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Baryogenesis2

PLAN

1. Electric dipole moments


2. Implications for electroweak baryogenesis
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

Hamiltonian for non-relativistic particle with spin

magnetic

dipole


moment

electric

dipole


moment
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

Hamiltonian for non-relativistic particle with spin

spin procession

⃗S
 or ⃗B ⃗E

ω

magnetic dipole
<latexit sha1_base64="ziac3GMHfAU2m3TdfGHEWsNc9M0=">AAACBHicbVDJSgNBEO1xjXGLetNLYxA8hRlxuwhBL3qLYFTIDKGnU0kau3uG7hoxDAFPfoonQUG8+hOe/Bs7y8HtQcHjvSqq6sWpFBZ9/9ObmJyanpktzBXnFxaXlksrq5c2yQyHOk9kYq5jZkEKDXUUKOE6NcBULOEqvjkZ+Fe3YKxI9AX2UogU62jRFpyhk5ql9TBR0GH0iLaaih7T0ApNQ+wCsmap7Ff8IehfEoxJmYxRa5Y+wlbCMwUauWTWNgI/xShnBgWX0C+GmYWU8RvWgYajmimwUX43fKJPt5zUou3EuNJIh+r3kZwpa3sqdp2KYdf+9gbif14jw/ZhlAudZgiajxa1M0kxoYNEaEsY4Ch7jjBuhDuW8i4zjKPLrehSCH7//Jdc7lSC/cre+W65ejbOo0A2yCbZJgE5IFVySmqkTji5J4/kmbx4D96T9+q9jVonvPHMGvkB7/0L3NyXCg==</latexit>

! = dmB sin ✓

<latexit sha1_base64="zfSwiI+w4AtEwGcUnHNrBCAWnuo=">AAACBHicbVDLSgNBEJyN7/iKelOUwSB4CruCj4sQEEE9RTAmkA1hdtJJhszOLjO9aggBT36KJ0FBvPoTnvwGP0IniQeNFjQUVd10dwWxFAZd991JjY1PTE5Nz6Rn5+YXFjNLy5cmSjSHIo9kpMsBMyCFgiIKlFCONbAwkFAK2kd9v3QF2ohIXWAnhmrImko0BGdopVpm1Y9CaDJ6SOs1oMfUN0JRH1uArJbJujl3APqXeN8km9/4/Jg6u14v1DJvfj3iSQgKuWTGVDw3xmqXaRRcQi/tJwZixtusCRVLFQvBVLs3gyd6dMtKddqItC2FdKD+HOmy0JhOGNjOkGHLjHp98T+vkmDjoNoVKk4QFB8uaiSSYkT7idC60MBRdixhXAt7LOUtphlHm1vapuCN/vyXXO7kvL3c7rmXzZ+SIabJGtkk28Qj+yRPTkiBFAknt+SePJIn5855cJ6dl2FryvmeWSG/4Lx+AR6rmi8=</latexit>

! = deE sin ✓electric dipole
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

Hamiltonian for non-relativistic particle with spin

⃗S      ⃗B ⃗E

<latexit sha1_base64="qjCSnzznVPE+no9FA/8W3qlQxZ4=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBHcWGbE17LgRncV7APaoWTSTBuayQzJHbEM/QlXgoK49Xdc+Tem7Sy09UDgcM695J4TJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffOTaiFg94CjhfkT7SoSCUbRSC0kHY3KK3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz56mB4/JsZV6JIy1fQrJVP29ktHImFEU2MmI4sDMexPxP6+dYnjtZ0IlKXLFZh+FqSQ25CQ96QnNGcqRJZRpYY8lbEA1ZWg7KtoWvPnMi6RxVvEuKxf35+XqXd5HAQ7hCE7Agyuowi3UoA4MJDzDK7w52nlx3p2P2eiSk+8cwB84nz/zho/t</latexit>

t ! �t

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

⃗S
      ⃗B ⃗E



Baryogenesis6

MAGNETIC AND ELECTRIC DIPOLE MOMENTS

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

Hamiltonian for non-relativistic particle with spin

⃗S      ⃗B ⃗E

<latexit sha1_base64="qjCSnzznVPE+no9FA/8W3qlQxZ4=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBHcWGbE17LgRncV7APaoWTSTBuayQzJHbEM/QlXgoK49Xdc+Tem7Sy09UDgcM695J4TJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffOTaiFg94CjhfkT7SoSCUbRSC0kHY3KK3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz56mB4/JsZV6JIy1fQrJVP29ktHImFEU2MmI4sDMexPxP6+dYnjtZ0IlKXLFZh+FqSQ25CQ96QnNGcqRJZRpYY8lbEA1ZWg7KtoWvPnMi6RxVvEuKxf35+XqXd5HAQ7hCE7Agyuowi3UoA4MJDzDK7w52nlx3p2P2eiSk+8cwB84nz/zho/t</latexit>

t ! �t

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

⃗S
      ⃗B ⃗E

CPT theorem:    T-violation  CP violation↔
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

<latexit sha1_base64="bSLmJlS6ODoxvl8WZoQ7nvXEENQ=">AAACIXicbVDLSgMxFM34rPU16tJNsAhuLDOi1o1QFKHuKtoHdIaSydy2oZkHSaZYSj/FlZ/iSlAQXYk/YzrtQtseuHByzr3k3uPFnEllWd/GwuLS8spqZi27vrG5tW3u7FZllAgKFRrxSNQ9IoGzECqKKQ71WAAJPA41r3s98ms9EJJF4YPqx+AGpB2yFqNEaalpFkr4Eh9jvxlgpwcU32OH+pEaP65SB+Y4N00zZ+WtFHiW2BOSQxOUm+aX40c0CSBUlBMpG7YVK3dAhGKUwzDrJBJiQrukDQ1NQxKAdAeP6YVDfKglH7cioStUOFX/jgxIIGU/8HRnQFRHTnsjcZ7XSFTrwh2wME4UhHT8USvhWEV4FBf2mQCqeF8TQgXTy2LaIYJQpUPN6hTs6ZtnSfUkb5/nz+5Oc8XbSR4ZtI8O0BGyUQEVUQmVUQVR9IRe0Bt6N56NV+PD+By3LhiTmT30D8bPL2j4oBg=</latexit>

H = �dm
~S · ~B � de

~S · ~E

Hamiltonian for non-relativistic particle with spin

(g − 2) EDM
<latexit sha1_base64="JInV8Td58basArwTDuVIesMdoVs="></latexit>

L = �d
i

2
 ̄�µ⌫�5 Fµ⌫
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ELECTRIC DIPOLE MOMENT OF NEUTRON

CP violation in SM: CKM phase and theta angle

from J. de vries

[e cm]
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ELECTRIC DIPOLE MOMENT OF ELECTRON

ACME
Boulder

Adelmann et al 2102.08838

[e cm]
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ELECTRIC DIPOLE MOMENT OF ELECTRON

ACME
Boulder

<latexit sha1_base64="qN95PruaRPrPbuEfjQLuDLorybc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewKPm4GvOgtAfOAZAmzk95kyOzsMjMrhpAv8CQoiFd/SPDk3zjZ5KCJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw5up33xApXks780oQT+ifclDzqixUg27xZJbdjOQZeLNSen6EzJUu8WvTi9maYTSMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbKmmE2h8/ZpdOyImVeiSMlS1pSKb+HhnTSOtRFNjOiJqBXvSm4n9eOzXhlT/mMkkNSjZbFKaCmJhM3yY9rpAZMbKEMsXtsYQNqKLM2HAKNgVv8edl0jgrexfl85pXqtzN4oA8HMExnIIHl1CBW6hCHRggPMELvDpD59l5c95nrTlnPnMIf+B8/AAGAY6E</latexit>e <latexit sha1_base64="qN95PruaRPrPbuEfjQLuDLorybc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewKPm4GvOgtAfOAZAmzk95kyOzsMjMrhpAv8CQoiFd/SPDk3zjZ5KCJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw5up33xApXks780oQT+ifclDzqixUg27xZJbdjOQZeLNSen6EzJUu8WvTi9maYTSMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbKmmE2h8/ZpdOyImVeiSMlS1pSKb+HhnTSOtRFNjOiJqBXvSm4n9eOzXhlT/mMkkNSjZbFKaCmJhM3yY9rpAZMbKEMsXtsYQNqKLM2HAKNgVv8edl0jgrexfl85pXqtzN4oA8HMExnIIHl1CBW6hCHRggPMELvDpD59l5c95nrTlnPnMIf+B8/AAGAY6E</latexit>e
<latexit sha1_base64="t92ifqcTio33v2CSGTXLXPnf4dk=">AAACDHicbVBNSwMxEJ2t3/Wr6tFLaBEUtOxK/TgWvOitgrVCt5ZsOrWhye6SZMWyFjx68qd4EhTEq3/Ak//GtPWg1gcDj/dmkpkXxIJr47qfTmZicmp6ZnYuO7+wuLScW1k911GiGFZZJCJ1EVCNgodYNdwIvIgVUhkIrAXdo4Ffu0aleRSemV6MDUmvQt7mjBorNXP521YTb4mvuSTEcy/TnVKpn/W30d9OfSUJk/1mruAW3SHIOPG+SaG8dQcDVJq5D78VsURiaJigWtc9NzaNlCrDmUD7eqIxpqxLr7BuaUgl6kZ6MzymTzas1CLtSNkKDRmqP0dSKrXuycB2Smo6+q83EP/z6olpHzZSHsaJwZCNPmongpiIDJIhLa6QGdGzhDLF7bKEdaiizNj8sjYF7+/N4+R8t+jtF/dOvUL5BEaYhXXIwyZ4cABlOIYKVIHBPTzCM7w4D86T8+q8jVozzvfMGvyC8/4FA/iahw==</latexit>

|de| ⇠ 10�44 e cm

eEDM in SM: CKM phase

Adelmann et al 2102.08838



Baryogenesis11

PHYSICS REACH OF ELECTRON EDM

<latexit sha1_base64="q9QLhEup06j5rPbwsSxzna+Fyoc="></latexit>

LeEDM =
Cd

⇤2
ēL�

µ⌫�5eRFµ⌫h
<latexit sha1_base64="4qVW37wJhEW4T3Pc/BDzIGirqhY=">AAAB73icbVDJSgNBEK1xjXGLevTSGARPYUbcjgFBPEYwCyRD6OnUJE16esbunmAYAv6CJ0FBvPo9nvwbO8tBEx8UPN6roqpekAiujet+O0vLK6tr67mN/ObW9s5uYW+/puNUMayyWMSqEVCNgkusGm4ENhKFNAoE1oP+9divD1BpHst7M0zQj2hX8pAzaqxUbw2oSnq8XSi6JXcCski8GSnCDJV24avViVkaoTRMUK2bnpsYP6PKcCZwlG+lGhPK+rSLTUsljVD72ePk3hE5tlKHhLGyJQ2ZqL9HMhppPYwC2xlR09Pz3lj8z2umJrzyMy6T1KBk00VhKoiJyfh50uEKmRFDSyhT3B5LWI8qyoyNKG9T8OZ/XiS105J3UTq/OyuWb56meeTgEI7gBDy4hDLcQgWqwKAPz/AKb86D8+K8Ox/T1iVnluEB/IHz+QNvrZCy</latexit>'

from A. Falkowski
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TYPICAL SIZE OF ELECTRON EDM
<latexit sha1_base64="2HpkHgitoM8EMiSHWz8TxzjDJFI="></latexit>

de ⇠
⇣ ↵

4⇡

⌘n me

⇤2
e sin� ⇠

⇣ ↵

4⇡

⌘n
4⇥ 10�24

✓
TeV

⇤

◆2

e cm

suppressed by λe

<latexit sha1_base64="TsKL+8KrjK2rqkd4GlkINXHWxhM="></latexit>

) ⇤ & 25 (1)TeV for n = 1 (2)
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TYPICAL SIZE OF ELECTRON EDM
<latexit sha1_base64="2HpkHgitoM8EMiSHWz8TxzjDJFI="></latexit>

de ⇠
⇣ ↵

4⇡

⌘n me

⇤2
e sin� ⇠

⇣ ↵

4⇡

⌘n
4⇥ 10�24

✓
TeV

⇤

◆2

e cm

suppressed by λe

<latexit sha1_base64="TsKL+8KrjK2rqkd4GlkINXHWxhM="></latexit>

) ⇤ & 25 (1)TeV for n = 1 (2)

eL eRẽL ẽR

�

Hd

⇥

⇥

ae

B̃

eL eR

⇥
µ⇥M2

W̃
0

H̃
0
d

H̃
0
u

Hu

ẽL ye

⇥

eL eR

⇥
Hu

�̃
+

�

hZ, �

e.g. SUSY
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TYPICAL SIZE OF ELECTRON EDM
<latexit sha1_base64="2HpkHgitoM8EMiSHWz8TxzjDJFI="></latexit>

de ⇠
⇣ ↵

4⇡

⌘n me

⇤2
e sin� ⇠

⇣ ↵

4⇡

⌘n
4⇥ 10�24

✓
TeV

⇤

◆2

e cm

<latexit sha1_base64="TsKL+8KrjK2rqkd4GlkINXHWxhM="></latexit>

) ⇤ & 25 (1)TeV for n = 1 (2)

CMSSM: |de | ∼ 10−26e ⋅ cm × αem ( 10 Tev
m̃ )

2

| tan β sin ϕμ − sin ϕa |
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0.066

1/2m  (TeV)

  A= 3m0, tan β = 5, μ > 0

m 0
(T

eV
)

125

127

123
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  A= 0, tan β = 10
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.003

θμ/π = 0.005

Kaneta et al 2303.02822
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PLAN

1. Electric dipole moments


2. Implications for electroweak baryogenesis

: very sensitive probe of CPV new physics
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Why is everything made out of matter?
<latexit sha1_base64="ZjOIoNTv28Qr4iWCDkoPqZisyTI=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR3LTMiLeNUHTjsoK9SGccMmmmDU0yQ5IRyjBP4cZXceNCEbfizrcxvSy09YfAx3/O4eT8YcKo0o7zbRUWFpeWV4qrpbX1jc0te3unqeJUYtLAMYtlO0SKMCpIQ1PNSDuRBPGQkVY4uBrVWw9EKhqLWz1MiM9RT9CIYqSNFdiVuyCEF9CLJMKZMFwRQeaFSMIwzzOVQ09RDl3nPqu4Th7YZafqjAXnwZ1CGUxVD+wvrxvjlBOhMUNKdVwn0X6GpKaYkbzkpYokCA9Qj3QMCsSJ8rPxWTk8ME4XRrE0T2g4dn9PZIgrNeSh6eRI99VsbWT+V+ukOjr3MyqSVBOBJ4uilEEdw1FGsEslwZoNDSAsqfkrxH1kEtImyZIJwZ09eR6aR1X3tHpyc1yuXU7jKII9sA8OgQvOQA1cgzpoAAwewTN4BW/Wk/VivVsfk9aCNZ3ZBX9kff4Ay5Cd5w==</latexit>

Yb =
nb � nb̄

s
⇠ 10�10



Baryogenesis17

1. Baryon number violation: sphalerons


2. C- and CP-violation: new CP violation at EW scale


3. Out of equilibrium: 1st order EW phase transition

ELECTROWEAK BARYOGENESIS

Sakharov conditions:



Baryogenesis18

EW PHASE TRANSITION

1st order
from Cline ’06


2nd order/cross over

K

Standard Model

(mh ≳ 65 GeV)

Kajantie et al. ’96

Csikor et al. ‘98

KNew physics




Baryogenesis19

ELECTROWEAK 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>

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

Cohen, Kaplan and Nelson 1991 <latexit sha1_base64="zjRwIquqrdfOV2lPtjPT9MARvVQ="></latexit>

L � ytp
2
'

✓
1 + c

'2

⇤2

◆
t̄LtR + h.c.



Baryogenesis20

ELECTROWEAK 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>

no sphalerons 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="zjRwIquqrdfOV2lPtjPT9MARvVQ="></latexit>

L � ytp
2
'

✓
1 + c

'2

⇤2

◆
t̄LtR + h.c.



Baryogenesis21

ELECTROWEAK 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>

no sphalerons 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="zjRwIquqrdfOV2lPtjPT9MARvVQ="></latexit>

L � ytp
2
'

✓
1 + c

'2

⇤2

◆
t̄LtR + h.c.



Baryogenesis22

ELECTRIC DIPOLE MOMENT OF ELECTRON

top quark

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

⇤ & 10TeV

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

L � ytp
2
�

✓
1 + c

�2

⇤2

◆
t̄LtR + h.c.

<latexit sha1_base64="9+owfbYmwXXq3uCAkzA74oCpHq8=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwI4jGiWSAZQk9PJWnS0zN094hhCPgDngQF8eoXefJv7CwHTXxQ8Hiviqp6QSK4Nq777eSWlldW1/LrhY3Nre2d4u5eXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASDq7HfeECleSzvzTBBP6I9ybucUWOlu7CDnWLJLbsTkEXizUgJZqh2il/tMGZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ4+TW0fkyEoh6cbKljRkov4eyWik9TAKbGdETV/Pe2PxP6+Vmu6ln3GZpAYlmy7qpoKYmIwfJyFXyIwYWkKZ4vZYwvpUUWZsPAWbgjf/8yKpn5S98/LZ7Wmpcv00zSMPB3AIx+DBBVTgBqpQAwY9eIZXeHMi58V5dz6mrTlnluE+/IHz+QMuqY7M</latexit>

de

b, c, τ
<latexit sha1_base64="pMsx62A/6FZeFz6obXPfp1NcPmk=">AAACGHicbVDNS8MwHE3n15xfVY9egkPwMEo7dPM4EMSDhwn7grWMNM22sKQtSSqOMvCP8OSf4klQEK968r8xW3fQzQfh93jvheT3/JhRqWz728itrK6tb+Q3C1vbO7t75v5BS0aJwKSJIxaJjo8kYTQkTUUVI51YEMR9Rtr+6HLqt++IkDQKG2ocE4+jQUj7FCOlpZ5puTc6HCDoDpROcWhb1ZJb0qOSjTLUI3UFhw3SmvTMom3ZM8Bl4sxJEcxR75lfbhDhhJNQYYak7Dp2rLwUCUUxI5OCm0gSIzxCA9LVNEScSC+9ny02gSdaCmA/EvqECs7U31dSxKUcc18nOVJDuehNxf+8bqL6F15KwzhRJMTZQ/2EQRXBaUswoIJgxcaaICyo/izEQyQQVrrLgm7BWdx5mbTKllOxzm/PirWrh6yPPDgCx+AUOKAKauAa1EETYPAInsEreDOejBfj3fjIojlj3uEh+APj8wekJpzd</latexit>

⇤ & 0.7, 0.6, 0.2TeV



Baryogenesis23

ELECTRIC DIPOLE MOMENT OF ELECTRON

top quark

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

⇤ & 10TeV

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

L � ytp
2
�

✓
1 + c

�2

⇤2

◆
t̄LtR + h.c.

<latexit sha1_base64="9+owfbYmwXXq3uCAkzA74oCpHq8=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwI4jGiWSAZQk9PJWnS0zN094hhCPgDngQF8eoXefJv7CwHTXxQ8Hiviqp6QSK4Nq777eSWlldW1/LrhY3Nre2d4u5eXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASDq7HfeECleSzvzTBBP6I9ybucUWOlu7CDnWLJLbsTkEXizUgJZqh2il/tMGZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ4+TW0fkyEoh6cbKljRkov4eyWik9TAKbGdETV/Pe2PxP6+Vmu6ln3GZpAYlmy7qpoKYmIwfJyFXyIwYWkKZ4vZYwvpUUWZsPAWbgjf/8yKpn5S98/LZ7Wmpcv00zSMPB3AIx+DBBVTgBqpQAwY9eIZXeHMi58V5dz6mrTlnluE+/IHz+QMuqY7M</latexit>

de

b, c, τ
<latexit sha1_base64="pMsx62A/6FZeFz6obXPfp1NcPmk=">AAACGHicbVDNS8MwHE3n15xfVY9egkPwMEo7dPM4EMSDhwn7grWMNM22sKQtSSqOMvCP8OSf4klQEK968r8xW3fQzQfh93jvheT3/JhRqWz728itrK6tb+Q3C1vbO7t75v5BS0aJwKSJIxaJjo8kYTQkTUUVI51YEMR9Rtr+6HLqt++IkDQKG2ocE4+jQUj7FCOlpZ5puTc6HCDoDpROcWhb1ZJb0qOSjTLUI3UFhw3SmvTMom3ZM8Bl4sxJEcxR75lfbhDhhJNQYYak7Dp2rLwUCUUxI5OCm0gSIzxCA9LVNEScSC+9ny02gSdaCmA/EvqECs7U31dSxKUcc18nOVJDuehNxf+8bqL6F15KwzhRJMTZQ/2EQRXBaUswoIJgxcaaICyo/izEQyQQVrrLgm7BWdx5mbTKllOxzm/PirWrh6yPPDgCx+AUOKAKauAa1EETYPAInsEreDOejBfj3fjIojlj3uEh+APj8wekJpzd</latexit>

⇤ & 0.7, 0.6, 0.2TeV

K

is CPV enough to 
obtain observed 

baryon 
asymmetry?
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BOLTZMANN EQUATIONS

<latexit sha1_base64="iOGQTv0sxZGNN+6B+ueugOFCtto="></latexit>

df

dt
=

@f

@t
+

d~x

dt
·r~xf +

d~p

dt
·r~pf = C[f ]

- WKB/semiclassical source

- vev insertion approximation (VIA)

force collision term

<latexit sha1_base64="/chuzNkI1MEzRSw3I4mdsf5d4+E="></latexit>

n(~x, t) = gs

Z
d3~p

(2⇡)3
f(~x, ~p, t)
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TOP VS LEPTON SOURCE IN VIA

observed asymmetry

top-tau interaction L � 1

⇤2
QL

⌧̄L⌧Rt̄RtL + h.c.
<latexit sha1_base64="Y+Z5oL4jF9JMbZDayDWcMvJG46c="></latexit>

⇤t = 7.1TeV
<latexit sha1_base64="d+bb4S+Ug1VirECcrGhTywkBfZw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJBUoS4UCm5cuKjQFzQhTCaTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpmoa0HBg7nnMude4KUUals+9tYWl5ZXVsvbZQ3t7Z3ds29/bZMMoFJCycsEd0AScIoJy1FFSPdVBAUB4x0guHNxO88ECFpwptqlBIvRn1OI4qR0pJvHrl3OhwiX8FrWLMc6J7B3BUxbJL22DcrtmVPAReJU5AKKNDwzS83THAWE64wQ1L2HDtVXo6EopiRcdnNJEkRHqI+6WnKUUykl0+vGMMTrYQwSoR+XMGp+nsiR7GUozjQyRipgZz3JuJ/Xi9T0aWXU55minA8WxRlDKoETiqBIRUEKzbSBGFB9V8hHiCBsNLFlXUJzvzJi6RdtZxzq3p/UalfFXWUwCE4BqfAATVQB7egAVoAg0fwDF7Bm/FkvBjvxscsumQUMwfgD4zPHyxFlm4=</latexit>

⇤⌧ = 1TeV
<latexit sha1_base64="enRrC6rA1YSXolJCi+A+P16jKpI=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgQspMFXShUHDjwkWFvqAzDJlM2oYmmSHJCGXoyo2/4saFIm79Bnf+jWk7C209EDiccy4394QJo0o7zrdVWFpeWV0rrpc2Nre2d+zdvZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fBm4rcfiFQ0Fg09SojPUV/QHsVIGymwD707E45Q4GmUwmvoQu8UZp7ksEFa48AuOxVnCrhI3JyUQY56YH95UYxTToTGDCnVdZ1E+xmSmmJGxiUvVSRBeIj6pGuoQJwoP5ueMYbHRolgL5bmCQ2n6u+JDHGlRjw0SY70QM17E/E/r5vq3qWfUZGkmgg8W9RLGdQxnHQCIyoJ1mxkCMKSmr9CPEASYW2aK5kS3PmTF0mrWnHPKtX783LtKq+jCA7AETgBLrgANXAL6qAJMHgEz+AVvFlP1ov1bn3MogUrn9kHf2B9/gCaTZdF</latexit>

cutoff:

de Vries, MP, v/d Vis 2018

Kstatus last year
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LEPTON SOURCE IN WKB AND VIA

 sourceτ

Cline and Laurent 2021

very different predictions!

Kstatus last year
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LEPTON SOURCE IN WKB AND VIA

White, MP, v/d Vis 2022

VIA source term has two contributions which exactly cancel 
(at leading order in the derivative expansion)

Kstatus this year!!
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ELECTRIC DIPOLE MOMENT OF ELECTRON

top quark

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

⇤ & 10TeV

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

L � ytp
2
�

✓
1 + c

�2

⇤2

◆
t̄LtR + h.c.

<latexit sha1_base64="9+owfbYmwXXq3uCAkzA74oCpHq8=">AAAB63icbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwI4jGiWSAZQk9PJWnS0zN094hhCPgDngQF8eoXefJv7CwHTXxQ8Hiviqp6QSK4Nq777eSWlldW1/LrhY3Nre2d4u5eXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASDq7HfeECleSzvzTBBP6I9ybucUWOlu7CDnWLJLbsTkEXizUgJZqh2il/tMGZphNIwQbVueW5i/Iwqw5nAUaGdakwoG9AetiyVNELtZ4+TW0fkyEoh6cbKljRkov4eyWik9TAKbGdETV/Pe2PxP6+Vmu6ln3GZpAYlmy7qpoKYmIwfJyFXyIwYWkKZ4vZYwvpUUWZsPAWbgjf/8yKpn5S98/LZ7Wmpcv00zSMPB3AIx+DBBVTgBqpQAwY9eIZXeHMi58V5dz6mrTlnluE+/IHz+QMuqY7M</latexit>

de

b, c, τ
<latexit sha1_base64="pMsx62A/6FZeFz6obXPfp1NcPmk=">AAACGHicbVDNS8MwHE3n15xfVY9egkPwMEo7dPM4EMSDhwn7grWMNM22sKQtSSqOMvCP8OSf4klQEK968r8xW3fQzQfh93jvheT3/JhRqWz728itrK6tb+Q3C1vbO7t75v5BS0aJwKSJIxaJjo8kYTQkTUUVI51YEMR9Rtr+6HLqt++IkDQKG2ocE4+jQUj7FCOlpZ5puTc6HCDoDpROcWhb1ZJb0qOSjTLUI3UFhw3SmvTMom3ZM8Bl4sxJEcxR75lfbhDhhJNQYYak7Dp2rLwUCUUxI5OCm0gSIzxCA9LVNEScSC+9ny02gSdaCmA/EvqECs7U31dSxKUcc18nOVJDuehNxf+8bqL6F15KwzhRJMTZQ/2EQRXBaUswoIJgxcaaICyo/izEQyQQVrrLgm7BWdx5mbTKllOxzm/PirWrh6yPPDgCx+AUOKAKauAa1EETYPAInsEreDOejBfj3fjIojlj3uEh+APj8wekJpzd</latexit>

⇤ & 0.7, 0.6, 0.2TeV

eEDM rules out simplest 
scenarios
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PLAN

1. Electric dipole moments


2. Implications for electroweak baryogenesis

: very sensitive probe of CPV new physics

: eEDM rules out vanilla EWBG

to save EWBG:  hide CPV e.g. in two-step phase transition

                           resonant (flavor) effects

                           explore different dynamics 



