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EFFECTIVE ELECTROWEAK BARYOGENESIS
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(Planck)

BARYON ASYMMETRY

Yb =
nb � nb̄

s
= 8.65± 0.09⇥ 10�11

<latexit sha1_base64="6Nb5U9fRxA3B+gFzB5npvozR5ao="></latexit>
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Sakharov conditions: 

1. Baryon number violation 

2. C- and CP-violation 

3. Out of equilibrium

BARYOGENESIS

Sakharov 1976
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BARYOGENESIS

New physics 
beyond SM! 

new CP sources 

1st order 
phase 

sphaleronsSakharov conditions: 

1. Baryon number violation ✔ 

2. C ✔- and CP-violation ✗ 

3. Out of equilibrium ✗ 

sphalerons
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ELECTROWEAK 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>

no sphalerons 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>

CP
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ELECTROWEAK 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>

no sphalerons 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>

B
nb � nb̄ 6= 0

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

CP
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ELECTROWEAK 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>

no sphalerons 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>

nb � nb̄ 6= 0
<latexit sha1_base64="IJI7Vzh22rLr3hvbe6miry/NbHA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSwFN5akCrpwUXDjsoJ9QBPCZHrbDp1M4sxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7mTMnTDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVFBo05rFsh0QBZwIammkO7UQCiUIOrXB4PfFbDyAVi8WdHiXgR6QvWI9Roo0U2IciCPGpCDIvJBKHY+wJuMdOYJecijMFXiRuTkooRz2wv7xuTNMIhKacKNVxnUT7GZGaUQ7jopcqSAgdkj50DBUkAuVn0/xjXDZKF/diaUZoPFV/X2QkUmoUmXTliOiBmvcm4n9eJ9W9Sz9jIkk1CDp7qJdyrGM8KQN3mQSq+cgQQiUzWTEdEEmoNpUVTQnu/JcXSbNacc8q1dvzUu0qr6OAjtAxOkEuukA1dIPqqIEoekTP6BW9WU/Wi/VufcxWl6z85gD9gfX5AzVDlOk=</latexit>

CP

B
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ELECTROWEAK BARYOGENESIS

 

motivation: can be probed by experiment 

https://www.euclid-ec.org/
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EFFECTIVE ELECTROWEAK BARYOGENESIS

►. Can we test EWBG in a model-independent way using effective  
    field theory (SM-EFT) ?

► What is the most effective way to produce the baryon asymmetry?
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SM-EFT

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. 

requirement: separation of scales! 
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SM-EFT AND ELECTROWEAK BARYOGENGESIS

 

► 1st order phase transition L6,PT =
1

⇤2
(�†�)3

<latexit sha1_base64="z2jyOhGCMtNXD8okc21xMIK6I5g="></latexit>

⇤ ⇠ 800GeV
<latexit sha1_base64="H5pZ+vI/innaZL3Vz69FdXVsCnE=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBhZSZKtiFi4ILXbioYB/QGUomk2lDk8yQZIQydOPGX3HjQhG3/oM7/8a0nYW2HggczjmXm3uChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOgBRhVJCmppqRTiIJ4gEj7WB4NfHbD0QqGot7PUqIz1Ff0IhipI3Usw+9WxMOEfQU5bDmON4pzDzJ4TVpjXt22ak4U8BF4uakDHI0evaXF8Y45URozJBSXddJtJ8hqSlmZFzyUkUShIeoT7qGCsSJ8rPpFWN4bJQQRrE0T2g4VX9PZIgrNeKBSXKkB2rem4j/ed1URzU/oyJJNRF4tihKGdQxnFQCQyoJ1mxkCMKSmr9CPEASYW2KK5kS3PmTF0mrWnHPKtW783L9Mq+jCA7AETgBLrgAdXADGqAJMHgEz+AVvFlP1ov1bn3MogUrn9kHf2B9/gDTipbY</latexit>

► two scenarios for CP

►

►

L6,A = � iyt
⇤2
CP

Q̄L�̃tR(�
†�) + h.c.

<latexit sha1_base64="C9hbzXk90goQqOvAuSyDa5oYoQg="></latexit>

L6,A = � i↵

⇤2
CP

Q̄LD
2�̃tR + h.c.

<latexit sha1_base64="iK+IeQwkJeCXPWWL5saZKRp0Hw0="></latexit>

L6,B
<latexit sha1_base64="BkN+6D+W5h7loeZqGhuXGBjLQXM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfVY6sWDhwr2A9pYNttNu3SzCbsbpYT8Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xtfT/32I5WKheJeTyLqBngomM8I1kZ6SHoEc3Sb9pOLs3raL5bssj0DWiZORkqQodEvfvUGIYkDKjThWKmuY0faTbDUjHCaFnqxohEmYzykXUMFDqhyk9nVKToxygD5oTQlNJqpvycSHCg1CTzTGWA9UoveVPzP68bav3ITJqJYU0Hmi/yYIx2iaQRowCQlmk8MwUQycysiIywx0SaoggnBWXx5mbQqZadartydl2r1LI48HMExnIIDl1CDG2hAEwhIeIZXeLOerBfr3fqYt+asbOYQ/sD6/AGn9ZH1</latexit>

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

 

► 1st order phase transition L6,PT =
1

⇤2
(�†�)3

<latexit sha1_base64="z2jyOhGCMtNXD8okc21xMIK6I5g="></latexit>

⇤ ⇠ 800GeV
<latexit sha1_base64="H5pZ+vI/innaZL3Vz69FdXVsCnE=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBhZSZKtiFi4ILXbioYB/QGUomk2lDk8yQZIQydOPGX3HjQhG3/oM7/8a0nYW2HggczjmXm3uChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOgBRhVJCmppqRTiIJ4gEj7WB4NfHbD0QqGot7PUqIz1Ff0IhipI3Usw+9WxMOEfQU5bDmON4pzDzJ4TVpjXt22ak4U8BF4uakDHI0evaXF8Y45URozJBSXddJtJ8hqSlmZFzyUkUShIeoT7qGCsSJ8rPpFWN4bJQQRrE0T2g4VX9PZIgrNeKBSXKkB2rem4j/ed1URzU/oyJJNRF4tihKGdQxnFQCQyoJ1mxkCMKSmr9CPEASYW2KK5kS3PmTF0mrWnHPKtW783L9Mq+jCA7AETgBLrgAdXADGqAJMHgEz+AVvFlP1ov1bn3MogUrn9kHf2B9/gDTipbY</latexit>

► two scenarios for CP

►

►

L6,A = � iyt
⇤2
CP

Q̄L�̃tR(�
†�) + h.c.

<latexit sha1_base64="C9hbzXk90goQqOvAuSyDa5oYoQg="></latexit>

L6,BL6,B = L6,A +
c8

⇤2⇤2
CP

O8
<latexit sha1_base64="BrH5Wj3tRlo2Wj9ovBcabERrfnw="></latexit>

EFT valid:
e.o.m

L6,A = � i↵

⇤2
CP

Q̄LD
2�̃tR + h.c.

<latexit sha1_base64="iK+IeQwkJeCXPWWL5saZKRp0Hw0="></latexit>

L6,B
<latexit sha1_base64="BkN+6D+W5h7loeZqGhuXGBjLQXM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfVY6sWDhwr2A9pYNttNu3SzCbsbpYT8Dy8eFPHqf/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xtfT/32I5WKheJeTyLqBngomM8I1kZ6SHoEc3Sb9pOLs3raL5bssj0DWiZORkqQodEvfvUGIYkDKjThWKmuY0faTbDUjHCaFnqxohEmYzykXUMFDqhyk9nVKToxygD5oTQlNJqpvycSHCg1CTzTGWA9UoveVPzP68bav3ITJqJYU0Hmi/yYIx2iaQRowCQlmk8MwUQycysiIywx0SaoggnBWXx5mbQqZadartydl2r1LI48HMExnIIDl1CDG2hAEwhIeIZXeLOerBfr3fqYt+asbOYQ/sD6/AGn9ZH1</latexit>

https://www.euclid-ec.org/
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�
<latexit sha1_base64="4lqyabYHIjnuVOdDSLxRunmJcwI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQQ8eAl48RjAPSJbQO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpTgSGciZp0zLLaSfRFETEaTsa38789hPVhin5YCcJDQUMJYsZAeukVm8IQkC/XPGr/hx4lQQ5qaAcjX75qzdQJBVUWsLBmG7gJzbMQFtGOJ2WeqmhCZAxDGnXUQmCmjCbXzvFZ04Z4FhpV9Liufp7IgNhzERErlOAHZllbyb+53VTG1+HGZNJaqkki0VxyrFVePY6HjBNieUTR4Bo5m7FZAQaiHUBlVwIwfLLq6RVqwYX1dr9ZaV+k8dRRCfoFJ2jAF2hOrpDDdREBD2iZ/SK3jzlvXjv3seiteDlM8foD7zPH4ZrjxM=</latexit>

e
<latexit sha1_base64="17eB7oAAsCWKPX0rA77H2d3JY40=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFwMYyARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxrcz/+EJleaxvDeTBP2IDiUPOaPGSk3slytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0q5VvYtqrXlZqd/kcRThBE7hHDy4gjrcQQNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB8jtjOc=</latexit>

H, Z
<latexit sha1_base64="EUH6jS2dmMkZX39R6eCWBABx6Eg=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgEcJdFLSwCNikjODFYHKEvc1esmR379jdE8KR32BjoYitP8jOf+MmuUITHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTWcaoI9UnMY9UJsaacSeobZjjtJIpiEXL6EI5vZ/7DE1WaxfLeTBIaCDyULGIEGyv5zWqv+tgvV9yaOwdaJV5OKpCj1S9/9QYxSQWVhnCsdddzExNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/NgpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3nd1ETXQcZkkhoqyWJRlHJkYjT7HA2YosTwiSWYKGZvRWSEFSbG5lOyIXjLL6+Sdr3mXdTqd5eVxk0eRxFO4BTOwYMraEATWuADAQbP8ApvjnRenHfnY9FacPKZY/gD5/MHzHOOAA==</latexit>

ELECTRIC DIPOLE MOMENT OF ELECTRON

 

EFT ✔  → same bound for A & B 

ACME bound: ⇤CP � 7.1TeV
<latexit sha1_base64="QV7Mr+ZLbnbQc688VX8Ob0hUuqg=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYSNiNQiwsAmksLCLkBdmwzM7eJENmH87MCmHJH9j4KzYWitja2vk3TjZbaOKBgcM553LnHjfiTCrT/DZyK6tr6xv5zcLW9s7uXnH/oC3DWFBo0ZCHousSCZwF0FJMcehGAojvcui44/rM7zyAkCwMmmoSQd8nw4ANGCVKS07x1L7VYY84iS18XG9MsT2Ee1wtW9g+x6nYhPbUKZbMspkCLxMrIyWUoeEUv2wvpLEPgaKcSNmzzEj1EyIUoxymBTuWEBE6JkPoaRoQH2Q/Se+Z4hOteHgQCv0ChVP190RCfCknvquTPlEjuejNxP+8XqwGV/2EBVGsIKDzRYOYYxXiWTnYYwKo4hNNCBVM/xXTERGEKl1hQZdgLZ68TNqVsnVRrtxdlmrXWR15dISO0RmyUBXV0A1qoBai6BE9o1f0ZjwZL8a78TGP5oxs5hD9gfH5A97mmqA=</latexit>

https://www.euclid-ec.org/
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TRANSPORT EQUATIONS

diffusion

vwq
0 �Dqq

00 = Sq � �M (µq � µt)� �y(µq � µt + µ�)� �ss(2µq + ...)
<latexit sha1_base64="d8k63o0R87ZNp0D689AG1w35XBs="></latexit>

q ⌘ nQL � nQ̄L
<latexit sha1_base64="Zk9ItQzi/XZaFTQ55Yygmw9UNX4=">AAACCHicbZC7TsMwFIadcivlFmBkwKJCYqFKChIMDJVYGBhaiV6kJooc12mtOk5qO5WqqCMLr8LCAEKsPAIbb4PTZoCWX7L0+T/nyD6/HzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf3mb19pgISSP+oCYxcUPU5zSgGClteebxCDpklNAx5F7a8O6n8Dwjx0cCZlfPLFsVaya4DHYOZZCr7plfTi/CSUi4wgxJ2bWtWLkpEopiRqYlJ5EkRniI+qSrkaOQSDedLTKFp9rpwSAS+nAFZ+7viRSFUk5CX3eGSA3kYi0z/6t1ExVcuynlcaIIx/OHgoRBFcEsFdijgmDFJhoQFlT/FeIBEggrnV1Jh2AvrrwMrWrFvqhUG5fl2k0eRxEcgRNwBmxwBWrgDtRBE2DwCJ7BK3gznowX4934mLcWjHzmEPyR8fkDEu6Ytg==</latexit>

wash outsource

h�i
<latexit sha1_base64="BeV7hge1Rq0tkGZfbPwIA+PuIg8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQRcuCm5cVrAPaEKZTG/aoZNJmJkINRR/xY0LRdz6H+78G6dpFtp64MKZc+5l7j1BwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHNzO88gFQsFvd6koAfkaFgIaNEG6lvH3mciCEH7CUjhj2ZP/p21ak5OfAycQtSRQWaffvLG8Q0jUBoyolSPddJtJ8RqRnlMK14qYKE0DEZQs9QQSJQfpZvP8WnRhngMJamhMa5+nsiI5FSkygwnRHRI7XozcT/vF6qwys/YyJJNQg6/yhMOdYxnkWBB0wC1XxiCKGSmV0xHRFJqDaBVUwI7uLJy6Rdr7nntfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gANrZTy</latexit>

h�i
<latexit sha1_base64="BeV7hge1Rq0tkGZfbPwIA+PuIg8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQRcuCm5cVrAPaEKZTG/aoZNJmJkINRR/xY0LRdz6H+78G6dpFtp64MKZc+5l7j1BwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHNzO88gFQsFvd6koAfkaFgIaNEG6lvH3mciCEH7CUjhj2ZP/p21ak5OfAycQtSRQWaffvLG8Q0jUBoyolSPddJtJ8RqRnlMK14qYKE0DEZQs9QQSJQfpZvP8WnRhngMJamhMa5+nsiI5FSkygwnRHRI7XozcT/vF6qwys/YyJJNQg6/yhMOdYxnkWBB0wC1XxiCKGSmV0xHRFJqDaBVUwI7uLJy6Rdr7nntfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gANrZTy</latexit>

h�i
<latexit sha1_base64="BeV7hge1Rq0tkGZfbPwIA+PuIg8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQRcuCm5cVrAPaEKZTG/aoZNJmJkINRR/xY0LRdz6H+78G6dpFtp64MKZc+5l7j1BwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHNzO88gFQsFvd6koAfkaFgIaNEG6lvH3mciCEH7CUjhj2ZP/p21ak5OfAycQtSRQWaffvLG8Q0jUBoyolSPddJtJ8RqRnlMK14qYKE0DEZQs9QQSJQfpZvP8WnRhngMJamhMa5+nsiI5FSkygwnRHRI7XozcT/vF6qwys/YyJJNQg6/yhMOdYxnkWBB0wC1XxiCKGSmV0xHRFJqDaBVUwI7uLJy6Rdr7nntfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gANrZTy</latexit>

h�i
<latexit sha1_base64="BeV7hge1Rq0tkGZfbPwIA+PuIg8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQRcuCm5cVrAPaEKZTG/aoZNJmJkINRR/xY0LRdz6H+78G6dpFtp64MKZc+5l7j1BwpnSjvNtlVZW19Y3ypuVre2d3T17/6Ct4lRSaNGYx7IbEAWcCWhppjl0EwkkCjh0gvHNzO88gFQsFvd6koAfkaFgIaNEG6lvH3mciCEH7CUjhj2ZP/p21ak5OfAycQtSRQWaffvLG8Q0jUBoyolSPddJtJ8RqRnlMK14qYKE0DEZQs9QQSJQfpZvP8WnRhngMJamhMa5+nsiI5FSkygwnRHRI7XozcT/vF6qwys/YyJJNQg6/yhMOdYxnkWBB0wC1XxiCKGSmV0xHRFJqDaBVUwI7uLJy6Rdr7nntfrdRbVxXcRRRsfoBJ0hF12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mrSWrmDlEf2B9/gANrZTy</latexit>

or

scenario A scenario B

CP

µq =
nq

kq
<latexit sha1_base64="uB613OvpQIo9NReXIMv+SfV/5hU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMVEEXCgU3LivYB3SGIZNm2tAkM00yQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCRNGlXacb6u0srq2vlHerGxt7+zu2fsHbRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0e3U7zwSqWgsHvQkIT5HA0EjipE2UmAfeTwNxvAGepFEOBPBOM9GpgV21ak5M8Bl4hakCgo0A/vL68c45URozJBSPddJtJ8hqSlmJK94qSIJwiM0ID1DBeJE+dnsgByeGqUPo1iaEhrO1N8bGeJKTXhoJjnSQ7XoTcX/vF6qoys/oyJJNRF4/lCUMqhjOE0D9qkkWLOJIQhLav4K8RCZJLTJrGJCcBdPXibtes09r9XvL6qN6yKOMjgGJ+AMuOASNMAdaIIWwCAHz+AVvFlP1ov1bn3MR0tWsXMI/sD6/AG4zZZ7</latexit>
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RECAP

CP violating Higgs-
top coupling (A & B)

bubble dynamics 
(dim-6 Higgs 
interaction)

transport equations density left-handed 
quarks/leptons

baryon 
asymmetry Yb

sphalerons
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RESULTS FOR BARYON ASYMMETRY

 

EFT valid?   No!

https://www.euclid-ec.org/
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BREAKDOWN OF EFT

 

V = �µ2(�†�) + �(�†�)2 +
1

⇤2
(�†�)3

<latexit sha1_base64="kpRNfegs8os04flnbTAvkVmkByM="></latexit>

no separation of scales in Higgs sector: new light d.o.f.

V = �µ2(�†�) + �(�†�)2 +
1

⇤2
(�†�)3

<latexit sha1_base64="kpRNfegs8os04flnbTAvkVmkByM="></latexit>

+ thermal corrections

V
<latexit sha1_base64="ZHTJuVrsXJ8Nz2mGcO2drL0vXec=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrtfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fs/+M3g==</latexit>

|�|
<latexit sha1_base64="adxR3ju42Fm9qt6cw4LwQyR/ETw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXjxWsB/QLiWbZtvYbLIkWaFs+x+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY32Z++4kqzaR4MJOY+hEeChYygo2VWtNePGLTfrniVt050CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n86vnaEzqwxQKJUtYdBc/T2R4kjrSRTYzgibkV72MvE/r5uY8NpPmYgTQwVZLAoTjoxE2etowBQlhk8swUQxeysiI6wwMTagkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTSDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfapI9P</latexit>

https://www.euclid-ec.org/
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BREAKDOWN OF EFT

 

EWBG: LB � � ytp
2
t̄LtR 'b


1 +

i'2
b

2⇤2
CP

✓
1 +

T 2

2�⇤2
+

'2
b

2�⇤2

◆�
+ h.c.

<latexit sha1_base64="JE6ZWzH/iD2ngloTwsupWOiBG3s="></latexit>

EDM: LB � � mt

⇤2
CP

t̄LtR '0


'0h+

3

2
h2

✓
1 +

2'4
0

m2
h⇤

2

◆�
+ h.c.

<latexit sha1_base64="nxJfCfLMEC002o4S15mu27x9swE="></latexit>

dimension-8 effects

no separation of scales in Higgs sector: new light d.o.f.

i
<latexit sha1_base64="hA2BMjcr0btVk5qY1/HOr4xO94Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0MuM8Q==</latexit>

https://www.euclid-ec.org/
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EFFECTIVE ELECTROWEAK BARYOGENESIS

►. Can we test EWBG in a model-independent way using effective  
    field theory (SM-EFT) ?

No!

► What is the most effective way to produce the baryon asymmetry?
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RESULTS FOR BARYON ASYMMETRY

 

Planck bound

✶

✶ - including tau leptons

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


Effective electroweak baryogengesis

bubble wall

nL = 5q + 4t
<latexit sha1_base64="hodepIcJ7B/X3xptwqZI4bgf9hA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3RvSgEPDiwUME88AkhNnJJBkyO7vO9Aoh5C+8eFDEq3/jzb9xkuxBEwsaiqpuurv8SAqDrvvtpJaWV1bX0uuZjc2t7Z3s7l7VhLFmvMJCGeq6Tw2XQvEKCpS8HmlOA1/ymj+4nvi1J66NCNU9DiPeCmhPia5gFK30oNq35Ors8aSI7WzOzbtTkEXiJSQHCcrt7FezE7I44AqZpMY0PDfC1ohqFEzycaYZGx5RNqA93rBU0YCb1mh68ZgcWaVDuqG2pZBM1d8TIxoYMwx82xlQ7Jt5byL+5zVi7F60RkJFMXLFZou6sSQYksn7pCM0ZyiHllCmhb2VsD7VlKENKWND8OZfXiTVQt47zRfuirnSZRJHGg7gEI7Bg3MowQ2UoQIMFDzDK7w5xnlx3p2PWWvKSWb24Q+czx/8OI/L</latexit>

q
<latexit sha1_base64="FLLL2PfKVn4s6o+W3EzV2IHk5Lc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFwMYyAfMByRH2NnPJmr29c3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyW92acoB/RgeQhZ9RYqf7YK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDbHYzz</latexit>

!22

!TOP QUARK SOURCE 

► large source

► large washout  
    

► strong EDM bound

► slow diffusion

pro

con

► chiral suppression
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!TOP QUARK SOURCE   VS.   TAU LEPTON SOURCE

► large source

► large washout  
    

► strong EDM bound

► slow diffusion

pro

con

► smaller source

► smaller washout

► weaker EDM bound

► faster diffusion

con

► chiral suppression ► no chiral suppression

pro
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!EFFECTIVE BARYON PRODUCTION: USE LEPTONS

2.  Transfer chiral asymmetry to lepton sector  
     (with top-quark coupling)

1.  CP-violating source for tau-lepton
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EFFECTIVE BARYON PRODUCTION: USE LEPTONS

Planck bound

top-tau interaction L � 1

⇤2
QL

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

strength tau-yukawa interaction

⇤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:
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EFFECTIVE ELECTROWEAK BARYOGENESIS

►. Can we test EWBG in a model-independent way using effective  
    field theory (SM-EFT) ?

No!

► What is the most effective way to produce the baryon asymmetry?

Use leptons!
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RESULTS FOR BARYON ASYMMETRY

 

EFT valid?   No!source

https://www.euclid-ec.org/
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!TOP QUARK SOURCE 

► chiral suppression

strong sphalerons in equilibrium

light quarks produced by strong sphalerons 

k-factors at zero temperature

0 =
3X

i=1

(2µqi � µui � µdi) =
3X

i=1

✓
2
qi
kqi

� ui

kui

� di
kdi

◆

<latexit sha1_base64="qGFfOX/YVT4CGWXIbYJ5KuN8H/w="></latexit>

nL =
3X

i=1

qi = 0 + temperature corrections
<latexit sha1_base64="i7sH5Nau6+66fNG+asGPOiJSSPg="></latexit>

qi = �2ui = �2di = �2d3 = 2(u3 + q3) for i = 1, 2
<latexit sha1_base64="lnZksNt6JUIE7emUco1LP7W78kk="></latexit>

kui = kdi = 3 & kqi = 6
<latexit sha1_base64="0Ab7RhWwrPYvQQI9MaaJFD1qIBo=">AAACFHicbZBNS8MwGMdTX+d8q3r0EhyKIIx2ExWGMPTicYJ7gbWUNM22sDStSSqMsg/hxa/ixYMiXj1489uYdT3o5gMhP/7/5yF5/n7MqFSW9W0sLC4tr6wW1orrG5tb2+bObktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vB64rcfiJA04ndqFBM3RH1OexQjpSXPPBl6aeLRMbzUEGRQhU7NqUHnaHpr/T7TzzyzZJWtrOA82DmUQF4Nz/xygggnIeEKMyRl17Zi5aZIKIoZGRedRJIY4SHqk65GjkIi3TRbagwPtRLAXiT04Qpm6u+JFIVSjkJfd4ZIDeSsNxH/87qJ6l24KeVxogjH04d6CYMqgpOEYEAFwYqNNCAsqP4rxAMkEFY6x6IOwZ5deR5albJdLVduT0v1qzyOAtgHB+AY2OAc1MENaIAmwOARPINX8GY8GS/Gu/ExbV0w8pk98KeMzx/Tk5wj</latexit>


