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without strong CP problem
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strong CP problem: numbers & parameters

unobserved CP violation in the strong interactions
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strong CP problem: numbers & parameters

unobserved CP violation in the strong interactions

at odds with the SM:
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strong CP problem: numbers & parameters

unobserved CP violation in the strong interactions

physical combination CP violating
(two contributions related by a field redefinition)
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strong CP problem: symmetry solutions
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]

➡  need new U(1) spontaneously broken: qcd axion
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]

➡  need new U(1) spontaneously broken: qcd axion

CP [Nelson and Barr ‘80s]
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✓0 = 0, Yu,d = Y ⇤
u,d
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]

➡  need new U(1) spontaneously broken: qcd axion

CP [Nelson and Barr ‘80s]

P [Babu and Mohapatra; Barr, Chang, Senjanovic ’90s]

<latexit sha1_base64="0QzlEs9jj6YTDee9O4PAPY9dtOg=">AAACGXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiol6EohePClZbmhI2m2m7dPPB7kQoIX/Di3/FiwdFPOrJf+O25qCtDxYe783Mzjw/kUKjbX9Zpbn5hcWl8nJlZXVtfaO6uXWr41RxaPJYxqrlMw1SRNBEgRJaiQIW+hLu/OHF2L+7B6VFHN3gKIFuyPqR6AnO0Ehe1c5cHACy/Kwgnp3TA+qGDAcqzJjq524ASLO2l9K2F+RetWbX7QnoLHEKUiMFrrzqhxvEPA0hQi6Z1h3HTrBrJqPgEvKKm2pIGB+yPnQMjVgIuptNLsvpnlEC2ouVeRHSifq7I2Oh1qPQN5XjjfW0Nxb/8zop9k67mYiSFCHiPx/1UkkxpuOYaCAUcJQjQxhXwuxK+YApxtGEWTEhONMnz5Lbw7pzXHeuj2qN8yKOMtkhu2SfOOSENMgluSJNwskDeSIv5NV6tJ6tN+v9p7RkFT3b5A+sz2/TlKDN</latexit>

✓ = ✓0 + arg detYuYd

(anomalous under QCD)
<latexit sha1_base64="FB6x9bXg9WmDsj3bmWS5KDz1eQE=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAInsKuiHoRgl48RjAPSZZldtJJhsw+mOkVwxK8+CtePCji1a/w5t842eSgiQUNRVX39HT5sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+IOrsd+4B6VFFN7iMAY3YL1QdAVnaCSvuNdGeMDsndSXCYzSOy8Z0Qtqe8WSXbYz0HniTEmJTFH1il/tTsSTAELkkmndcuwY3ZQpFFzCqNBONMSMD1gPWoaGLADtptnqET00Sod2I2UqRJqpvydSFmg9DHzTGTDs61lvLP7ntRLsnrupCOMEIeSTRd1EUozoOA/aEQo4yqEhjCth/kp5nynG0aRWMCE4syfPk/px2TktOzcnpcrlNI482ScH5Ig45IxUyDWpkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yB9bnD1QWl10=</latexit>

Yu = 0• “massless up” (excluded by lattice)

•   (excluded by CKM phase)

➡  need spontaneous breaking of CP + extra structure

<latexit sha1_base64="mZKSN0VIofml+0sPMNEsOLurfb0=">AAACPnicdVA9SwNBEN3zM8avqKXNYhBEQrgTUZtA0MYygvGDXDz2NpNkyd4Hu3NiOO6X2fgb7CxtLBSxtXQTU2iiDwYe783s7Dw/lkKjbT9ZU9Mzs3PzuYX84tLyymphbf1CR4niUOeRjNSVzzRIEUIdBUq4ihWwwJdw6fdOBv7lLSgtovAc+zE0A9YJRVtwhkbyCnUX4Q6H76S+TCBLXewCMs/OKnbJLdEJ/9pLk1Iryyr/OTe7mVco2mV7CDpJnBEpkhFqXuHRbUU8CSBELpnWDceOsZkyhYJLyPJuoiFmvMc60DA0ZAHoZjpcntFto7RoO1KmQqRD9edEygKt+4FvOgOGXT3uDcS/vEaC7aNmKsI4QQj596J2IilGdJAlbQkFHGXfEMaVMH+lvMsU42gSz5sQnPGTJ8nFXtk5KDtn+8Xq8SiOHNkkW2SHOOSQVMkpqZE64eSePJNX8mY9WC/Wu/Xx3TpljWY2yC9Yn1/7X7H8</latexit>

✓0 = 0, Yu,d = Y ⇤
u,d
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]

➡  need new U(1) spontaneously broken: qcd axion

CP [Nelson and Barr ‘80s]

P [Babu and Mohapatra; Barr, Chang, Senjanovic ’90s]

<latexit sha1_base64="0QzlEs9jj6YTDee9O4PAPY9dtOg=">AAACGXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiol6EohePClZbmhI2m2m7dPPB7kQoIX/Di3/FiwdFPOrJf+O25qCtDxYe783Mzjw/kUKjbX9Zpbn5hcWl8nJlZXVtfaO6uXWr41RxaPJYxqrlMw1SRNBEgRJaiQIW+hLu/OHF2L+7B6VFHN3gKIFuyPqR6AnO0Ehe1c5cHACy/Kwgnp3TA+qGDAcqzJjq524ASLO2l9K2F+RetWbX7QnoLHEKUiMFrrzqhxvEPA0hQi6Z1h3HTrBrJqPgEvKKm2pIGB+yPnQMjVgIuptNLsvpnlEC2ouVeRHSifq7I2Oh1qPQN5XjjfW0Nxb/8zop9k67mYiSFCHiPx/1UkkxpuOYaCAUcJQjQxhXwuxK+YApxtGEWTEhONMnz5Lbw7pzXHeuj2qN8yKOMtkhu2SfOOSENMgluSJNwskDeSIv5NV6tJ6tN+v9p7RkFT3b5A+sz2/TlKDN</latexit>

✓ = ✓0 + arg detYuYd

(anomalous under QCD)
<latexit sha1_base64="FB6x9bXg9WmDsj3bmWS5KDz1eQE=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAInsKuiHoRgl48RjAPSZZldtJJhsw+mOkVwxK8+CtePCji1a/w5t842eSgiQUNRVX39HT5sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+IOrsd+4B6VFFN7iMAY3YL1QdAVnaCSvuNdGeMDsndSXCYzSOy8Z0Qtqe8WSXbYz0HniTEmJTFH1il/tTsSTAELkkmndcuwY3ZQpFFzCqNBONMSMD1gPWoaGLADtptnqET00Sod2I2UqRJqpvydSFmg9DHzTGTDs61lvLP7ntRLsnrupCOMEIeSTRd1EUozoOA/aEQo4yqEhjCth/kp5nynG0aRWMCE4syfPk/px2TktOzcnpcrlNI482ScH5Ig45IxUyDWpkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yB9bnD1QWl10=</latexit>

Yu = 0• “massless up” (excluded by lattice)

•   (excluded by CKM phase)

➡  need spontaneous breaking of CP + extra structure

<latexit sha1_base64="mZKSN0VIofml+0sPMNEsOLurfb0=">AAACPnicdVA9SwNBEN3zM8avqKXNYhBEQrgTUZtA0MYygvGDXDz2NpNkyd4Hu3NiOO6X2fgb7CxtLBSxtXQTU2iiDwYe783s7Dw/lkKjbT9ZU9Mzs3PzuYX84tLyymphbf1CR4niUOeRjNSVzzRIEUIdBUq4ihWwwJdw6fdOBv7lLSgtovAc+zE0A9YJRVtwhkbyCnUX4Q6H76S+TCBLXewCMs/OKnbJLdEJ/9pLk1Iryyr/OTe7mVco2mV7CDpJnBEpkhFqXuHRbUU8CSBELpnWDceOsZkyhYJLyPJuoiFmvMc60DA0ZAHoZjpcntFto7RoO1KmQqRD9edEygKt+4FvOgOGXT3uDcS/vEaC7aNmKsI4QQj596J2IilGdJAlbQkFHGXfEMaVMH+lvMsU42gSz5sQnPGTJ8nFXtk5KDtn+8Xq8SiOHNkkW2SHOOSQVMkpqZE64eSePJNX8mY9WC/Wu/Xx3TpljWY2yC9Yn1/7X7H8</latexit>

✓0 = 0, Yu,d = Y ⇤
u,d

•   (excluded by maximal parity breaking of weak interactions)
<latexit sha1_base64="HvfVcuR3dSEEc3YlNRmBwq7nFOo=">AAACNnicbVDLSgNBEJyN7/iKevQyGASREHZF1Esg6MWLoGBiJBuX2UknGTL7YKZXDMt+lRe/w5sXD4p49ROcxBzUpKChqOqeni4/lkKjbb9YuZnZufmFxaX88srq2nphY7Ouo0RxqPFIRqrhMw1ShFBDgRIasQIW+BJu/P7Z0L+5B6VFFF7jIIZWwLqh6AjO0Ehe4cJFeMDRO6kvE8hSF3uAzLOzil1yS3TCv/WSrDJFbd/tZ16haJftEegkccakSMa49ArPbjviSQAhcsm0bjp2jK2UKRRcQpZ3Ew0x433WhaahIQtAt9LR4ozuGqVNO5EyFSIdqb8nUhZoPQh80xkw7On/3lCc5jUT7Jy0UhHGCULIfxZ1EkkxosMMaVso4CgHhjCuhPkr5T2mGEeTdN6E4Pw/eZLUD8rOUdm5OixWT8dxLJJtskP2iEOOSZWck0tSI5w8khfyRt6tJ+vV+rA+f1pz1nhmi/yB9fUNEECuiw==</latexit>

✓0 = 0, Yu = Y ⇤
d
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strong CP problem: symmetry solutions

U(1) [Peccei, Quinn; Weinberg; Wilczek ’70s]

➡  need new U(1) spontaneously broken: qcd axion

CP [Nelson and Barr ‘80s]

P [Babu and Mohapatra; Barr, Chang, Senjanovic ’90s]

<latexit sha1_base64="0QzlEs9jj6YTDee9O4PAPY9dtOg=">AAACGXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiol6EohePClZbmhI2m2m7dPPB7kQoIX/Di3/FiwdFPOrJf+O25qCtDxYe783Mzjw/kUKjbX9Zpbn5hcWl8nJlZXVtfaO6uXWr41RxaPJYxqrlMw1SRNBEgRJaiQIW+hLu/OHF2L+7B6VFHN3gKIFuyPqR6AnO0Ehe1c5cHACy/Kwgnp3TA+qGDAcqzJjq524ASLO2l9K2F+RetWbX7QnoLHEKUiMFrrzqhxvEPA0hQi6Z1h3HTrBrJqPgEvKKm2pIGB+yPnQMjVgIuptNLsvpnlEC2ouVeRHSifq7I2Oh1qPQN5XjjfW0Nxb/8zop9k67mYiSFCHiPx/1UkkxpuOYaCAUcJQjQxhXwuxK+YApxtGEWTEhONMnz5Lbw7pzXHeuj2qN8yKOMtkhu2SfOOSENMgluSJNwskDeSIv5NV6tJ6tN+v9p7RkFT3b5A+sz2/TlKDN</latexit>

✓ = ✓0 + arg detYuYd

(anomalous under QCD)
<latexit sha1_base64="FB6x9bXg9WmDsj3bmWS5KDz1eQE=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTAInsKuiHoRgl48RjAPSZZldtJJhsw+mOkVwxK8+CtePCji1a/w5t842eSgiQUNRVX39HT5sRQabfvbyi0sLi2v5FcLa+sbm1vF7Z26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+IOrsd+4B6VFFN7iMAY3YL1QdAVnaCSvuNdGeMDsndSXCYzSOy8Z0Qtqe8WSXbYz0HniTEmJTFH1il/tTsSTAELkkmndcuwY3ZQpFFzCqNBONMSMD1gPWoaGLADtptnqET00Sod2I2UqRJqpvydSFmg9DHzTGTDs61lvLP7ntRLsnrupCOMEIeSTRd1EUozoOA/aEQo4yqEhjCth/kp5nynG0aRWMCE4syfPk/px2TktOzcnpcrlNI482ScH5Ig45IxUyDWpkhrh5JE8k1fyZj1ZL9a79TFpzVnTmV3yB9bnD1QWl10=</latexit>

Yu = 0• “massless up” (excluded by lattice)

•   (excluded by CKM phase)

➡  need spontaneous breaking of CP + extra structure

<latexit sha1_base64="mZKSN0VIofml+0sPMNEsOLurfb0=">AAACPnicdVA9SwNBEN3zM8avqKXNYhBEQrgTUZtA0MYygvGDXDz2NpNkyd4Hu3NiOO6X2fgb7CxtLBSxtXQTU2iiDwYe783s7Dw/lkKjbT9ZU9Mzs3PzuYX84tLyymphbf1CR4niUOeRjNSVzzRIEUIdBUq4ihWwwJdw6fdOBv7lLSgtovAc+zE0A9YJRVtwhkbyCnUX4Q6H76S+TCBLXewCMs/OKnbJLdEJ/9pLk1Iryyr/OTe7mVco2mV7CDpJnBEpkhFqXuHRbUU8CSBELpnWDceOsZkyhYJLyPJuoiFmvMc60DA0ZAHoZjpcntFto7RoO1KmQqRD9edEygKt+4FvOgOGXT3uDcS/vEaC7aNmKsI4QQj596J2IilGdJAlbQkFHGXfEMaVMH+lvMsU42gSz5sQnPGTJ8nFXtk5KDtn+8Xq8SiOHNkkW2SHOOSQVMkpqZE64eSePJNX8mY9WC/Wu/Xx3TpljWY2yC9Yn1/7X7H8</latexit>

✓0 = 0, Yu,d = Y ⇤
u,d

•   (excluded by maximal parity breaking of weak interactions)

➡  need spontaneous breaking of P + extra structure

<latexit sha1_base64="HvfVcuR3dSEEc3YlNRmBwq7nFOo=">AAACNnicbVDLSgNBEJyN7/iKevQyGASREHZF1Esg6MWLoGBiJBuX2UknGTL7YKZXDMt+lRe/w5sXD4p49ROcxBzUpKChqOqeni4/lkKjbb9YuZnZufmFxaX88srq2nphY7Ouo0RxqPFIRqrhMw1ShFBDgRIasQIW+BJu/P7Z0L+5B6VFFF7jIIZWwLqh6AjO0Ehe4cJFeMDRO6kvE8hSF3uAzLOzil1yS3TCv/WSrDJFbd/tZ16haJftEegkccakSMa49ArPbjviSQAhcsm0bjp2jK2UKRRcQpZ3Ew0x433WhaahIQtAt9LR4ozuGqVNO5EyFSIdqb8nUhZoPQh80xkw7On/3lCc5jUT7Jy0UhHGCULIfxZ1EkkxosMMaVso4CgHhjCuhPkr5T2mGEeTdN6E4Pw/eZLUD8rOUdm5OixWT8dxLJJtskP2iEOOSZWck0tSI5w8khfyRt6tJ+vV+rA+f1pz1nhmi/yB9fUNEECuiw==</latexit>

✓0 = 0, Yu = Y ⇤
d
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QCD axion vs rest of the world ?

QCD axion:
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QCD axion:

➡ IR solution
➡ DM candidate

➡ quality issue
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QCD axion vs rest of the world ?

QCD axion:

➡ IR solution
➡ DM candidate

➡ quality issue
➡ unseen so far

can we solve strong CP and find that DM is not an axion?

identify a model that solves the strong CP based on discrete symmetry

—> with spontaneous breaking

—> with a dark matter candidate

—> with the ingredients for baryogenesis
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cosmology of parity solutions of the strong CP problem

with Michele Redi, arXiv: 2307.03161

recently also:

[Craig et al ’20;
Hisano et al ‘23;

Bonnefoy et al ‘23]
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

fundamental symmetry of an extended sector
~ parity exchange SM with its copy~

[Babu and Mohapatra; 
Barr, Chang, Senjanovic ’90s]
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

fundamental symmetry of an extended sector
~ parity exchange SM with its copy~

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

[Babu and Mohapatra; 
Barr, Chang, Senjanovic ’90s]
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

fundamental symmetry of an extended sector
~ parity exchange SM with its copy~

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

➡ for example:

<latexit sha1_base64="eRQUtLC4lvAU56sv5rMwa3CyVO4="></latexit>

q̃ ⇠ (3̄, 2,�1/6)

<latexit sha1_base64="Vz+GdggGqJh46+InZyMqXINFQRo=">AAAB9XicdVDLTsJAFJ3iC/GFunQzkZhgQmpLocCO6MYlJvJIoJLpMMCE6cOZqYY0/IcbFxrj1n9x5984BUzU6ElucnLOvbn3HjdkVEjD+NBSK6tr6xvpzczW9s7uXnb/oCWCiGPSxAELeMdFgjDqk6akkpFOyAnyXEba7uQi8dt3hAsa+NdyGhLHQyOfDilGUkk3tz1BvbxVKBbMM/u0n80ZumHVarYFFamUrXI1IXa1ZNnQ1I05cmCJRj/73hsEOPKILzFDQnRNI5ROjLikmJFZphcJEiI8QSPSVdRHHhFOPL96Bk+UMoDDgKvyJZyr3ydi5Akx9VzV6SE5Fr+9RPzL60ZyWHVi6oeRJD5eLBpGDMoAJhHAAeUESzZVBGFO1a0QjxFHWKqgMiqEr0/h/6RV1E1bN69Kufr5Mo40OALHIA9MUAF1cAkaoAkw4OABPIFn7V571F6010VrSlvOHIIf0N4+AVFHkRs=</latexit>

q ⇠ (3, 2, 1/6)

[Babu and Mohapatra; 
Barr, Chang, Senjanovic ’90s]
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

fundamental symmetry of an extended sector
~ parity exchange SM with its copy~

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

➡ for example:

<latexit sha1_base64="eRQUtLC4lvAU56sv5rMwa3CyVO4="></latexit>

q̃ ⇠ (3̄, 2,�1/6)

<latexit sha1_base64="Vz+GdggGqJh46+InZyMqXINFQRo=">AAAB9XicdVDLTsJAFJ3iC/GFunQzkZhgQmpLocCO6MYlJvJIoJLpMMCE6cOZqYY0/IcbFxrj1n9x5984BUzU6ElucnLOvbn3HjdkVEjD+NBSK6tr6xvpzczW9s7uXnb/oCWCiGPSxAELeMdFgjDqk6akkpFOyAnyXEba7uQi8dt3hAsa+NdyGhLHQyOfDilGUkk3tz1BvbxVKBbMM/u0n80ZumHVarYFFamUrXI1IXa1ZNnQ1I05cmCJRj/73hsEOPKILzFDQnRNI5ROjLikmJFZphcJEiI8QSPSVdRHHhFOPL96Bk+UMoDDgKvyJZyr3ydi5Akx9VzV6SE5Fr+9RPzL60ZyWHVi6oeRJD5eLBpGDMoAJhHAAeUESzZVBGFO1a0QjxFHWKqgMiqEr0/h/6RV1E1bN69Kufr5Mo40OALHIA9MUAF1cAkaoAkw4OABPIFn7V571F6010VrSlvOHIIf0N4+AVFHkRs=</latexit>

q ⇠ (3, 2, 1/6)

[Babu and Mohapatra; 
Barr, Chang, Senjanovic ’90s]

➡ Higgs and its copy
<latexit sha1_base64="vueu73DZK0rNNlAJOVQm+6aUCrg=">AAAB/HicdZDLSsNAFIYn9VbrLdqlm8EiuAqJadN2IRTddFnBXqANZTKdtEMnkzAzKZRSX8WNC0Xc+iDufBunF0FFfxj4+M85nDN/kDAqlW1/GJmNza3tnexubm//4PDIPD5pyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsY3yzq7QkRksb8Tk0T4kdoyGlIMVLa6pv5HkN8yAis98QKriZ9s2Bbtlutei7UUC65pcoCvErR9aBj2UsVwFqNvvneG8Q4jQhXmCEpu46dKH+GhKKYkXmul0qSIDxGQ9LVyFFEpD9bHj+H59oZwDAW+nEFl+73iRmKpJxGge6MkBrJ37WF+Vetm6qw4s8oT1JFOF4tClMGVQwXScABFQQrNtWAsKD6VohHSCCsdF45HcLXT+H/0Lq0HM9ybouF2vU6jiw4BWfgAjigDGqgDhqgCTCYggfwBJ6Ne+PReDFeV60ZYz2TBz9kvH0CaRuUow==</latexit>

hHi = v

<latexit sha1_base64="bWW+quwJ6rII3D/+UZqj6LxVzag=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXZcbpcyEU3XRZwT6gU0omvW1DM5khyRRK6dqNv+LGhSJu/QJ3/o3pQ1DRAxdOzrmX3Hv8iDOlbfvDWlldW9/YTGwlt3d29/ZTB4d1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q+vZ35jBFKxUNzqcQTtgPQF6zFKtJE6qROPE9HngD3NeBdwxZOL9+VSGHVSaTtju6VS3sWGFHJurjgj+WLWzWMnY8+RRktUO6l3rxvSOAChKSdKtRw70u0JkZpRDtOkFyuICB2SPrQMFSQA1Z7MT5niM6N0cS+UpoTGc/X7xIQESo0D33QGRA/Ub28m/uW1Yt0rtidMRLEGQRcf9WKOdYhnueAuk0A1HxtCqGRmV0wHRBKqTXpJE8LXpfh/Ur/IOPmMc5NNl6+WcSTQMTpF58hBBVRGFVRFNUTRHXpAT+jZurcerRfrddG6Yi1njtAPWG+fs+2aSw==</latexit>

hH̃i = ṽ
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

fundamental symmetry of an extended sector
~ parity exchange SM with its copy~

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

➡ for example:

<latexit sha1_base64="eRQUtLC4lvAU56sv5rMwa3CyVO4="></latexit>

q̃ ⇠ (3̄, 2,�1/6)

<latexit sha1_base64="Vz+GdggGqJh46+InZyMqXINFQRo=">AAAB9XicdVDLTsJAFJ3iC/GFunQzkZhgQmpLocCO6MYlJvJIoJLpMMCE6cOZqYY0/IcbFxrj1n9x5984BUzU6ElucnLOvbn3HjdkVEjD+NBSK6tr6xvpzczW9s7uXnb/oCWCiGPSxAELeMdFgjDqk6akkpFOyAnyXEba7uQi8dt3hAsa+NdyGhLHQyOfDilGUkk3tz1BvbxVKBbMM/u0n80ZumHVarYFFamUrXI1IXa1ZNnQ1I05cmCJRj/73hsEOPKILzFDQnRNI5ROjLikmJFZphcJEiI8QSPSVdRHHhFOPL96Bk+UMoDDgKvyJZyr3ydi5Akx9VzV6SE5Fr+9RPzL60ZyWHVi6oeRJD5eLBpGDMoAJhHAAeUESzZVBGFO1a0QjxFHWKqgMiqEr0/h/6RV1E1bN69Kufr5Mo40OALHIA9MUAF1cAkaoAkw4OABPIFn7V571F6010VrSlvOHIIf0N4+AVFHkRs=</latexit>

q ⇠ (3, 2, 1/6)

[Babu and Mohapatra; 
Barr, Chang, Senjanovic ’90s]

➡ Higgs and its copy
<latexit sha1_base64="vueu73DZK0rNNlAJOVQm+6aUCrg=">AAAB/HicdZDLSsNAFIYn9VbrLdqlm8EiuAqJadN2IRTddFnBXqANZTKdtEMnkzAzKZRSX8WNC0Xc+iDufBunF0FFfxj4+M85nDN/kDAqlW1/GJmNza3tnexubm//4PDIPD5pyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsY3yzq7QkRksb8Tk0T4kdoyGlIMVLa6pv5HkN8yAis98QKriZ9s2Bbtlutei7UUC65pcoCvErR9aBj2UsVwFqNvvneG8Q4jQhXmCEpu46dKH+GhKKYkXmul0qSIDxGQ9LVyFFEpD9bHj+H59oZwDAW+nEFl+73iRmKpJxGge6MkBrJ37WF+Vetm6qw4s8oT1JFOF4tClMGVQwXScABFQQrNtWAsKD6VohHSCCsdF45HcLXT+H/0Lq0HM9ybouF2vU6jiw4BWfgAjigDGqgDhqgCTCYggfwBJ6Ne+PReDFeV60ZYz2TBz9kvH0CaRuUow==</latexit>

hHi = v

<latexit sha1_base64="bWW+quwJ6rII3D/+UZqj6LxVzag=">AAACCnicdVDLSgMxFM34rPVVdekmWgRXZcbpcyEU3XRZwT6gU0omvW1DM5khyRRK6dqNv+LGhSJu/QJ3/o3pQ1DRAxdOzrmX3Hv8iDOlbfvDWlldW9/YTGwlt3d29/ZTB4d1FcaSQo2GPJRNnyjgTEBNM82hGUkggc+h4Q+vZ35jBFKxUNzqcQTtgPQF6zFKtJE6qROPE9HngD3NeBdwxZOL9+VSGHVSaTtju6VS3sWGFHJurjgj+WLWzWMnY8+RRktUO6l3rxvSOAChKSdKtRw70u0JkZpRDtOkFyuICB2SPrQMFSQA1Z7MT5niM6N0cS+UpoTGc/X7xIQESo0D33QGRA/Ub28m/uW1Yt0rtidMRLEGQRcf9WKOdYhnueAuk0A1HxtCqGRmV0wHRBKqTXpJE8LXpfh/Ur/IOPmMc5NNl6+WcSTQMTpF58hBBVRGFVRFNUTRHXpAT+jZurcerRfrddG6Yi1njtAPWG+fs+2aSw==</latexit>

hH̃i = ṽ
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 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

acts non trivially on the gauge fields
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 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

acts non trivially on the gauge fields

* in the frame where all the angle is in the topological term

<latexit sha1_base64="xaTWZwXIpIeo/Uh0PywY9l/PZGc="></latexit>

✓̄


↵3

16⇡
✏µ⌫⇢�Gµ⌫G⇢� � ↵̃3

16⇡
✏µ⌫⇢�G̃µ⌫G̃⇢�

�
theta-terms in the two sectors are equal and opposite*
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 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

<latexit sha1_base64="+1GxrBMCuSqk2Az5sdb41dv3Za8=">AAACCXicbZBNS8NAEIYnftb6VfXoZbEInkpSRL0IRS8eK9gPbELYbDft0s0m7G6EEnr14l/x4kERr/4Db/4bN20O2jow8PDODDPzBglnStv2t7W0vLK6tl7aKG9ube/sVvb22ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRtd5vfNApWKxuNPjhHoRHggWMoK1kfwKciOsh0GQNSeXM5aRYVeziCp079f9StWu2dNAi+AUUIUimn7ly+3HJI2o0IRjpXqOnWgvw1Izwumk7KaKJpiM8ID2DApsFnnZ9JMJOjZKH4WxNCk0mqq/JzIcKTWOAtOZ36rma7n4X62X6vDCy5hIUk0FmS0KU450jHJbUJ9JSjQfG8BEMnMrIkMsMdHGvLIxwZl/eRHa9ZpzVnNuT6uNq8KOEhzCEZyAA+fQgBtoQgsIPMIzvMKb9WS9WO/Wx6x1ySpmDuBPWJ8/UX6aFg==</latexit>P = P⇥ Z2

acts non trivially on the gauge fields

* in the frame where all the angle is in the topological term

<latexit sha1_base64="xaTWZwXIpIeo/Uh0PywY9l/PZGc="></latexit>

✓̄


↵3

16⇡
✏µ⌫⇢�Gµ⌫G⇢� � ↵̃3

16⇡
✏µ⌫⇢�G̃µ⌫G̃⇢�

�
theta-terms in the two sectors are equal and opposite*

<latexit sha1_base64="QtanMtR9mO3G9EKc2nyQAvfkgWA=">AAACG3icbZDNSsNAFIUn9a/Wv6hLN4NFEIWQFFGXRTddtmDaShvDZDJth04mYWYilND3cOOruHGhiCvBhW/jtI2grQcGPs69lzv3BAmjUtn2l1FYWl5ZXSuulzY2t7Z3zN29poxTgYmLYxaLdoAkYZQTV1HFSDsRBEUBI61geD2pt+6JkDTmN2qUEC9CfU57FCOlLd+s3PopbMAadOEp1Hx3AruKspBoM4faD+iWgYUt3yzblj0VXAQnhzLIVffNj24Y4zQiXGGGpOw4dqK8DAlFMSPjUjeVJEF4iPqko5GjiEgvm942hkfaCWEvFvpxBafu74kMRVKOokB3RkgN5HxtYv5X66Sqd+lllCepIhzPFvVSBlUMJ0HBkAqCFRtpQFhQ/VeIB0ggrHScJR2CM3/yIjQrlnNuOY2zcvUqj6MIDsAhOAYOuABVUAN14AIMHsATeAGvxqPxbLwZ77PWgpHP7IM/Mj6/AfeBnao=</latexit>

YuQHU + Y
⇤
u Q̃H̃Ũ + h.c.

and of course also:
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

crucial ingredient is the breaking of the two color factors to our QCD

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

<latexit sha1_base64="u/QwJSxZVYX3jHanuJVMl70QK5A=">AAAB+nicdVDLSsNAFJ3UV62vVpduBotQQUJi+twV3bisaB/QhjKZTtqhM0mYmSil9lPcuFDErV/izr9x0lZQ0QMXDufcy733eBGjUlnWh5FaWV1b30hvZra2d3b3srn9lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98UXit2+JkDQMbtQkIi5Hw4D6FCOlpX4217umQ45gT1IOC86pc9LP5i3Tcmq1sgM1qZScUjUh5WrRKUPbtObIgyUa/ex7bxDimJNAYYak7NpWpNwpEopiRmaZXixJhPAYDUlX0wBxIt3p/PQZPNbKAPqh0BUoOFe/T0wRl3LCPd3JkRrJ314i/uV1Y+VX3SkNoliRAC8W+TGDKoRJDnBABcGKTTRBWFB9K8QjJBBWOq2MDuHrU/g/aZ2Zdtm0r4r5+vkyjjQ4BEegAGxQAXVwCRqgCTC4Aw/gCTwb98aj8WK8LlpTxnLmAPyA8fYJV6qSxQ==</latexit>

⌃ ⇠ (3, 3)

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

crucial ingredient is the breaking of the two color factors to our QCD

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

the breaking set a boundary condition where 
<latexit sha1_base64="amgeE6G6ZbbKxRtNcgazxyF1KcQ=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgqWSL1PYgFL14rGA/oF1KNs22odnsmswKZemf8OJBEa/+HW/+G7NtBRV9MPB4b4aZeX4shQFCPpzcyura+kZ+s7C1vbO7V9w/aJso0Yy3WCQj3fWp4VIo3gIBkndjzWnoS97xJ1eZ37nn2ohI3cI05l5IR0oEglGwUrcPYw70ggyKJVImFtUqzohbI64l9XqtUqljd24RUkJLNAfF9/4wYknIFTBJjem5JAYvpRoEk3xW6CeGx5RN6Ij3LFU05MZL5/fO8IlVhjiItC0FeK5+n0hpaMw09G1nSGFsfnuZ+JfXSyCoealQcQJcscWiIJEYIpw9j4dCcwZyagllWthbMRtTTRnYiAo2hK9P8f+kXSm71bJ7c1ZqXC7jyKMjdIxOkYvOUQNdoyZqIYYkekBP6Nm5cx6dF+d10ZpzljOH6Aect0/xdo/s</latexit>

✓ = 0

<latexit sha1_base64="u/QwJSxZVYX3jHanuJVMl70QK5A=">AAAB+nicdVDLSsNAFJ3UV62vVpduBotQQUJi+twV3bisaB/QhjKZTtqhM0mYmSil9lPcuFDErV/izr9x0lZQ0QMXDufcy733eBGjUlnWh5FaWV1b30hvZra2d3b3srn9lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98UXit2+JkDQMbtQkIi5Hw4D6FCOlpX4217umQ45gT1IOC86pc9LP5i3Tcmq1sgM1qZScUjUh5WrRKUPbtObIgyUa/ex7bxDimJNAYYak7NpWpNwpEopiRmaZXixJhPAYDUlX0wBxIt3p/PQZPNbKAPqh0BUoOFe/T0wRl3LCPd3JkRrJ314i/uV1Y+VX3SkNoliRAC8W+TGDKoRJDnBABcGKTTRBWFB9K8QjJBBWOq2MDuHrU/g/aZ2Zdtm0r4r5+vkyjjQ4BEegAGxQAXVwCRqgCTC4Aw/gCTwb98aj8WK8LlpTxnLmAPyA8fYJV6qSxQ==</latexit>

⌃ ⇠ (3, 3)

<latexit sha1_base64="wPkkHEsKKlefQSNYmu7bggkU9k8="></latexit>

h⌃i ⇠ 1

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P
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[Bonnefoy, Hall, Manzari, Scherb, 2303.06156]

crucial ingredient is the breaking of the two color factors to our QCD

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

the breaking set a boundary condition where 
<latexit sha1_base64="amgeE6G6ZbbKxRtNcgazxyF1KcQ=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgqWSL1PYgFL14rGA/oF1KNs22odnsmswKZemf8OJBEa/+HW/+G7NtBRV9MPB4b4aZeX4shQFCPpzcyura+kZ+s7C1vbO7V9w/aJso0Yy3WCQj3fWp4VIo3gIBkndjzWnoS97xJ1eZ37nn2ohI3cI05l5IR0oEglGwUrcPYw70ggyKJVImFtUqzohbI64l9XqtUqljd24RUkJLNAfF9/4wYknIFTBJjem5JAYvpRoEk3xW6CeGx5RN6Ij3LFU05MZL5/fO8IlVhjiItC0FeK5+n0hpaMw09G1nSGFsfnuZ+JfXSyCoealQcQJcscWiIJEYIpw9j4dCcwZyagllWthbMRtTTRnYiAo2hK9P8f+kXSm71bJ7c1ZqXC7jyKMjdIxOkYvOUQNdoyZqIYYkekBP6Nm5cx6dF+d10ZpzljOH6Aect0/xdo/s</latexit>

✓ = 0

[Barr, Chang, Senjanovic ’90s]
low energy as in 

<latexit sha1_base64="YasUJn0Ren/ZKHPhoDkHXv22mIk="></latexit>

1

g2s(M⌃)
=

1

g23(M⌃)
+

1

g̃23(M⌃)

<latexit sha1_base64="u/QwJSxZVYX3jHanuJVMl70QK5A=">AAAB+nicdVDLSsNAFJ3UV62vVpduBotQQUJi+twV3bisaB/QhjKZTtqhM0mYmSil9lPcuFDErV/izr9x0lZQ0QMXDufcy733eBGjUlnWh5FaWV1b30hvZra2d3b3srn9lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98UXit2+JkDQMbtQkIi5Hw4D6FCOlpX4217umQ45gT1IOC86pc9LP5i3Tcmq1sgM1qZScUjUh5WrRKUPbtObIgyUa/ex7bxDimJNAYYak7NpWpNwpEopiRmaZXixJhPAYDUlX0wBxIt3p/PQZPNbKAPqh0BUoOFe/T0wRl3LCPd3JkRrJ314i/uV1Y+VX3SkNoliRAC8W+TGDKoRJDnBABcGKTTRBWFB9K8QjJBBWOq2MDuHrU/g/aZ2Zdtm0r4r5+vkyjjQ4BEegAGxQAXVwCRqgCTC4Aw/gCTwb98aj8WK8LlpTxnLmAPyA8fYJV6qSxQ==</latexit>

⌃ ⇠ (3, 3)

<latexit sha1_base64="wPkkHEsKKlefQSNYmu7bggkU9k8="></latexit>

h⌃i ⇠ 1

<latexit sha1_base64="LbXfzv7Nylw/P+JCU52p4O+HruY="></latexit>

✓̄


↵3

16⇡
✏µ⌫⇢�Gµ⌫G⇢� � ↵̃3

16⇡
✏µ⌫⇢�G̃µ⌫G̃⇢�

�

g3Gµ=⌥g̃3G̃µ

= 0

 symmetric world + color interactions
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

7/22



spectrum and constraints

the new sector is colored below 
<latexit sha1_base64="i56WbqIq6H2mPjSq4HNjNuEycW0=">AAAB7XicdVBNTwIxEO3iF+IX6tFLIzHxtNkVWOBG9OIRoyAJbEi3dKHSdjdt14Rs+A9ePGiMV/+PN/+NXcBEjb5kkpf3ZjIzL4gZVdpxPqzcyura+kZ+s7C1vbO7V9w/6KgokZi0ccQi2Q2QIowK0tZUM9KNJUE8YOQ2mFxk/u09kYpG4kZPY+JzNBI0pBhpI3X613TE0aBYcmyn3Gh4ZWhIrVqu1jPi1StlD7q2M0cJLNEaFN/7wwgnnAiNGVKq5zqx9lMkNcWMzAr9RJEY4QkakZ6hAnGi/HR+7QyeGGUIw0iaEhrO1e8TKeJKTXlgOjnSY/Xby8S/vF6iw7qfUhEnmgi8WBQmDOoIZq/DIZUEazY1BGFJza0Qj5FEWJuACiaEr0/h/6RzZrue7V5VSs3zZRx5cASOwSlwQQ00wSVogTbA4A48gCfwbEXWo/VivS5ac9Zy5hD8gPX2CehSj14=</latexit>

⌃
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spectrum and constraints

➡ all the mirror quarks are colored

<latexit sha1_base64="EwSpZGnQY2UYErzAgC1BMwiHMO4="></latexit>

mũ = 800GeV

✓
ṽ

108 GeV

◆

the new sector is colored below 
<latexit sha1_base64="i56WbqIq6H2mPjSq4HNjNuEycW0=">AAAB7XicdVBNTwIxEO3iF+IX6tFLIzHxtNkVWOBG9OIRoyAJbEi3dKHSdjdt14Rs+A9ePGiMV/+PN/+NXcBEjb5kkpf3ZjIzL4gZVdpxPqzcyura+kZ+s7C1vbO7V9w/6KgokZi0ccQi2Q2QIowK0tZUM9KNJUE8YOQ2mFxk/u09kYpG4kZPY+JzNBI0pBhpI3X613TE0aBYcmyn3Gh4ZWhIrVqu1jPi1StlD7q2M0cJLNEaFN/7wwgnnAiNGVKq5zqx9lMkNcWMzAr9RJEY4QkakZ6hAnGi/HR+7QyeGGUIw0iaEhrO1e8TKeJKTXlgOjnSY/Xby8S/vF6iw7qfUhEnmgi8WBQmDOoIZq/DIZUEazY1BGFJza0Qj5FEWJuACiaEr0/h/6RzZrue7V5VSs3zZRx5cASOwSlwQQ00wSVogTbA4A48gCfwbEXWo/VivS5ac9Zy5hD8gPX2CehSj14=</latexit>

⌃
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spectrum and constraints

➡ all the mirror quarks are colored

<latexit sha1_base64="EwSpZGnQY2UYErzAgC1BMwiHMO4="></latexit>

mũ = 800GeV

✓
ṽ

108 GeV

◆

➡ LHC constraints on colored particles

the new sector is colored below 
<latexit sha1_base64="i56WbqIq6H2mPjSq4HNjNuEycW0=">AAAB7XicdVBNTwIxEO3iF+IX6tFLIzHxtNkVWOBG9OIRoyAJbEi3dKHSdjdt14Rs+A9ePGiMV/+PN/+NXcBEjb5kkpf3ZjIzL4gZVdpxPqzcyura+kZ+s7C1vbO7V9w/6KgokZi0ccQi2Q2QIowK0tZUM9KNJUE8YOQ2mFxk/u09kYpG4kZPY+JzNBI0pBhpI3X613TE0aBYcmyn3Gh4ZWhIrVqu1jPi1StlD7q2M0cJLNEaFN/7wwgnnAiNGVKq5zqx9lMkNcWMzAr9RJEY4QkakZ6hAnGi/HR+7QyeGGUIw0iaEhrO1e8TKeJKTXlgOjnSY/Xby8S/vF6iw7qfUhEnmgi8WBQmDOoIZq/DIZUEazY1BGFJza0Qj5FEWJuACiaEr0/h/6RzZrue7V5VSs3zZRx5cASOwSlwQQ00wSVogTbA4A48gCfwbEXWo/VivS5ac9Zy5hD8gPX2CehSj14=</latexit>

⌃

<latexit sha1_base64="wkwTKQcTAD0WzsPM/TPAFXB2gSc=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCswm4QtQzaWEbIC7IhzE5ukiEzu8vMXSEs6W38FRsLRWz9ATv/xsmj0MQDA4dzzmXuPWEihUHP+3bW1jc2t7ZzO/ndvf2DQ/fouGHiVHOo81jGuhUyA1JEUEeBElqJBqZCCc1wdDv1mw+gjYijGo4T6Cg2iERfcIZW6roF1c0CFLIHNJ0EA7RJRcs0UAyHWmU1aEy6btEreTPQVeIvSJEsUO26X0Ev5qmCCLlkxrR9L8FOxjQKLmGSD1IDCeMjNoC2pRFTYDrZ7JYJPbNKj/ZjbV+EdKb+nsiYMmasQpuc7miWvan4n9dOsX/dyUSUpAgRn3/UTyXFmE6LoT2hgaMcW8K4FnZXyodMM462vrwtwV8+eZU0yiX/suTfXxQrN4s6cuSUFMg58ckVqZA7UiV1wskjeSav5M15cl6cd+djHl1zFjMn5A+czx8joZsc</latexit>

mũ & 2TeV
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spectrum and constraints

➡ all the mirror quarks are colored

<latexit sha1_base64="EwSpZGnQY2UYErzAgC1BMwiHMO4="></latexit>

mũ = 800GeV

✓
ṽ

108 GeV

◆

➡ LHC constraints on colored particles

the new sector is colored below 
<latexit sha1_base64="i56WbqIq6H2mPjSq4HNjNuEycW0=">AAAB7XicdVBNTwIxEO3iF+IX6tFLIzHxtNkVWOBG9OIRoyAJbEi3dKHSdjdt14Rs+A9ePGiMV/+PN/+NXcBEjb5kkpf3ZjIzL4gZVdpxPqzcyura+kZ+s7C1vbO7V9w/6KgokZi0ccQi2Q2QIowK0tZUM9KNJUE8YOQ2mFxk/u09kYpG4kZPY+JzNBI0pBhpI3X613TE0aBYcmyn3Gh4ZWhIrVqu1jPi1StlD7q2M0cJLNEaFN/7wwgnnAiNGVKq5zqx9lMkNcWMzAr9RJEY4QkakZ6hAnGi/HR+7QyeGGUIw0iaEhrO1e8TKeJKTXlgOjnSY/Xby8S/vF6iw7qfUhEnmgi8WBQmDOoIZq/DIZUEazY1BGFJza0Qj5FEWJuACiaEr0/h/6RzZrue7V5VSs3zZRx5cASOwSlwQQ00wSVogTbA4A48gCfwbEXWo/VivS5ac9Zy5hD8gPX2CehSj14=</latexit>

⌃

<latexit sha1_base64="zVmUKtpAUOL53beYIYGTMDltgpY=">AAACF3icdZDLSsNAFIYn9VbrLerSzWARXIXEtGm7K7rpsoK9QFPKZDpph04mYWYilNK3cOOruHGhiFvd+TZOb1BFDwx8/P85nDl/kDAqlW1/GZmNza3tnexubm//4PDIPD5pyjgVmDRwzGLRDpAkjHLSUFQx0k4EQVHASCsY3cz81j0Rksb8To0T0o3QgNOQYqS01DMtnyE+YATWoC8W5DMGV6qvKOuvmT0zb1u2W6l4LtRQKrrF8gy8csH1oGPZ88qDZdV75qffj3EaEa4wQ1J2HDtR3QkSimJGpjk/lSRBeIQGpKORo4jI7mR+1xReaKUPw1joxxWcq+sTExRJOY4C3RkhNZS/vZn4l9dJVVjuTihPUkU4XiwKUwZVDGchwT4VBCs21oCwoPqvEA+RQFjpKHM6hNWl8H9oXlmOZzm3hXz1ehlHFpyBc3AJHFACVVADddAAGDyAJ/ACXo1H49l4M94XrRljOXMKfpTx8Q3lvZ8s</latexit>

hHi ⌧ hH̃i

➡ need parity breaking

<latexit sha1_base64="wkwTKQcTAD0WzsPM/TPAFXB2gSc=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCswm4QtQzaWEbIC7IhzE5ukiEzu8vMXSEs6W38FRsLRWz9ATv/xsmj0MQDA4dzzmXuPWEihUHP+3bW1jc2t7ZzO/ndvf2DQ/fouGHiVHOo81jGuhUyA1JEUEeBElqJBqZCCc1wdDv1mw+gjYijGo4T6Cg2iERfcIZW6roF1c0CFLIHNJ0EA7RJRcs0UAyHWmU1aEy6btEreTPQVeIvSJEsUO26X0Ev5qmCCLlkxrR9L8FOxjQKLmGSD1IDCeMjNoC2pRFTYDrZ7JYJPbNKj/ZjbV+EdKb+nsiYMmasQpuc7miWvan4n9dOsX/dyUSUpAgRn3/UTyXFmE6LoT2hgaMcW8K4FnZXyodMM462vrwtwV8+eZU0yiX/suTfXxQrN4s6cuSUFMg58ckVqZA7UiV1wskjeSav5M15cl6cd+djHl1zFjMn5A+czx8joZsc</latexit>

mũ & 2TeV
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spectrum and constraints

➡ all the mirror quarks are colored

<latexit sha1_base64="EwSpZGnQY2UYErzAgC1BMwiHMO4="></latexit>

mũ = 800GeV

✓
ṽ

108 GeV

◆

➡ LHC constraints on colored particles

[big difference with the 
“mirror world literature”]

the new sector is colored below 
<latexit sha1_base64="i56WbqIq6H2mPjSq4HNjNuEycW0=">AAAB7XicdVBNTwIxEO3iF+IX6tFLIzHxtNkVWOBG9OIRoyAJbEi3dKHSdjdt14Rs+A9ePGiMV/+PN/+NXcBEjb5kkpf3ZjIzL4gZVdpxPqzcyura+kZ+s7C1vbO7V9w/6KgokZi0ccQi2Q2QIowK0tZUM9KNJUE8YOQ2mFxk/u09kYpG4kZPY+JzNBI0pBhpI3X613TE0aBYcmyn3Gh4ZWhIrVqu1jPi1StlD7q2M0cJLNEaFN/7wwgnnAiNGVKq5zqx9lMkNcWMzAr9RJEY4QkakZ6hAnGi/HR+7QyeGGUIw0iaEhrO1e8TKeJKTXlgOjnSY/Xby8S/vF6iw7qfUhEnmgi8WBQmDOoIZq/DIZUEazY1BGFJza0Qj5FEWJuACiaEr0/h/6RzZrue7V5VSs3zZRx5cASOwSlwQQ00wSVogTbA4A48gCfwbEXWo/VivS5ac9Zy5hD8gPX2CehSj14=</latexit>

⌃

<latexit sha1_base64="zVmUKtpAUOL53beYIYGTMDltgpY=">AAACF3icdZDLSsNAFIYn9VbrLerSzWARXIXEtGm7K7rpsoK9QFPKZDpph04mYWYilNK3cOOruHGhiFvd+TZOb1BFDwx8/P85nDl/kDAqlW1/GZmNza3tnexubm//4PDIPD5pyjgVmDRwzGLRDpAkjHLSUFQx0k4EQVHASCsY3cz81j0Rksb8To0T0o3QgNOQYqS01DMtnyE+YATWoC8W5DMGV6qvKOuvmT0zb1u2W6l4LtRQKrrF8gy8csH1oGPZ88qDZdV75qffj3EaEa4wQ1J2HDtR3QkSimJGpjk/lSRBeIQGpKORo4jI7mR+1xReaKUPw1joxxWcq+sTExRJOY4C3RkhNZS/vZn4l9dJVVjuTihPUkU4XiwKUwZVDGchwT4VBCs21oCwoPqvEA+RQFjpKHM6hNWl8H9oXlmOZzm3hXz1ehlHFpyBc3AJHFACVVADddAAGDyAJ/ACXo1H49l4M94XrRljOXMKfpTx8Q3lvZ8s</latexit>

hHi ⌧ hH̃i

➡ need parity breaking

<latexit sha1_base64="wkwTKQcTAD0WzsPM/TPAFXB2gSc=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCswm4QtQzaWEbIC7IhzE5ukiEzu8vMXSEs6W38FRsLRWz9ATv/xsmj0MQDA4dzzmXuPWEihUHP+3bW1jc2t7ZzO/ndvf2DQ/fouGHiVHOo81jGuhUyA1JEUEeBElqJBqZCCc1wdDv1mw+gjYijGo4T6Cg2iERfcIZW6roF1c0CFLIHNJ0EA7RJRcs0UAyHWmU1aEy6btEreTPQVeIvSJEsUO26X0Ev5qmCCLlkxrR9L8FOxjQKLmGSD1IDCeMjNoC2pRFTYDrZ7JYJPbNKj/ZjbV+EdKb+nsiYMmasQpuc7miWvan4n9dOsX/dyUSUpAgRn3/UTyXFmE6LoT2hgaMcW8K4FnZXyodMM462vrwtwV8+eZU0yiX/suTfXxQrN4s6cuSUFMg58ckVqZA7UiV1wskjeSav5M15cl6cd+djHl1zFjMn5A+czx8joZsc</latexit>

mũ & 2TeV

two massless photons
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challenges

aim of our work was to show the following results

Spontaneous breaking of 
<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

Dark Matter candidate

Viable neutrino physics
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spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

spontaneous breaking possible by inspecting the SM Higgs effective potential  
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spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

spontaneous breaking possible by inspecting the SM Higgs effective potential  

SM Higgs has instability at high field value
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spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

can the new field  and the mirror sector  
generate a minimum before ?

<latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃
<latexit sha1_base64="ZGPW1a0oQAmfI78bruGmQOQkGcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6qwf15pXadx1GEIziGUwjgEmpwC3VoAAEJz/AKb57xXrx372PeWvDymUP4A+/zBzb+kJ8=</latexit>

MPl
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spontaneous breaking possible by inspecting the SM Higgs effective potential  

SM Higgs has instability at high field value

similar ideas in
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spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

can the new field  and the mirror sector  
generate a minimum before ?

<latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃
<latexit sha1_base64="ZGPW1a0oQAmfI78bruGmQOQkGcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6qwf15pXadx1GEIziGUwjgEmpwC3VoAAEJz/AKb57xXrx372PeWvDymUP4A+/zBzb+kJ8=</latexit>

MPl

[Blinov and Hook, 1605.03178]

spontaneous breaking possible by inspecting the SM Higgs effective potential  

SM Higgs has instability at high field value

similar ideas in

➡ above all the thresholds potential is parity symmetric
<latexit sha1_base64="6CxeiH/TdV5nSC9quxxneoU0b2o=">AAACFXicbVDLSgMxFM34rPVVdekmWIQWSpkRUTdCUYQuK9gHdErJZDLT0CQzJhmhDP0JN/6KGxeKuBXc+Tem7Sy09cC9HM65l+QeL2ZUadv+tpaWV1bX1nMb+c2t7Z3dwt5+S0WJxKSJIxbJjocUYVSQpqaakU4sCeIeI21veD3x2w9EKhqJOz2KSY+jUNCAYqSN1C9UWqV6+bJVcjVlPoH1snufIH/a4I0bhnBmpHxcgbxfKNpVewq4SJyMFEGGRr/w5foRTjgRGjOkVNexY91LkdQUMzLOu4kiMcJDFJKuoQJxonrp9KoxPDaKD4NImhIaTtXfGyniSo24ZyY50gM1703E/7xuooOLXkpFnGgi8OyhIGFQR3ASEfSpJFizkSEIS2r+CvEASYS1CTJvQnDmT14krZOqc1Z1bk+Ltassjhw4BEegBBxwDmqgDhqgCTB4BM/gFbxZT9aL9W59zEaXrGznAPyB9fkDwhydWw==</latexit>

V (H) = V (H̃) E � m̃,m
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spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

can the new field  and the mirror sector  
generate a minimum before ?

<latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃
<latexit sha1_base64="ZGPW1a0oQAmfI78bruGmQOQkGcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6qwf15pXadx1GEIziGUwjgEmpwC3VoAAEJz/AKb57xXrx372PeWvDymUP4A+/zBzb+kJ8=</latexit>

MPl

[Blinov and Hook, 1605.03178]

spontaneous breaking possible by inspecting the SM Higgs effective potential  

SM Higgs has instability at high field value

similar ideas in

➡ above all the thresholds potential is parity symmetric

➡ effective potential w/ corrections from <latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃
<latexit sha1_base64="1N9KVATeHKK8nsvKNCy1oOce51A="></latexit>

Ve↵(h) =
�e↵(h)

4
h4, 4�e↵(h) + �0

e↵(h)h = 0

<latexit sha1_base64="6CxeiH/TdV5nSC9quxxneoU0b2o=">AAACFXicbVDLSgMxFM34rPVVdekmWIQWSpkRUTdCUYQuK9gHdErJZDLT0CQzJhmhDP0JN/6KGxeKuBXc+Tem7Sy09cC9HM65l+QeL2ZUadv+tpaWV1bX1nMb+c2t7Z3dwt5+S0WJxKSJIxbJjocUYVSQpqaakU4sCeIeI21veD3x2w9EKhqJOz2KSY+jUNCAYqSN1C9UWqV6+bJVcjVlPoH1snufIH/a4I0bhnBmpHxcgbxfKNpVewq4SJyMFEGGRr/w5foRTjgRGjOkVNexY91LkdQUMzLOu4kiMcJDFJKuoQJxonrp9KoxPDaKD4NImhIaTtXfGyniSo24ZyY50gM1703E/7xuooOLXkpFnGgi8OyhIGFQR3ASEfSpJFizkSEIS2r+CvEASYS1CTJvQnDmT14krZOqc1Z1bk+Ltassjhw4BEegBBxwDmqgDhqgCTB4BM/gFbxZT9aL9W59zEaXrGznAPyB9fkDwhydWw==</latexit>

V (H) = V (H̃) E � m̃,m

10/22

https://arxiv.org/abs/1605.03178


spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P

can the new field  and the mirror sector  
generate a minimum before ?

<latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃
<latexit sha1_base64="ZGPW1a0oQAmfI78bruGmQOQkGcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6qwf15pXadx1GEIziGUwjgEmpwC3VoAAEJz/AKb57xXrx372PeWvDymUP4A+/zBzb+kJ8=</latexit>

MPl

[Blinov and Hook, 1605.03178]

spontaneous breaking possible by inspecting the SM Higgs effective potential  

SM Higgs has instability at high field value

similar ideas in

➡ above all the thresholds potential is parity symmetric

➡ effective potential w/ corrections from <latexit sha1_base64="QMXeQJ3SopvB3utKwNuXfczHLrk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bVePCQ==</latexit>

⌃

➡ look for new minimum before , consistent with low energy boundary conditions
<latexit sha1_base64="ZGPW1a0oQAmfI78bruGmQOQkGcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy9CBPPAZAmzk9lkyDyWmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN1O/9US1YUo+2HFCQ4EHksWMYOukx7te1tUC1fmkV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2eziCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN30d9pimxfOwIJpq5WxEZYo2JdSGVXAjB4svLpHlWDS6qwf15pXadx1GEIziGUwjgEmpwC3VoAAEJz/AKb57xXrx372PeWvDymUP4A+/zBzb+kJ8=</latexit>

MPl

<latexit sha1_base64="1N9KVATeHKK8nsvKNCy1oOce51A="></latexit>

Ve↵(h) =
�e↵(h)

4
h4, 4�e↵(h) + �0

e↵(h)h = 0

<latexit sha1_base64="6CxeiH/TdV5nSC9quxxneoU0b2o=">AAACFXicbVDLSgMxFM34rPVVdekmWIQWSpkRUTdCUYQuK9gHdErJZDLT0CQzJhmhDP0JN/6KGxeKuBXc+Tem7Sy09cC9HM65l+QeL2ZUadv+tpaWV1bX1nMb+c2t7Z3dwt5+S0WJxKSJIxbJjocUYVSQpqaakU4sCeIeI21veD3x2w9EKhqJOz2KSY+jUNCAYqSN1C9UWqV6+bJVcjVlPoH1snufIH/a4I0bhnBmpHxcgbxfKNpVewq4SJyMFEGGRr/w5foRTjgRGjOkVNexY91LkdQUMzLOu4kiMcJDFJKuoQJxonrp9KoxPDaKD4NImhIaTtXfGyniSo24ZyY50gM1703E/7xuooOLXkpFnGgi8OyhIGFQR3ASEfSpJFizkSEIS2r+CvEASYS1CTJvQnDmT14krZOqc1Z1bk+Ltassjhw4BEegBBxwDmqgDhqgCTB4BM/gFbxZT9aL9W59zEaXrGznAPyB9fkDwhydWw==</latexit>

V (H) = V (H̃) E � m̃,m
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spontaneous breaking possible by inspecting the SM Higgs effective potential  

<latexit sha1_base64="c3MHb/u6+T74UKoBKeGUPoUFPrw="></latexit>

��g3 =
g33

(4⇡)2
1

2
+

g53
(4⇡)4

11

<latexit sha1_base64="YasUJn0Ren/ZKHPhoDkHXv22mIk="></latexit>

1

g2s(M⌃)
=

1

g23(M⌃)
+

1

g̃23(M⌃)

<latexit sha1_base64="09iWyS2RN3jN0APFbN5B9aUVKsM=">AAACC3icbZC7SgNBFIbPxluMt1VLmyFBiE3YFVEbIWhjGcFcIFmW2dnZZMjshZnZQFjS2/gqNhaK2PoCdr6Nk2QLk/jDwMd/zuHM+b2EM6ks68corK1vbG4Vt0s7u3v7B+bhUUvGqSC0SWIei46HJeUsok3FFKedRFAcepy2veHdtN4eUSFZHD2qcUKdEPcjFjCClbZcs9x3WbWnGPcpGp3d5LRgumbFqlkzoVWwc6hAroZrfvf8mKQhjRThWMqubSXKybBQjHA6KfVSSRNMhrhPuxojHFLpZLNbJuhUOz4KYqFfpNDM/TuR4VDKcejpzhCrgVyuTc3/at1UBddOxqIkVTQi80VBypGK0TQY5DNBieJjDZgIpv+KyAALTJSOr6RDsJdPXoXWec2+rNkPF5X6bR5HEU6gDFWw4QrqcA8NaAKBJ3iBN3g3no1X48P4nLcWjHzmGBZkfP0CJVaZ2A==</latexit>

gi(ṽ) = g̃i(ṽ)

[SM equations from: Buttazzo et al ‘13]

spontaneous breaking of 
<latexit sha1_base64="3GwUO4mgdGlTb2AzMBMBwFtUV58=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFcDTO1Heuu6MZlBfvAdiiZNG1DM5khyQhl6F+4caGIW//GnX9jpi2i1gOBwzn3knNPEHOmtON8Wiura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gfJ35rQcqFYvEnZ7E1A/xULABI1gb6b4bYj0KgrQ+7RWKjn1ZKZ97LnLsqldxvRJybWeGb1KEBeq9wke3H5EkpEITjpXquE6s/RRLzQin03w3UTTGZIyHtGOowCFVfjpLPEWnRumjQSTNExrN1J8bKQ6VmoSBmcwSqr9eJv7ndRI9qPopE3GiqSDzjwYJRzpC2fmozyQlmk8MwUQykxWREZaYaFNS3pSwdPIyaZZs17Pd23KxdrWoIwfHcAJn4MIF1OAG6tAAAgIe4RleLGU9Wa/W23x0xVrsHMEvWO9fD/aRLw==</latexit>P
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higgs potential with two minima before the Planck scale

we found that the parity symmetric scenario allows for a second minimum

<latexit sha1_base64="I2U1nrG1EQyvpOnab15f6/DxAPU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLTpu2u6MZlC/YBbSiT6aQdO5mEmUmhhH6BGxeKuPWT3Pk3TtoKKnrgwuGce7n3Hj9mVCrL+jByG5tb2zv53cLe/sHhUfH4pCOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3qT+d0ZEZJG/E7NY+KFaMxpQDFSWmrNhsWSZVpOve46UJNqxanUMuLWyo4LbdNaogTWaA6L74NRhJOQcIUZkrJvW7HyUiQUxYwsCoNEkhjhKRqTvqYchUR66fLQBbzQyggGkdDFFVyq3ydSFEo5D33dGSI1kb+9TPzL6ycqqHkp5XGiCMerRUHCoIpg9jUcUUGwYnNNEBZU3wrxBAmElc6moEP4+hT+TzpXpu2adqtcalyv48iDM3AOLoENqqABbkETtAEGBDyAJ/Bs3BuPxovxumrNGeuZU/ADxtsnYDONVQ==</latexit>v

<latexit sha1_base64="RZ+jpbXxeHJNacKQf9QnNcTPCeg=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFRLTpu2u6MZlBfuANpTJZNIOTiZxZlIooT/hxoUibv0dd/6Nk7aCih64cDjnXu69x08YlcqyPozC2vrG5lZxu7Szu7d/UD486so4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPv7vK/d6UCEljfqtmCfEiNOY0pBgpLfWHirKAwOmoXLFMy2k2XQdqUq85tUZO3EbVcaFtWgtUwArtUfl9GMQ4jQhXmCEpB7aVKC9DQlHMyLw0TCVJEL5DYzLQlKOISC9b3DuHZ1oJYBgLXVzBhfp9IkORlLPI150RUhP528vFv7xBqsKGl1GepIpwvFwUpgyqGObPw4AKghWbaYKwoPpWiCdIIKx0RCUdwten8H/SvTBt17RvqpXW5SqOIjgBp+Ac2KAOWuAatEEHYMDAA3gCz8a98Wi8GK/L1oKxmjkGP2C8fQJNK5Ap</latexit>

ṽ

the full effective potential of the theory (at two loops) allows for spontaneous breaking
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higgs potential with two minima before the Planck scale

we found that the parity symmetric scenario allows for a second minimum

➡ domain wall problem: symmetry must be broken during inflation

<latexit sha1_base64="I2U1nrG1EQyvpOnab15f6/DxAPU=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLTpu2u6MZlC/YBbSiT6aQdO5mEmUmhhH6BGxeKuPWT3Pk3TtoKKnrgwuGce7n3Hj9mVCrL+jByG5tb2zv53cLe/sHhUfH4pCOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3qT+d0ZEZJG/E7NY+KFaMxpQDFSWmrNhsWSZVpOve46UJNqxanUMuLWyo4LbdNaogTWaA6L74NRhJOQcIUZkrJvW7HyUiQUxYwsCoNEkhjhKRqTvqYchUR66fLQBbzQyggGkdDFFVyq3ydSFEo5D33dGSI1kb+9TPzL6ycqqHkp5XGiCMerRUHCoIpg9jUcUUGwYnNNEBZU3wrxBAmElc6moEP4+hT+TzpXpu2adqtcalyv48iDM3AOLoENqqABbkETtAEGBDyAJ/Bs3BuPxovxumrNGeuZU/ADxtsnYDONVQ==</latexit>v

<latexit sha1_base64="RZ+jpbXxeHJNacKQf9QnNcTPCeg=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFRLTpu2u6MZlBfuANpTJZNIOTiZxZlIooT/hxoUibv0dd/6Nk7aCih64cDjnXu69x08YlcqyPozC2vrG5lZxu7Szu7d/UD486so4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPv7vK/d6UCEljfqtmCfEiNOY0pBgpLfWHirKAwOmoXLFMy2k2XQdqUq85tUZO3EbVcaFtWgtUwArtUfl9GMQ4jQhXmCEpB7aVKC9DQlHMyLw0TCVJEL5DYzLQlKOISC9b3DuHZ1oJYBgLXVzBhfp9IkORlLPI150RUhP528vFv7xBqsKGl1GepIpwvFwUpgyqGObPw4AKghWbaYKwoPpWiCdIIKx0RCUdwten8H/SvTBt17RvqpXW5SqOIjgBp+Ac2KAOWuAatEEHYMDAA3gCz8a98Wi8GK/L1oKxmjkGP2C8fQJNK5Ap</latexit>

ṽ

the full effective potential of the theory (at two loops) allows for spontaneous breaking
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exploiting renormalizable portal couplings —> larger parameter space

spontaneous breaking for SM measured parameters
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cosmology in a symmetric world

any modification to the model potentially spoils the strong CP solution:
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cosmology in a symmetric world

any modification to the model potentially spoils the strong CP solution:

Dark Matter

Neutrinos
➡  need to be discussed within the same symmetry

we find that the DM abundance is 
linked to the cosmology of neutrinos from the mirror world

see also ‘Higgs parity’
[Dunsky, Hall, Harigaya]
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neutrino masses and sterile neutrinos

right handed neutrinos respect the  symmetry
<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

<latexit sha1_base64="piu9RULnZu0crOqRfQpFi1zN61o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVe/+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8ijI20</latexit>

Ni

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM
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neutrino masses and sterile neutrinos

right handed neutrinos respect the  symmetry
<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

<latexit sha1_base64="piu9RULnZu0crOqRfQpFi1zN61o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVe/+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8ijI20</latexit>

Ni

in the limit where the see-saw scale is the largest one:
visible and sterile neutrinos are majorana

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM
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neutrino masses and sterile neutrinos

right handed neutrinos respect the  symmetry
<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

<latexit sha1_base64="piu9RULnZu0crOqRfQpFi1zN61o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVe/+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8ijI20</latexit>

Ni

in the limit where the see-saw scale is the largest one:
visible and sterile neutrinos are majorana

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

<latexit sha1_base64="GvYhfuYP9IPUoUr5/hw5hMDT+H0="></latexit>
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neutrino masses and sterile neutrinos

right handed neutrinos respect the  symmetry
<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

<latexit sha1_base64="piu9RULnZu0crOqRfQpFi1zN61o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVe/+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8ijI20</latexit>

Ni

in the limit where the see-saw scale is the largest one:
visible and sterile neutrinos are majorana

inverted or normal ordering affects the mass spectrum

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

<latexit sha1_base64="GvYhfuYP9IPUoUr5/hw5hMDT+H0="></latexit>
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neutrino masses and sterile neutrinos

right handed neutrinos respect the  symmetry
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in the limit where the see-saw scale is the largest one:
visible and sterile neutrinos are majorana

inverted or normal ordering affects the mass spectrum

<latexit sha1_base64="60zOjC3G/s43n/DFD9Wtben2bHs=">AAACAHicdVA9SwNBEN2LXzF+RS0sbBaDYBXuLjGJXdDGRohoYiAJYW9vkizZ+2B3TwnHNf4VGwtFbP0Zdv4b95IIKvpg4PHeDDPznJAzqUzzw8gsLC4tr2RXc2vrG5tb+e2dlgwiQaFJAx6ItkMkcOZDUzHFoR0KIJ7D4cYZn6X+zS0IyQL/Wk1C6Hlk6LMBo0RpqZ/f694xFxTjLsRdj6iR8OKriyTp5wtm8aRWsY9tbBZNs2qXKimxq2W7hC2tpCigORr9/HvXDWjkga8oJ1J2LDNUvZgIxSiHJNeNJISEjskQOpr6xAPZi6cPJPhQKy4eBEKXr/BU/T4RE0/KiefozvRG+dtLxb+8TqQGtV7M/DBS4NPZokHEsQpwmgZ2mQCq+EQTQgXTt2I6IoJQpTPL6RC+PsX/k5ZdtCpF67JcqJ/O48iifXSAjpCFqqiOzlEDNRFFCXpAT+jZuDcejRfjddaaMeYzu+gHjLdPHNSXZw==</latexit>

gSM
<latexit sha1_base64="rqrLYjuVcbSg7LK7Rhe902oMvqE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohs3QkX7gOlQMmnahmaSIckIZehnuHGhiFu/xp1/Y6atoKIHAodz7iXnnjBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7IZIEUY5aWmqGenGkqAoZKQTTi4zv3NPpKKC3+lpTIIIjTgdUoy0kfxehPRYRunt9axfLDn2eb3qnXnQsR2n5pWrGfFqFa8MXaNkKIElmv3ie28gcBIRrjFDSvmuE+sgRVJTzMis0EsUiRGeoBHxDeUoIipI55Fn8MQoAzgU0jyu4Vz9vpGiSKlpFJrJLKL67WXiX56f6GE9SCmPE004Xnw0TBjUAmb3wwGVBGs2NQRhSU1WiMdIIqxNSwVTwtel8H/S9my3ars3lVLjYllHHhyBY3AKXFADDXAFmqAFMBDgATyBZ0tbj9aL9boYzVnLnUPwA9bbJ+rLka8=</latexit>

SM

<latexit sha1_base64="GvYhfuYP9IPUoUr5/hw5hMDT+H0="></latexit>

m̃i

ṽ2
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cosmology of sterile neutrinos

in the right ballpark, sterile neutrinos at the GeV scale
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dark matter candidates

the mirror sector has several stable states

Baryon number
Lepton number
Electric charge

➡ mirror up quark
➡ mirror electron

we focus on the mirror electron as DM

DM freeze out in a dark sector with a massless mediator

+ massless dark photon
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dark electron + dark photon

[Agrawal, Cyr-Racine, Randall, Scholtz
1610.04611]

interestingly, DM with a massless
dark photon is not excluded

➡  O(100 GeV) and typical coupling allowed
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interestingly, DM with a massless
dark photon is not excluded

➡  O(100 GeV) and typical coupling allowed
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cosmology and neutrino physics

the absence of free parameters besides DM and lightest neutrino mass
gives us sharp predictions for the parameter space
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Outlook 1/2

Dark Matter direct detection

- kinetic mixing of visible and dark photon —> milli-charged DM
- suppressed by four loops and limited running [Dunsky, Hall, Harigaya] 
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- kinetic mixing of visible and dark photon —> milli-charged DM
- suppressed by four loops and limited running [Dunsky, Hall, Harigaya] 

Traces of dark matter with colored constituents

- strong bounds depending on mechanism of acceleration in the galaxy
[Dunsky, Hall, Harigaya] 
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➡ these are not the deepest bound states, 
crucial to compute their abundance
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Outlook 2/2

Massive dark photon

- We explored massive dark photon with P symmetry
- Via breaking 
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Outlook 2/2

Massive dark photon

- We explored massive dark photon with P symmetry
- Via breaking 

in conclusion, some other directions

- completely dark mirror copy (need extra structure)
- generic portals and larger parameter space for spontaneous breaking of P
- leptogenesis (all the ingredients available, connection with neutrino masses)

➡ all mirror particles acquire electric-charge as their copies
➡ only dark matter candidates are sterile neutrinos
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