed→
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RECENT PROGRESS

- phase transition dynamics DRalgo, BSMPT, …
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RECENT PROGRESS

WallGo, …- bubble wall velocity 
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RECENT PROGRESS

Kainulainen 2108.08336, White, MP & v/d Vis 
2107.05971, 2206.01120- VIA method vanishes 
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CONCLUSION

➤  EW baryogenesis is testable: EDM’s, colliders, GW

➤  baryogenesis requires new physics

➤  precise theoretical predictions (needed)
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1ST ORDER PHASE TRANSITION

1st order 2nd order/cross over
<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'<latexit sha1_base64="jrYThcr/zknuiPF3lzusWPlpLT0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idTJIhs7PrTG8wLPkIT4KCePV7PPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxGtzO/OebaiEg94CTmfkgHSvQFo2ilZmdMdTwU3WLJLbtzkFXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8WugkhseUjeiAty1VNOTGT5/m907JmZV6pB9pWwrJXP09ktLQmEkY2M6Q4tAsezPxP6+dYP/aT4WKE+SKLRb1E0kwIrPnSU9ozlBOLKFMC3ssYUOqKUMbUcGm4C3/vEoaF2WvUq7cX5aqN1keeTiBUzgHD66gCndQgzowGMEzvMKb8+i8OO/Ox6I152Qzx/AHzucPSMuQLw==</latexit>'

<latexit sha1_base64="Z0oQmLpRmbid4KFe578gGRAqDCM="></latexit>

V =
1

2
(�µ2 + bT 2)'2 + cT'3 +

1

4
�'4

<latexit sha1_base64="8Y2FA8TUxYjbcx21VnR1gBPIk3E=">AAACEHicbVDNS8MwHE39nPOr6tFLcCiCMFoZ04sw9OJxwr5gqyNN0y0sTUuSiqP0P/Dkn+JJUBCvXj3535h1FXTzQeDx3u8rz40YlcqyvoyFxaXlldXCWnF9Y3Nr29zZbckwFpg0cchC0XGRJIxy0lRUMdKJBEGBy0jbHV1N/PYdEZKGvKHGEXECNODUpxgpLfXNoxa8gL1sTiKIl0IEG7eVH8VlCI9SeAL7ZskqWxngPLFzUgI56n3zs+eFOA4IV5ghKbu2FSknQUJRzEha7MWSRHo4GpCuphwFRDrJfbY2hYda8qAfCv24gpn6uyVBgZTjwNWVAVJDOetNxP+8bqz8cyehPIoV4Xi6yI8ZVCGcpAM9KghWbKwJwoLqYyEeIoGw0hkWdQr27J/nSeu0bFfL1ZtKqXaZ51EA++AAHAMbnIEauAZ10AQYPIAn8AJejUfj2Xgz3qelC0beswf+wPj4Bocsm7M=</latexit>

V = aT 4+ <latexit sha1_base64="112qtbN97bcCIdI4Qt29znwfcu4=">AAAB+XicbVDLSsNAFJ3UV62PVl26GSyCIIREpLosunFZwT6gDWUyuWmHTiZhZiKW0C9xJSiIWz/FlX/jNM1CWw9cOJxz79y5x084U9pxvq3S2vrG5lZ5u7Kzu7dfrR0cdlScSgptGvNY9nyigDMBbc00h14igUQ+h64/uZ373UeQisXiQU8T8CIyEixklGgjDWvVQf5GJiGYndu2PazVHdvJgVeJW5A6KtAa1r4GQUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy57yrTN8aqQAh7E0JTTO1d8jGYmUmka+6YyIHqtlby7+5/VTHV57GRNJqkHQxaIw5VjHeB4DDpgEqvnUEEIlM5/FdEwkodqEVTEpuMs3r5LOhe027Mb9Zb15U+RRRsfoBJ0hF12hJrpDLdRGFKXoGb2iNyuzXqx362PRWrKKmSP0B9bnD9KJky0=</latexit>

+...


