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Baryogenesis2

Why is everything made out of matter?
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ELECTROWEAK BARYOGENESIS

- extended Higgs sector: 1st order EW phase transition

new physics at the EW scale:

- CP operators



Baryogenesis4

EW BARYOGENESIS IN A NUTSHELL

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>

sphalerons

CP

<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

CP violation

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="JKBPDFnnJY2THW1pQGIaO/BVbFU="></latexit>

L � ytp
2
'

✓
1 + i

'2

⇤2

◆
t̄LtR + h.c.
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EW BARYOGENESIS IN A NUTSHELL

no sphalerons

CP

<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

B
nb � nb̄ 6= 0

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

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

sphalerons

CP violation

<latexit sha1_base64="JKBPDFnnJY2THW1pQGIaO/BVbFU="></latexit>

L � ytp
2
'

✓
1 + i

'2

⇤2

◆
t̄LtR + h.c.
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BOLTZMANN EQUATIONS

Boltzmann eqs:

Source 1. semi-classical source 

2. flavour source 

3. vev-insertion-approximation (VIA)

<latexit sha1_base64="M56QeVB8NUGRkmLOlfDgpnYBDE4=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiCUBOR6kYounFZwT6gCWEynbRDJ5MwMxFLyGe48lNcCQritiv/xkmahbYeGDiccy9n7vFjRqWyrG9jaXlldW29slHd3Nre2TX39jsySgQmbRyxSPR8JAmjnLQVVYz0YkFQ6DPS9ce3ud99JELSiD+oSUzcEA05DShGSkueeebESCiKGAw8Ck9TR4SQckUEwvmAzOA1LMRZYuaZNatuFYCLxC5JDZRoeebUGUQ4CQlXmCEp+7YVKzfNQzEjWdVJJIkRHqMh6WvKUUikmz4Vl2XwWEsDGERCP65gof5eSVEo5ST09WSI1EjOe7n4n9dPVHDlppTHiSIcz4KChEEVwbwmOKCCYMUmmiAsqP4sxCOUt6LLrOoW7PmbF0nnvG436o37i1rzpuyjAg7BETgBNrgETXAHWqANMHgGr+AdfBgvxpvxaXzNRpeMcucA/IEx/QGI3qCz</latexit>

@fi + interactions = source

Joyce, Cline, Prokopec, Kainnulainen, 
Konstandin, Schmidt, Turok, Weinstock, …

Cirigliano, Lee, Tulin, Ramsey-Musolf, 
Prokopec, Konstandin, Schmidt, Seco

Riotto, Cirigliano, Lee, Tulin,  
Ramsey-Musolf

CP violation

<latexit sha1_base64="JKBPDFnnJY2THW1pQGIaO/BVbFU="></latexit>

L � ytp
2
'

✓
1 + i

'2

⇤2

◆
t̄LtR + h.c.

Kainnulainen ’21 
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INGREDIENTS OF THE CALCULATION

- CTP formalism

- finite temperature QFT

- Schwinger-Dyson eq.

- gradient expansion

<latexit sha1_base64="JuGC7APFceoXP8qhpNS04CsxzeA=">AAACFHicbVDLSgMxFM3UV62vqks3wSKISJkRqS5cFF3osoJ9QKcdMmmmDc1khuSOWIb+gys/xZWgIG7duPJvTB8LbT0QcjjnXpJz/FhwDbb9bWUWFpeWV7KrubX1jc2t/PZOTUeJoqxKIxGphk80E1yyKnAQrBErRkJfsLrfvxr59XumNI/kHQxi1gpJV/KAUwJG8vJHLpfg2W1zBTDAqatC3Bnivmdj9xhfty+wG6sohggHXr5gF+0x8DxxpqSApqh4+S+3E9EkZBKoIFo3HTuGVkoUcCrYMOcmmsWE9kmXNQ2VJGS6lT6MQw3xgZE6OIiUORLwWP29kpJQ60Hom8mQQE/PeiPxP6+ZQHDeSrmME2CSTh4KEoFNxlFDuMMVoyAGhhCquPkspj2iCAXTY8604Mxmnie1k6JTKpZuTwvly2kfWbSH9tEhctAZKqMbVEFVRNEjekav6M16sl6sd+tjMpqxpju76A+szx9lgp0y</latexit>Z 1

0
dk0 G

< / f

<latexit sha1_base64="2V1SP99eUM0ZBHP66IedUkWCUAQ=">AAAB+nicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsKfUETwmQ6aYdOHsxMSkvsn7gSFMStf+LKv3HSZqGtBy4czrl35t7jJ5xJZVnfRmljc2t7p7xb2ds/ODwyj086Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuP73O/O6FCsjhqqVlC3RAPIxYwgpWWPNN0EiwUw9ybIodz1PLMqlWzFkDrxC5IFQo0PfPLGcQkDWmkCMdS9m0rUW6Wv0o4nVecVNIEkzEe0r6mEQ6pdLPpYvU5utDSAAWx0BUptFB/j2Q4lHIW+rozxGokV71c/M/rpyq4dTMWJamiEVl+FKQcqRjlOaABE5QoPtMEE8H0soiMsMBE6bQqOgV79eZ10rmq2fVa/fG62rgr8ijDGZzDJdhwAw14gCa0gcAEnuEV3own48V4Nz6WrSWjmDmFPzA+fwDGqJO8</latexit>

@x ⌧ T

<latexit sha1_base64="kDCIMEfXI9709iFk+fcQjYBCqeM=">AAACEnicbVDLSgMxFM3UV62vUZduLhahIJYZkepGKLqoG6GifcDMUDJppg3NPEgyYin9BVd+iitBQdy6c+XfmD4W2nogcDjnXk7u8RPOpLKsbyOzsLi0vJJdza2tb2xumds7dRmngtAaiXksmj6WlLOI1hRTnDYTQXHoc9rwe5cjv3FPhWRxdKf6CfVC3IlYwAhWWmqZBQeYm2ChGOZHcO1BBc7BhkNwb1knxODGioVUQqVl5q2iNQbME3tK8miKasv8ctsxSUMaKcKxlI5tJcobjKIIp8Ocm0qaYNLDHepoGmEd4w0exicN4UBLbQhioV+kYKz+XhngUMp+6OvJEKuunPVG4n+ek6rgzBuwKEkVjcgkKEg5qBhG/UCbCUoU72uCiWD6s0C6WGCidIs53YI9e/M8qR8X7VKxdHOSL19M+8iiPbSPCshGp6iMrlAV1RBBj+gZvaI348l4Md6Nj8loxpju7KI/MD5/AOGvmyk=</latexit>

[i@ �M ]G = 1 + ⌃⌦G

<latexit sha1_base64="HKKKcAj0S9hjkHgZIVadvghgTCk=">AAACHnicbVBLSwMxGMz6rPW16tFLsAj1UnalVI9FL96sYB/QXUo2TdvQJLskWbGs/SOe/CmeBAXx4EX/jdntHrR1IDCZmY/kmyBiVGnH+baWlldW19YLG8XNre2dXXtvv6XCWGLSxCELZSdAijAqSFNTzUgnkgTxgJF2ML5M/fYdkYqG4lZPIuJzNBR0QDHSRurZVY8hMWQk8SSHVEwfYOJhxOD1tKxPYHqb6dCTWQ56ivKeXXIqTga4SNyclECORs/+9PohjjkRGjOkVNd1Iu0nSGqKGZkWvViRCOExGpKuoQJxovzkPltvCo+N1IeDUJojNMzU3yMJ4kpNeGCSHOmRmvdS8T+vG+vBuZ9QEcWaCDx7aBAzqEOYdgX7VBKs2cQQhCU1n4V4hCTC2jRaNC248zsvktZpxa1VajfVUv0i76MADsERKAMXnIE6uAIN0AQYPIJn8ArerCfrxXq3PmbRJSufOQB/YH39AIjMoik=</latexit>

hin|O(t)|ini ⇠
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RESULTS

old calculation not 1PI!

<latexit sha1_base64="7XmJB6LUvucDhERhGc8RmV+svSM="></latexit>

SLL ⇠ TrP+

✓
[M2, G<] +

1

2
({⌃>, Gh}� {⌃<, G>}) + ..

◆

<latexit sha1_base64="fV7rVgnbyloXKCEKsYLKJniTvtY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120y7dbOLuRCyhP8KToCBe/T2e/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLGwVt3d29/ZLB4dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZuq3Hrk2Ilb3OE64H9GBEqFgFK3U6sYoIm56pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKqoXeJnT7N7J+TUSn0SxtqWQjJTf49kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMyfZ70heYM5dgSyrSwxxI2pJoytBEVbQre4s/LpHle8aqV6t1FuXad51GAYziBM/DgEmpwC3VoAIMRPMMrvDkPzovz7nzMW1ecfOYI/sD5/AFTc5A2</latexit>⌦<latexit sha1_base64="fV7rVgnbyloXKCEKsYLKJniTvtY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120y7dbOLuRCyhP8KToCBe/T2e/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLGwVt3d29/ZLB4dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZuq3Hrk2Ilb3OE64H9GBEqFgFK3U6sYoIm56pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKqoXeJnT7N7J+TUSn0SxtqWQjJTf49kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMyfZ70heYM5dgSyrSwxxI2pJoytBEVbQre4s/LpHle8aqV6t1FuXad51GAYziBM/DgEmpwC3VoAIMRPMMrvDkPzovz7nzMW1ecfOYI/sD5/AFTc5A2</latexit>⌦

<latexit sha1_base64="WrLy7yWqv/pXR7oapxApM0kwuhI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjx4qGA/oF1KNs22sdlsSLJiWfofPAkK4tX/48l/Y7rdg7Y+GHi8N8PMvEBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GF/P/PYjVZrF4t5MJPUjPBQsZAQbK7V6UrP+bb9ccatuBrRMvJxUIEejX/7qDWKSRFQYwrHWXc+Vxk+xMoxwOi31Ek0lJmM8pF1LBY6o9tOn7NwpOrHSAIWxsiUMytTfIymOtJ5Ege2MsBnpRW8m/ud1ExNe+ikTMjFUkPmiMOHIxGj2OxowRYnhE0swUcwei8gIK0yMTahkU/AWf14mrbOqV6vW7s4r9as8jyIcwTGcggcXUIcbaEATCDzAM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AUHsj5I=</latexit>

 L
<latexit sha1_base64="WrLy7yWqv/pXR7oapxApM0kwuhI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjx4qGA/oF1KNs22sdlsSLJiWfofPAkK4tX/48l/Y7rdg7Y+GHi8N8PMvEBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GF/P/PYjVZrF4t5MJPUjPBQsZAQbK7V6UrP+bb9ccatuBrRMvJxUIEejX/7qDWKSRFQYwrHWXc+Vxk+xMoxwOi31Ek0lJmM8pF1LBY6o9tOn7NwpOrHSAIWxsiUMytTfIymOtJ5Ege2MsBnpRW8m/ud1ExNe+ikTMjFUkPmiMOHIxGj2OxowRYnhE0swUcwei8gIK0yMTahkU/AWf14mrbOqV6vW7s4r9as8jyIcwTGcggcXUIcbaEATCDzAM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AUHsj5I=</latexit>

 L

<latexit sha1_base64="I8Og0jJ0dv1iz+QEEjB4MmY/kHw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsR/QLiWbZtvYbDYkWbEs/Q+eBAXx6v/x5L8x2+5BWx8MPN6bYWZeIDnTxnW/ncLK6tr6RnGztLW9s7tX3j9o6ThRhDZJzGPVCbCmnAnaNMxw2pGK4ijgtB2MrzO//UiVZrG4NxNJ/QgPBQsZwcZKrZ7UrH/XL1fcqjsDWiZeTiqQo9Evf/UGMUkiKgzhWOuu50rjp1gZRjidlnqJphKTMR7SrqUCR1T76dPs3Ck6sdIAhbGyJQyaqb9HUhxpPYkC2xlhM9KLXib+53UTE176KRMyMVSQ+aIw4cjEKPsdDZiixPCJJZgoZo9FZIQVJsYmVLIpeIs/L5PWWdWrVWu355X6VZ5HEY7gGE7Bgwuoww00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4ASwqPmA==</latexit>

 R

<latexit sha1_base64="58ZPUZPegjrCiTQNm8nLfrkCLyg=">AAACAnicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gCWUyuWmHTh7OTMQS6spPcSUoiFv/wpV/4zTNQlsPDBzOua85XsKZVJb1bZSWlldW18rrlY3Nre0dc3evLeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq6nfuQchWRzdqnECbkgGEQsYJUpLffPAyWdkAvwJdjxO6EjepURA36xaNSsHXiR2QaqoQLNvfjl+TNMQIkU5kbJnW4lyMyIUoxwmFSeVkOjxZAA9TSMSgnSzh3z9BB9rycdBLPSLFM7V3y0ZCaUch56uDIkaynlvKv7n9VIVXLgZi5JUQURni4KUYxXjaR7YZwKo4mNNCBVMH4vpkAhClU6tolOw5/+8SNqnNbteq9+cVRuXRR5ldIiO0Amy0TlqoGvURC1E0SN6Rq/ozXgyXox342NWWjKKnn30B8bnD/uOl9w=</latexit>⌅
<latexit sha1_base64="Vafd2NX+cKp+Yo0G1SVBWai/eg0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohcPPVS0H9AuJZumbWiSXZOsWpb+Dk+Cgnj1x3jy35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tV1GCtCayTkoWoGWFPOJK0ZZjhtRopiEXDaCIZXE7/xQJVmobwzo4j6Avcl6zGCjZX89i3rC9xJKpUxuujkC27RnQItEi8lBUhR7eS/2t2QxIJKQzjWuuW5kfETrAwjnI5z7VjTCJMh7tOWpRILqv3kaXr1GB1ZqYt6obIlDZqqv0cSLLQeicB2CmwGet6biP95rdj0zv2EySg2VJLZol7MkQnRJALUZYoSw0eWYKKYPRaRAVaYGBtUzqbgzf+8SOonRa9ULN2cFsqXaR5ZOIBDOAYPzqAM11CFGhC4h2d4hTfn0Xlx3p2PWWvGSWf24Q+czx/Qm5Ie</latexit>

⌃LL =
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RESULTS

new calculation

<latexit sha1_base64="7XmJB6LUvucDhERhGc8RmV+svSM="></latexit>

SLL ⇠ TrP+

✓
[M2, G<] +

1

2
({⌃>, Gh}� {⌃<, G>}) + ..

◆

<latexit sha1_base64="fV7rVgnbyloXKCEKsYLKJniTvtY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120y7dbOLuRCyhP8KToCBe/T2e/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLGwVt3d29/ZLB4dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZuq3Hrk2Ilb3OE64H9GBEqFgFK3U6sYoIm56pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKqoXeJnT7N7J+TUSn0SxtqWQjJTf49kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMyfZ70heYM5dgSyrSwxxI2pJoytBEVbQre4s/LpHle8aqV6t1FuXad51GAYziBM/DgEmpwC3VoAIMRPMMrvDkPzovz7nzMW1ecfOYI/sD5/AFTc5A2</latexit>⌦

<latexit sha1_base64="WrLy7yWqv/pXR7oapxApM0kwuhI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjx4qGA/oF1KNs22sdlsSLJiWfofPAkK4tX/48l/Y7rdg7Y+GHi8N8PMvEBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GF/P/PYjVZrF4t5MJPUjPBQsZAQbK7V6UrP+bb9ccatuBrRMvJxUIEejX/7qDWKSRFQYwrHWXc+Vxk+xMoxwOi31Ek0lJmM8pF1LBY6o9tOn7NwpOrHSAIWxsiUMytTfIymOtJ5Ege2MsBnpRW8m/ud1ExNe+ikTMjFUkPmiMOHIxGj2OxowRYnhE0swUcwei8gIK0yMTahkU/AWf14mrbOqV6vW7s4r9as8jyIcwTGcggcXUIcbaEATCDzAM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AUHsj5I=</latexit>

 L

<latexit sha1_base64="I8Og0jJ0dv1iz+QEEjB4MmY/kHw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsR/QLiWbZtvYbDYkWbEs/Q+eBAXx6v/x5L8x2+5BWx8MPN6bYWZeIDnTxnW/ncLK6tr6RnGztLW9s7tX3j9o6ThRhDZJzGPVCbCmnAnaNMxw2pGK4ijgtB2MrzO//UiVZrG4NxNJ/QgPBQsZwcZKrZ7UrH/XL1fcqjsDWiZeTiqQo9Evf/UGMUkiKgzhWOuu50rjp1gZRjidlnqJphKTMR7SrqUCR1T76dPs3Ck6sdIAhbGyJQyaqb9HUhxpPYkC2xlhM9KLXib+53UTE176KRMyMVSQ+aIw4cjEKPsdDZiixPCJJZgoZo9FZIQVJsYmVLIpeIs/L5PWWdWrVWu355X6VZ5HEY7gGE7Bgwuoww00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4ASwqPmA==</latexit>

 R

<latexit sha1_base64="58ZPUZPegjrCiTQNm8nLfrkCLyg=">AAACAnicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gCWUyuWmHTh7OTMQS6spPcSUoiFv/wpV/4zTNQlsPDBzOua85XsKZVJb1bZSWlldW18rrlY3Nre0dc3evLeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq6nfuQchWRzdqnECbkgGEQsYJUpLffPAyWdkAvwJdjxO6EjepURA36xaNSsHXiR2QaqoQLNvfjl+TNMQIkU5kbJnW4lyMyIUoxwmFSeVkOjxZAA9TSMSgnSzh3z9BB9rycdBLPSLFM7V3y0ZCaUch56uDIkaynlvKv7n9VIVXLgZi5JUQURni4KUYxXjaR7YZwKo4mNNCBVMH4vpkAhClU6tolOw5/+8SNqnNbteq9+cVRuXRR5ldIiO0Amy0TlqoGvURC1E0SN6Rq/ozXgyXox342NWWjKKnn30B8bnD/uOl9w=</latexit>⌅
<latexit sha1_base64="Vafd2NX+cKp+Yo0G1SVBWai/eg0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohcPPVS0H9AuJZumbWiSXZOsWpb+Dk+Cgnj1x3jy35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tV1GCtCayTkoWoGWFPOJK0ZZjhtRopiEXDaCIZXE7/xQJVmobwzo4j6Avcl6zGCjZX89i3rC9xJKpUxuujkC27RnQItEi8lBUhR7eS/2t2QxIJKQzjWuuW5kfETrAwjnI5z7VjTCJMh7tOWpRILqv3kaXr1GB1ZqYt6obIlDZqqv0cSLLQeicB2CmwGet6biP95rdj0zv2EySg2VJLZol7MkQnRJALUZYoSw0eWYKKYPRaRAVaYGBtUzqbgzf+8SOonRa9ULN2cFsqXaR5ZOIBDOAYPzqAM11CFGhC4h2d4hTfn0Xlx3p2PWWvGSWf24Q+czx/Qm5Ie</latexit>

⌃LL = 1PI!
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RESULTS

new calculation

<latexit sha1_base64="7XmJB6LUvucDhERhGc8RmV+svSM="></latexit>

SLL ⇠ TrP+

✓
[M2, G<] +

1

2
({⌃>, Gh}� {⌃<, G>}) + ..

◆

<latexit sha1_base64="fV7rVgnbyloXKCEKsYLKJniTvtY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120y7dbOLuRCyhP8KToCBe/T2e/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLGwVt3d29/ZLB4dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZuq3Hrk2Ilb3OE64H9GBEqFgFK3U6sYoIm56pbJbcWcgy8TLSRly1Hulr24/ZmnEFTJJjel4boJ+RjUKJvmk2E0NTygb0QHvWKqoXeJnT7N7J+TUSn0SxtqWQjJTf49kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMyfZ70heYM5dgSyrSwxxI2pJoytBEVbQre4s/LpHle8aqV6t1FuXad51GAYziBM/DgEmpwC3VoAIMRPMMrvDkPzovz7nzMW1ecfOYI/sD5/AFTc5A2</latexit>⌦

<latexit sha1_base64="WrLy7yWqv/pXR7oapxApM0kwuhI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjx4qGA/oF1KNs22sdlsSLJiWfofPAkK4tX/48l/Y7rdg7Y+GHi8N8PMvEBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GF/P/PYjVZrF4t5MJPUjPBQsZAQbK7V6UrP+bb9ccatuBrRMvJxUIEejX/7qDWKSRFQYwrHWXc+Vxk+xMoxwOi31Ek0lJmM8pF1LBY6o9tOn7NwpOrHSAIWxsiUMytTfIymOtJ5Ege2MsBnpRW8m/ud1ExNe+ikTMjFUkPmiMOHIxGj2OxowRYnhE0swUcwei8gIK0yMTahkU/AWf14mrbOqV6vW7s4r9as8jyIcwTGcggcXUIcbaEATCDzAM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AUHsj5I=</latexit>

 L

<latexit sha1_base64="I8Og0jJ0dv1iz+QEEjB4MmY/kHw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsR/QLiWbZtvYbDYkWbEs/Q+eBAXx6v/x5L8x2+5BWx8MPN6bYWZeIDnTxnW/ncLK6tr6RnGztLW9s7tX3j9o6ThRhDZJzGPVCbCmnAnaNMxw2pGK4ijgtB2MrzO//UiVZrG4NxNJ/QgPBQsZwcZKrZ7UrH/XL1fcqjsDWiZeTiqQo9Evf/UGMUkiKgzhWOuu50rjp1gZRjidlnqJphKTMR7SrqUCR1T76dPs3Ck6sdIAhbGyJQyaqb9HUhxpPYkC2xlhM9KLXib+53UTE176KRMyMVSQ+aIw4cjEKPsdDZiixPCJJZgoZo9FZIQVJsYmVLIpeIs/L5PWWdWrVWu355X6VZ5HEY7gGE7Bgwuoww00oAkEHuAZXuHNkc6L8+58zFsLTj5zCH/gfP4ASwqPmA==</latexit>

 R

<latexit sha1_base64="58ZPUZPegjrCiTQNm8nLfrkCLyg=">AAACAnicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gCWUyuWmHTh7OTMQS6spPcSUoiFv/wpV/4zTNQlsPDBzOua85XsKZVJb1bZSWlldW18rrlY3Nre0dc3evLeNUUGjRmMei6xEJnEXQUkxx6CYCSOhx6Hijq6nfuQchWRzdqnECbkgGEQsYJUpLffPAyWdkAvwJdjxO6EjepURA36xaNSsHXiR2QaqoQLNvfjl+TNMQIkU5kbJnW4lyMyIUoxwmFSeVkOjxZAA9TSMSgnSzh3z9BB9rycdBLPSLFM7V3y0ZCaUch56uDIkaynlvKv7n9VIVXLgZi5JUQURni4KUYxXjaR7YZwKo4mNNCBVMH4vpkAhClU6tolOw5/+8SNqnNbteq9+cVRuXRR5ldIiO0Amy0TlqoGvURC1E0SN6Rq/ozXgyXox342NWWjKKnn30B8bnD/uOl9w=</latexit>⌅
<latexit sha1_base64="Vafd2NX+cKp+Yo0G1SVBWai/eg0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohcPPVS0H9AuJZumbWiSXZOsWpb+Dk+Cgnj1x3jy35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tV1GCtCayTkoWoGWFPOJK0ZZjhtRopiEXDaCIZXE7/xQJVmobwzo4j6Avcl6zGCjZX89i3rC9xJKpUxuujkC27RnQItEi8lBUhR7eS/2t2QxIJKQzjWuuW5kfETrAwjnI5z7VjTCJMh7tOWpRILqv3kaXr1GB1ZqYt6obIlDZqqv0cSLLQeicB2CmwGet6biP95rdj0zv2EySg2VJLZol7MkQnRJALUZYoSw0eWYKKYPRaRAVaYGBtUzqbgzf+8SOonRa9ULN2cFsqXaR5ZOIBDOAYPzqAM11CFGhC4h2d4hTfn0Xlx3p2PWWvGSWf24Q+czx/Qm5Ie</latexit>

⌃LL = 1PI!

<latexit sha1_base64="bc8EmSykX7wAxJsqwrb5RCs3ptw=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUSkehGKXjxWsB/QhrLZTNulm03c3agl9Hd4EhTEqz/Gk//GbZqDtj4YeLw3s7Pz/JgzpR3n21paXlldWy9sFDe3tnd2S3v7TRUlkmKDRjySbZ8o5ExgQzPNsR1LJKHPseWPrqd+6wGlYpG40+MYvZAMBOszSrSRvG72QioxmFw6vVLZqTgZ7EXi5qQMOeq90lc3iGgSotCUE6U6rhNrLyVSM8pxUuwmCmNCR2SAHUMFCVF56VO2c2IfGymw+5E0JbSdqb9HUhIqNQ590xkSPVTz3lT8z+skun/hpUzEiUZBZ4v6Cbd1ZE8jsAMmkWo+NoRQycxnbTokklBtgiqaFNz5mxdJ87TiVivV27Ny7SrPowCHcAQn4MI51OAG6tAACvfwDK/wZj1aL9a79TFrXbLymQP4A+vzB5kYkqA=</latexit>

= 0

no VIA expansion needed
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CONCLUSIONS

➤ VIA source vanishes at leading order in gradient expansion

To do: NLO

generalizes Kainnulainen ’21 to chiral theories

➤ EW baryogenesis is testable: precise theoretical predictions needed
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EW PHASE TRANSITION

1st order
from Cline ’06 
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EW 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

how much room for new physics?

−1 ≲
λBSM

hhh

λSM
hhh

≲ 7
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ELECTRIC DIPOLE MOMENT OF ELECTRON

measured

Rules out simplest 
scenarios

<latexit sha1_base64="h4BHbE/L1yAq6lrmf9/FnijAak0=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBEUapnxvSy40V0FW4VOLZn0VkOTmSHJiGVa8CNc+SmuBAVxqyv/xrR1odYDgcM595F7glhwbVz30xkbn5icms7MZGfn5hcWc0vLVR0limGFRSJSFwHVKHiIFcONwItYIZWBwPOgfdT3z29QaR6FZ6YTY13Sq5C3OKPGSo1csdtsYJf4ArXWXJJd4hsuURPPvUy3dtxe1i+gX0h9JQmTvUYu7xbdAcgo8b5JvrR5B32UG7kPvxmxRGJomKBa1zw3NvWUKsOZQDs90RhT1qZXWLM0pHZ3Pb0dHNYj61Zqklak7AsNGag/W1Iqte7IwFZKaq71X68v/ufVEtM6rKc8jBODIRsuaiWCmIj0UyJNrpAZ0bGEMsXtZwm7pooyY7PM2hS8vzePkup20dsv7p16+dIJDJGBVViDDfDgAEpwDGWoAIN7eIRneHEenCfn1Xkblo453z0r8AvO+xdS0Z+D</latexit>
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Baryogenesis15

GRAVITATIONAL WAVES

- bubble collisions 
- colliding sound waves 
- turbulence 


