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<latexit sha1_base64="HLj2vhC3KScgL9CvR1m4TjSskI0="></latexit>
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Add RH neutrinos, singlets under SM gauge group:
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="X22CpBubzMf5/AOO1kAXU8deoHE=">AAACGHicbZBLSwMxFIUzPmt9VV26CRbBhdYZqY+lIKgLFxVsFTq1ZNJbG0xmxuSOWIYB/4Qb/4obF4q4dee/MX0sfF0IfJxzQnJPEEth0HU/nZHRsfGJydxUfnpmdm6+sLBYM1GiOVR5JCN9ETADUoRQRYESLmINTAUSzoPrg55/fgvaiCg8w24MDcWuQtEWnKGVmoVN/8SGW8w3QsEN9dzL1CtndGNA2xn116mPcIdapUdQy5qFolty+0P/gjeEIhlOpVn48FsRTxSEyCUzpu65MTZSplFwCVneTwzEjF+zK6hbDJkC00j7i2V01Sot2o60PSHSvvr9RsqUMV0V2KRi2DG/vZ74n1dPsL3XSEUYJwghHzzUTiTFiPZaoi2hgaPsWmBcC/tXyjtMM462y7wtwfu98l+obZW8nVL5tFzcP7wf1JEjy2SFrBGP7JJ9ckwqpEo4eSBP5IW8Oo/Os/PmvA+iI86wwiXyY5yPL5J3nq4=</latexit>

⇤ ' 1014 � 1015 GeV

<latexit sha1_base64="50aKu1qKzuNMP0HIZCdIiE8WmPw=">AAACCHicbZBLSwMxFIUzPmt9VV26MFgEF1JmpKjLgiAuK9gHdErJpLdtaJIZkjtiGQpu3PhX3LhQxK0/wZ3/xuljoa0HAh/n3JDcE0RSWHTdb2dhcWl5ZTWzll3f2Nzazu3sVm0YGw4VHsrQ1ANmQQoNFRQooR4ZYCqQUAv6l6O8dgfGilDf4iCCpmJdLTqCM0ytVu5AtXwdU1+CtVYo6vkn1Ee4R6MSqA6zrVzeLbhj0XnwppAnU5VbuS+/HfJYgUYumbUNz42wmTCDgksYZv3YQsR4n3WhkaJmCmwzGS8ypEep06ad0KRHIx27v28kTFk7UEE6qRj27Gw2Mv/LGjF2LpqJ0FGMoPnkoU4sKYZ01AptCwMc5SAFxo1I/0p5jxnGMe1uVII3u/I8VE8L3lmheFPMl64eJnVkyD45JMfEI+ekRK5JmVQIJ4/kmbySN+fJeXHenY/J6IIzrXCP/JHz+QPeb5mr</latexit>

m⌫ . 1 eV

<latexit sha1_base64="HLj2vhC3KScgL9CvR1m4TjSskI0="></latexit>
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<latexit sha1_base64="f5wjNBwb3QidxCcMK4rZxvd3PYw="></latexit>
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Add RH neutrinos, singlets under SM gauge group:
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="xVwM9nyD15HkN8OEoLgt0PazUM4="></latexit>

Ltype-I = ` ŶNNRH +
1

2
N

c
RŶNN�NR + h.c.
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="xVwM9nyD15HkN8OEoLgt0PazUM4="></latexit>

Ltype-I = ` ŶNNRH +
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c
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<latexit sha1_base64="ndV7y0sMyXchYYFdtkyJCGSG17s="></latexit>
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="9Ly70cwPAOp4ZNVB5NfiiZruAf8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdMJY5c</latexit>

�
<latexit sha1_base64="mT9aX85YWpvWCVqaNZvc9zaPvmM="></latexit>

m̂⌫ ' v2
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N

<latexit sha1_base64="cvx8FMTcT3dfibjdsxZ7NMzWeDc=">AAACD3icbVDLSgNBEJz1bXxFPXoZDIoHDbsSH0dBUI8KJgayMcxOenVwZneZ6RXDsuAHePFXvHhQxKtXb/6Nk8dBowVNF1XdzHQFiRQGXffLGRkdG5+YnJouzMzOzS8UF5dqJk41hyqPZazrATMgRQRVFCihnmhgKpBwEdwcdv2LW9BGxNE5dhJoKnYViVBwhlZqFdfDFvONUNRzLzOvkm/1+k7ub1If4Q61yo6hlreKJbfs9kD/Em9ASmSA01bx02/HPFUQIZfMmIbnJtjMmEbBJeQFPzWQMH7DrqBhacQUmGbWuyena1Zp0zDWtiKkPfXnRsaUMR0V2EnF8NoMe13xP6+RYrjfzESUpAgR7z8UppJiTLvh0LbQwFF2LGFcC/tXyq+ZZhxthAUbgjd88l9S2y57u+XKWaV0cHTfj2OKrJBVskE8skcOyAk5JVXCyQN5Ii/k1Xl0np03570/OuIMIlwmv+B8fAO3FZun</latexit>

fa ⇠ 1014 � 1015 GeV

Dynamically generate the RH neutrino mass

<latexit sha1_base64="xVwM9nyD15HkN8OEoLgt0PazUM4="></latexit>
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="9Ly70cwPAOp4ZNVB5NfiiZruAf8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdMJY5c</latexit>

�
The Majoron is the angular 
mode associated with the 

breaking of a U(1)B−L

<latexit sha1_base64="mT9aX85YWpvWCVqaNZvc9zaPvmM="></latexit>

m̂⌫ ' v2

2fa
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NN Ŷ T
N

<latexit sha1_base64="cvx8FMTcT3dfibjdsxZ7NMzWeDc=">AAACD3icbVDLSgNBEJz1bXxFPXoZDIoHDbsSH0dBUI8KJgayMcxOenVwZneZ6RXDsuAHePFXvHhQxKtXb/6Nk8dBowVNF1XdzHQFiRQGXffLGRkdG5+YnJouzMzOzS8UF5dqJk41hyqPZazrATMgRQRVFCihnmhgKpBwEdwcdv2LW9BGxNE5dhJoKnYViVBwhlZqFdfDFvONUNRzLzOvkm/1+k7ub1If4Q61yo6hlreKJbfs9kD/Em9ASmSA01bx02/HPFUQIZfMmIbnJtjMmEbBJeQFPzWQMH7DrqBhacQUmGbWuyena1Zp0zDWtiKkPfXnRsaUMR0V2EnF8NoMe13xP6+RYrjfzESUpAgR7z8UppJiTLvh0LbQwFF2LGFcC/tXyq+ZZhxthAUbgjd88l9S2y57u+XKWaV0cHTfj2OKrJBVskE8skcOyAk5JVXCyQN5Ii/k1Xl0np03570/OuIMIlwmv+B8fAO3FZun</latexit>

fa ⇠ 1014 � 1015 GeV

Dynamically generate the RH neutrino mass

<latexit sha1_base64="xVwM9nyD15HkN8OEoLgt0PazUM4="></latexit>

Ltype-I = ` ŶNNRH +
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2
N

c
RŶNN�NR + h.c.

<latexit sha1_base64="ndV7y0sMyXchYYFdtkyJCGSG17s="></latexit>

� =
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<latexit sha1_base64="+LUbu93HvOGHuWxBt1CJr21r19U="></latexit>
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<latexit sha1_base64="7PQIVA7DuRTneh+M1YrYqk91fuk=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIigpcEkiPsbeaSJXt7x+6eEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Hbmt55QaZ7IRzNOMYjpQPKIM2qs5Hdl1rvvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj92Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7HPS5wqZEWNLKFPc3krYkCrKjM2nZEPwll9eJc2LqndZrT3UKvWbPI4inMApnIMHV1CHO2iADww4PMMrvDnSeXHenY9Fa8HJZ47hD5zPH7G7jp8=</latexit>⌫L

<latexit sha1_base64="c2WNwhiepA8Flu3PO1d/I5S6SCw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kPvKAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HrqN5+4NiJSjziOuR/SgRJ9wSha6eG2e98tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2zsuVu0qpepXFkYcjOIZT8OACqnADNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fAKaNoA==</latexit>

NR

<latexit sha1_base64="9Ly70cwPAOp4ZNVB5NfiiZruAf8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDDs/wCm+OdF6cd+dj0Vpyiplj+APn8wdMJY5c</latexit>

�

Natural light Dark Matter candidate

The Majoron is the angular 
mode associated with the 

breaking of a U(1)B−L

<latexit sha1_base64="mT9aX85YWpvWCVqaNZvc9zaPvmM="></latexit>

m̂⌫ ' v2

2fa
ŶN Ŷ �1

NN Ŷ T
N

<latexit sha1_base64="cvx8FMTcT3dfibjdsxZ7NMzWeDc=">AAACD3icbVDLSgNBEJz1bXxFPXoZDIoHDbsSH0dBUI8KJgayMcxOenVwZneZ6RXDsuAHePFXvHhQxKtXb/6Nk8dBowVNF1XdzHQFiRQGXffLGRkdG5+YnJouzMzOzS8UF5dqJk41hyqPZazrATMgRQRVFCihnmhgKpBwEdwcdv2LW9BGxNE5dhJoKnYViVBwhlZqFdfDFvONUNRzLzOvkm/1+k7ub1If4Q61yo6hlreKJbfs9kD/Em9ASmSA01bx02/HPFUQIZfMmIbnJtjMmEbBJeQFPzWQMH7DrqBhacQUmGbWuyena1Zp0zDWtiKkPfXnRsaUMR0V2EnF8NoMe13xP6+RYrjfzESUpAgR7z8UppJiTLvh0LbQwFF2LGFcC/tXyq+ZZhxthAUbgjd88l9S2y57u+XKWaV0cHTfj2OKrJBVskE8skcOyAk5JVXCyQN5Ii/k1Xl0np03570/OuIMIlwmv+B8fAO3FZun</latexit>

fa ⇠ 1014 � 1015 GeV

Dynamically generate the RH neutrino mass

<latexit sha1_base64="xVwM9nyD15HkN8OEoLgt0PazUM4="></latexit>
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RŶNN�NR + h.c.

<latexit sha1_base64="ndV7y0sMyXchYYFdtkyJCGSG17s="></latexit>
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Akita, Niibo, [2304.04430]

<latexit sha1_base64="Fxn+/dIPmkfg6oLVJiBdQniW2Dc=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrulqBex6MVjBfsh7bZk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMRrdTv/lElWaRfDDjmPoCDyQLGcHGSo+ih7vlq+tuuVcouiV3BrRMvIwUIUOtV/jq9COSCCoN4VjrtufGxk+xMoxwOsl3Ek1jTEZ4QNuWSiyo9tPZwRN0apU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/89qJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNKG9D8BZfXiaNcsk7L1XuK8XqTRZHDo7hBM7Agwuowh3UoA4EBDzDK7w5ynlx3p2PeeuKk80cwR84nz+gBo+m</latexit>

m2
a =?2

Cosmological probes Terrestrial Experiments

https://arxiv.org/abs/2305.01692
https://arxiv.org/abs/2304.04430
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Motivation

• In the literature we find different ways of generating a massive Majoron:

• Gravity effects - explicit breaking in the potential:

Akhmedov, Berezhiani,  Mohapatra, Senjanović [hep-ph/9209285]

Alonso, Urbano, [1706.07415]

Babu, Rothstein, Seckel [hep-ph/9301213]

<latexit sha1_base64="7wyDkHSEXjnwhWZKZWWK9V8+rOg="></latexit>

Vgrav. = g2m+n
|�|2m�n

M2m+n�4
Pl

+ h.c.

Explicit breaking  massive Majoron↔

https://arxiv.org/abs/hep-ph/9209285
https://arxiv.org/abs/1706.07415
https://arxiv.org/abs/hep-ph/9301213
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Motivation

• In the literature we find different ways of generating a massive Majoron:

• Gravity effects - explicit breaking in the potential:

• Explicit breaking terms in the fermion sector:
<latexit sha1_base64="CqH9NxCfIU1+/FcgIK9vfVWEXzA="></latexit>
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<latexit sha1_base64="jX5aFMmHIdkoVpVtKKC4ss/q0NU="></latexit>
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<latexit sha1_base64="8rDxMZSjo1L73offJ2GPOe+t0lw="></latexit>
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Frigerio, Hambye, Massó [1107.4564]

Akhmedov, Berezhiani,  Mohapatra, Senjanović [hep-ph/9209285]

Alonso, Urbano, [1706.07415]

Babu, Rothstein, Seckel [hep-ph/9301213]

<latexit sha1_base64="7wyDkHSEXjnwhWZKZWWK9V8+rOg="></latexit>

Vgrav. = g2m+n
|�|2m�n

M2m+n�4
Pl

+ h.c.

Explicit breaking  massive Majoron↔

https://arxiv.org/abs/1107.4564
https://arxiv.org/abs/hep-ph/9209285
https://arxiv.org/abs/1706.07415
https://arxiv.org/abs/hep-ph/9301213
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<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>
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<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>
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<latexit sha1_base64="HTLLqSEMu93RcYCQGO2UPh7sKYw=">AAACC3icbVC7SgNBFJ2N7/iKWtoMBsFCwq4EtRQttLCIYBIhu4bZ2RsdMrO7zNwVwxKwtPFXbCwUsfUH7PwbJ4/C14ELh3POZeaeMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1YZJMc6jzRCb6ImQGpIihjgIlXKQamAolNMPu0cBv3oA2IonPsZdCoNhVLDqCM7RSu7Thn9pwxHwjFPXcy9yr9qm/7SPcolb5MTT67VLZrbhD0L/EG5MyGaPWLn34UcIzBTFyyYxpeW6KQc40Ci6hX/QzAynjXXYFLUtjpsAE+fCWPt20SkQ7ibYTIx2q3zdypozpqdAmFcNr89sbiP95rQw7+0Eu4jRDiPnooU4mKSZ0UAyNhAaOsmcJ41rYv1J+zTTjaOsr2hK83yf/JY2dirdbqZ5VyweHd6M6Zsk62SBbxCN75ICckBqpE07uySN5Ji/Og/PkvDpvo2jBGVe4Rn7Aef8CvSmaqA==</latexit>

⇤ ⇠ 1014 GeV

<latexit sha1_base64="+jXCONHmBp9L6WbfUlvxmnyBt1c="></latexit>
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<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>
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<latexit sha1_base64="HTLLqSEMu93RcYCQGO2UPh7sKYw=">AAACC3icbVC7SgNBFJ2N7/iKWtoMBsFCwq4EtRQttLCIYBIhu4bZ2RsdMrO7zNwVwxKwtPFXbCwUsfUH7PwbJ4/C14ELh3POZeaeMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1YZJMc6jzRCb6ImQGpIihjgIlXKQamAolNMPu0cBv3oA2IonPsZdCoNhVLDqCM7RSu7Thn9pwxHwjFPXcy9yr9qm/7SPcolb5MTT67VLZrbhD0L/EG5MyGaPWLn34UcIzBTFyyYxpeW6KQc40Ci6hX/QzAynjXXYFLUtjpsAE+fCWPt20SkQ7ibYTIx2q3zdypozpqdAmFcNr89sbiP95rQw7+0Eu4jRDiPnooU4mKSZ0UAyNhAaOsmcJ41rYv1J+zTTjaOsr2hK83yf/JY2dirdbqZ5VyweHd6M6Zsk62SBbxCN75ICckBqpE07uySN5Ji/Og/PkvDpvo2jBGVe4Rn7Aef8CvSmaqA==</latexit>

⇤ ⇠ 1014 GeV

<latexit sha1_base64="+jXCONHmBp9L6WbfUlvxmnyBt1c="></latexit>
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<latexit sha1_base64="AR6tdfq+H1FN0kKLZGtxGI3JXo4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJJIUZdFNy6kVGof0IQwmUzboTNJmJkIJQRcuvFX3LhQxK0/4M6/cfpAtPXAwLnn3Mude/yYUaks68tYWl5ZXVvPbeQ3t7Z3ds29/ZaMEoFJE0csEh0fScJoSJqKKkY6sSCI+4y0/eHl2G/fESFpFN6qUUxcjvoh7VGMlJY8s8C9RskpQedazwTIS2u1TNc/ZaOReWbRKlsTwEViz0gRzFD3zE8niHDCSagwQ1J2bStWboqEopiRLO8kksQID1GfdDUNESfSTSe3ZPBIKwHsRUK/UMGJ+nsiRVzKEfd1J0dqIOe9sfif101U79xNaRgnioR4uqiXMKgiOA4GBlQQrNhIE4QF1X+FeIAEwkrHl9ch2PMnL5LWSdk+LVduKsXqxf00jhw4BAVwDGxwBqrgCtRBE2DwAJ7AC3g1Ho1n4814n7YuGbMID8AfGB/fPViaWQ==</latexit>
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<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>
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<latexit sha1_base64="HTLLqSEMu93RcYCQGO2UPh7sKYw=">AAACC3icbVC7SgNBFJ2N7/iKWtoMBsFCwq4EtRQttLCIYBIhu4bZ2RsdMrO7zNwVwxKwtPFXbCwUsfUH7PwbJ4/C14ELh3POZeaeMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1YZJMc6jzRCb6ImQGpIihjgIlXKQamAolNMPu0cBv3oA2IonPsZdCoNhVLDqCM7RSu7Thn9pwxHwjFPXcy9yr9qm/7SPcolb5MTT67VLZrbhD0L/EG5MyGaPWLn34UcIzBTFyyYxpeW6KQc40Ci6hX/QzAynjXXYFLUtjpsAE+fCWPt20SkQ7ibYTIx2q3zdypozpqdAmFcNr89sbiP95rQw7+0Eu4jRDiPnooU4mKSZ0UAyNhAaOsmcJ41rYv1J+zTTjaOsr2hK83yf/JY2dirdbqZ5VyweHd6M6Zsk62SBbxCN75ICckBqpE07uySN5Ji/Og/PkvDpvo2jBGVe4Rn7Aef8CvSmaqA==</latexit>
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<latexit sha1_base64="AR6tdfq+H1FN0kKLZGtxGI3JXo4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJJIUZdFNy6kVGof0IQwmUzboTNJmJkIJQRcuvFX3LhQxK0/4M6/cfpAtPXAwLnn3Mude/yYUaks68tYWl5ZXVvPbeQ3t7Z3ds29/ZaMEoFJE0csEh0fScJoSJqKKkY6sSCI+4y0/eHl2G/fESFpFN6qUUxcjvoh7VGMlJY8s8C9RskpQedazwTIS2u1TNc/ZaOReWbRKlsTwEViz0gRzFD3zE8niHDCSagwQ1J2bStWboqEopiRLO8kksQID1GfdDUNESfSTSe3ZPBIKwHsRUK/UMGJ+nsiRVzKEfd1J0dqIOe9sfif101U79xNaRgnioR4uqiXMKgiOA4GBlQQrNhIE4QF1X+FeIAEwkrHl9ch2PMnL5LWSdk+LVduKsXqxf00jhw4BAVwDGxwBqrgCtRBE2DwAJ7AC3g1Ho1n4814n7YuGbMID8AfGB/fPViaWQ==</latexit>

mS , ⇤NN , ⇤SS

break L

<latexit sha1_base64="LYR+9JYmUVk2X94A0+xkMc99fOY="></latexit>

MLSS
� =

0

BB@

0 mN ✏mS

mT
N 0 ⇤NS

✏mT
S ⇤NS 0

1

CCA

Linear Seesaw

<latexit sha1_base64="yNcduL91keiRtEp6JFMfa8R3Aj4="></latexit>

✏mS ⇠ 10 eV, ⇤NS ⇠ 1TeV

<latexit sha1_base64="x7U/jKqr5YgvV69Zy5xE4zPJn0E="></latexit>

mLSS
⌫ ' �✏

mS mT
N +mN mT

S

⇤NS

<latexit sha1_base64="Mivu4daLLBnxrEFT+f/s+lADaqg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAI6cKSSFE3haIbF0Hqow9oQ5hMJ+3QySTMTIQSKoK/4saFIm79C3f+jdPHQlsPXO7hnHuZucePKRHSsr61zMLi0vJKdjW3tr6xuaVv79RFlHCEayiiEW/6UGBKGK5JIiluxhzD0Ke44fcvRn7jHnNBInYnBzF2Q9hlJCAISiV5+p5jtjGlnlMoO+aVd1MoHznmreqenreK1hjGPLGnJA+mqHr6V7sToSTETCIKhWjZVizdFHJJEMXDXDsROIaoD7u4pSiDIRZuOr5gaBwqpWMEEVfFpDFWf2+kMBRiEPpqMoSyJ2a9kfif10pkcOamhMWJxAxNHgoSasjIGMVhdAjHSNKBIhBxov5qoB7kEEkVWk6FYM+ePE/qx0X7pFi6LuUr54+TOLJgHxwAE9jgFFTAJaiCGkDgATyDV/CmPWkv2rv2MRnNaNMId8EfaJ8/ud+U6Q==</latexit>

L(`L) = L(NR) = �L(SR)
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Neutrino Mass Models 101
<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>

�L =

0

@
⌫L
N c

R
Sc
R

1

A
<latexit sha1_base64="7o4/tUoudyduO5hoJn67tXH2+RM="></latexit>

�L⌫M � 1

2
�L M� �c

L

<latexit sha1_base64="Fm9+I8OkP6gxUyIvBsq00783n00="></latexit>

hHi hHi

⌫L NR SR NR ⌫
c
L

<latexit sha1_base64="sd8y1eOCdXiBvr/fsjTxCZBg0+M="></latexit>

MType-I
� =

0

BB@

0 mN mS

mT
N ⇤NN ⇤NS

mT
S ⇤NS ⇤SS

1

CCA

Type-I Seesaw

<latexit sha1_base64="HTLLqSEMu93RcYCQGO2UPh7sKYw=">AAACC3icbVC7SgNBFJ2N7/iKWtoMBsFCwq4EtRQttLCIYBIhu4bZ2RsdMrO7zNwVwxKwtPFXbCwUsfUH7PwbJ4/C14ELh3POZeaeMJXCoOt+OoWJyanpmdm54vzC4tJyaWW1YZJMc6jzRCb6ImQGpIihjgIlXKQamAolNMPu0cBv3oA2IonPsZdCoNhVLDqCM7RSu7Thn9pwxHwjFPXcy9yr9qm/7SPcolb5MTT67VLZrbhD0L/EG5MyGaPWLn34UcIzBTFyyYxpeW6KQc40Ci6hX/QzAynjXXYFLUtjpsAE+fCWPt20SkQ7ibYTIx2q3zdypozpqdAmFcNr89sbiP95rQw7+0Eu4jRDiPnooU4mKSZ0UAyNhAaOsmcJ41rYv1J+zTTjaOsr2hK83yf/JY2dirdbqZ5VyweHd6M6Zsk62SBbxCN75ICckBqpE07uySN5Ji/Og/PkvDpvo2jBGVe4Rn7Aef8CvSmaqA==</latexit>

⇤ ⇠ 1014 GeV

<latexit sha1_base64="+jXCONHmBp9L6WbfUlvxmnyBt1c="></latexit>

mtype-I
⌫ ' �mi⇤̂

�1
ij mT

j

<latexit sha1_base64="AR6tdfq+H1FN0kKLZGtxGI3JXo4=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJJIUZdFNy6kVGof0IQwmUzboTNJmJkIJQRcuvFX3LhQxK0/4M6/cfpAtPXAwLnn3Mude/yYUaks68tYWl5ZXVvPbeQ3t7Z3ds29/ZaMEoFJE0csEh0fScJoSJqKKkY6sSCI+4y0/eHl2G/fESFpFN6qUUxcjvoh7VGMlJY8s8C9RskpQedazwTIS2u1TNc/ZaOReWbRKlsTwEViz0gRzFD3zE8niHDCSagwQ1J2bStWboqEopiRLO8kksQID1GfdDUNESfSTSe3ZPBIKwHsRUK/UMGJ+nsiRVzKEfd1J0dqIOe9sfif101U79xNaRgnioR4uqiXMKgiOA4GBlQQrNhIE4QF1X+FeIAEwkrHl9ch2PMnL5LWSdk+LVduKsXqxf00jhw4BAVwDGxwBqrgCtRBE2DwAJ7AC3g1Ho1n4814n7YuGbMID8AfGB/fPViaWQ==</latexit>

mS , ⇤NN , ⇤SS

break L

<latexit sha1_base64="Ckyf2fQJ/6e/smRO+Q9GXZKN5ZQ="></latexit>

MISS
� =

0

BB@

0 mN 0

mT
N 0 ⇤NS

0 ⇤NS µ

1

CCA

Inverse Seesaw

<latexit sha1_base64="hs8CAzvXOkLs22FByRU/hSAFCZk="></latexit>

mISS
⌫ ' �µ

mNmT
N

⇤2
NS

<latexit sha1_base64="n4qA771YTCzGU3B1ptfWgykxu08="></latexit>

µ ⇠ 1 keV, ⇤NS ⇠ 1TeV

<latexit sha1_base64="Mivu4daLLBnxrEFT+f/s+lADaqg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAI6cKSSFE3haIbF0Hqow9oQ5hMJ+3QySTMTIQSKoK/4saFIm79C3f+jdPHQlsPXO7hnHuZucePKRHSsr61zMLi0vJKdjW3tr6xuaVv79RFlHCEayiiEW/6UGBKGK5JIiluxhzD0Ke44fcvRn7jHnNBInYnBzF2Q9hlJCAISiV5+p5jtjGlnlMoO+aVd1MoHznmreqenreK1hjGPLGnJA+mqHr6V7sToSTETCIKhWjZVizdFHJJEMXDXDsROIaoD7u4pSiDIRZuOr5gaBwqpWMEEVfFpDFWf2+kMBRiEPpqMoSyJ2a9kfif10pkcOamhMWJxAxNHgoSasjIGMVhdAjHSNKBIhBxov5qoB7kEEkVWk6FYM+ePE/qx0X7pFi6LuUr54+TOLJgHxwAE9jgFFTAJaiCGkDgATyDV/CmPWkv2rv2MRnNaNMId8EfaJ8/ud+U6Q==</latexit>

L(`L) = L(NR) = �L(SR)

<latexit sha1_base64="LYR+9JYmUVk2X94A0+xkMc99fOY="></latexit>

MLSS
� =

0

BB@

0 mN ✏mS

mT
N 0 ⇤NS

✏mT
S ⇤NS 0

1

CCA

Linear Seesaw

<latexit sha1_base64="yNcduL91keiRtEp6JFMfa8R3Aj4="></latexit>

✏mS ⇠ 10 eV, ⇤NS ⇠ 1TeV

<latexit sha1_base64="x7U/jKqr5YgvV69Zy5xE4zPJn0E="></latexit>

mLSS
⌫ ' �✏

mS mT
N +mN mT

S

⇤NS

<latexit sha1_base64="Mivu4daLLBnxrEFT+f/s+lADaqg=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAI6cKSSFE3haIbF0Hqow9oQ5hMJ+3QySTMTIQSKoK/4saFIm79C3f+jdPHQlsPXO7hnHuZucePKRHSsr61zMLi0vJKdjW3tr6xuaVv79RFlHCEayiiEW/6UGBKGK5JIiluxhzD0Ke44fcvRn7jHnNBInYnBzF2Q9hlJCAISiV5+p5jtjGlnlMoO+aVd1MoHznmreqenreK1hjGPLGnJA+mqHr6V7sToSTETCIKhWjZVizdFHJJEMXDXDsROIaoD7u4pSiDIRZuOr5gaBwqpWMEEVfFpDFWf2+kMBRiEPpqMoSyJ2a9kfif10pkcOamhMWJxAxNHgoSasjIGMVhdAjHSNKBIhBxov5qoB7kEEkVWk6FYM+ePE/qx0X7pFi6LuUr54+TOLJgHxwAE9jgFFTAJaiCGkDgATyDV/CmPWkv2rv2MRnNaNMId8EfaJ8/ud+U6Q==</latexit>

L(`L) = L(NR) = �L(SR)
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Neutrino Mass Models 101
<latexit sha1_base64="VDog1LvDqgxcrv9c3KwzqiIrtZ0=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIrsqMFHWjFN24EKmXXqBTh0x62oZmMkOSEcvQt3Hjq7gRVESXvonpBdHWHwIf/zmHnPP7EWdK2/anlZqZnZtfSC9mlpZXVtey6xsVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6ndPB/XqHUjFQnGjexE0AtIWrMUo0cbysscu7TDvHB9h14c2E0kUEC3ZfR+7Ija+6+IL7+qWDuB6BCCaP11eNmfn7aHwNDhjyKGxSl72xW2GNA5AaMqJUnXHjnQjIVIzyqGfcWMFEaFd0oa6QUECUI1keGcf7xiniVuhNE9oPHR/TyQkUKoX+KbT7NdRk7WB+V+tHuvWYSNhIoo1CDr6qBVzrEM8CA03mQSqec8AoZKZXTHtEEmoNtFmTAjO5MnTUNnLO/v5wmUhVzwZx5FGW2gb7SIHHaAiOkMlVEYUPaAn9IrerEfr2Xq3PkatKWs8s4n+yPr6BuZqpWU=</latexit>

�L =

0

@
⌫L
N c

R
Sc
R

1

A
<latexit sha1_base64="7o4/tUoudyduO5hoJn67tXH2+RM="></latexit>

�L⌫M � 1

2
�L M� �c

L

<latexit sha1_base64="+m+KF2OVFlLqBILTicaLII6N/O8="></latexit>

M� =

✓
0 m̂(H)

m̂
T (H) ⇤̂(�)

◆ Remember

Need an explicit breaking to 

generate a Majoron mass

<latexit sha1_base64="HLOulcY5wRjxqGwTWuSDqQH3Ot8="></latexit>

MLSS
� =

0

BB@

0 mN ✏mS

mT
N 0 YNS�

✏mT
S YNS� 0

1

CCA

Linear Seesaw +
<latexit sha1_base64="a073nwncMbIsf5eSjLhq1xhmFTE=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4CpsYa70VvXisYNpCG8pmu2mXbjZhdyOUUPAfePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGmEPqyl5ZXVtfXSRnlza3tnt7K331JJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdjq8Kv31HpWKJuNWTlAYxHgoWMYK1kfxeOmLlfqWKbOTWXM+DyHbdCxfVDfFcD52eQcdGM1TBAs1+5b03SEgWU6EJx0p1HZTqIMdSM8LptNzLFE0xGeMh7RoqcExVkM+OncJjowxglEhTQsOZ+n0ix7FSkzg0nTHWI/XbK8S/vG6mo3qQM5FmmgoyXxRlHOoEFp/DAZOUaD4xBBPJzK2QjLDERJt8ihC+PoX/k5ZrOzXbu/Gqjcv7eRwlcAiOwAlwwDlogGvQBD4ggIEH8ASeLWE9Wi/W67x1yVpEeAB+wHr7BMdzjxc=</latexit>

� Inverse Seesaw +
<latexit sha1_base64="OPtoF3wF+68TgQK91m1YsD9o8IQ="></latexit>

MISS
� =

0

BB@

0 mN 0

mT
N 0 YNS�

0 YNS� ✏YSS�

1

CCA

<latexit sha1_base64="a073nwncMbIsf5eSjLhq1xhmFTE=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4CpsYa70VvXisYNpCG8pmu2mXbjZhdyOUUPAfePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGmEPqyl5ZXVtfXSRnlza3tnt7K331JJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdjq8Kv31HpWKJuNWTlAYxHgoWMYK1kfxeOmLlfqWKbOTWXM+DyHbdCxfVDfFcD52eQcdGM1TBAs1+5b03SEgWU6EJx0p1HZTqIMdSM8LptNzLFE0xGeMh7RoqcExVkM+OncJjowxglEhTQsOZ+n0ix7FSkzg0nTHWI/XbK8S/vG6mo3qQM5FmmgoyXxRlHOoEFp/DAZOUaD4xBBPJzK2QjLDERJt8ihC+PoX/k5ZrOzXbu/Gqjcv7eRwlcAiOwAlwwDlogGvQBD4ggIEH8ASeLWE9Wi/W67x1yVpEeAB+wHr7BMdzjxc=</latexit>

�

<latexit sha1_base64="RHYlt8+/p2c/L94TZzyd+jZQHPI=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FLx4r2g/oLiWbzrah2SQkWaGU/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jMw0hSaVXOpOTAxwJqBpmeXQURpIGnNox6Pbmd9+Am2YFI92rCBKyUCwhFFinRSGoAzjUuC099ArV/yqPwdeJUFOKihHo1f+CvuSZikISzkxphv4ykYToi2jHKalMDOgCB2RAXQdFSQFE03mN0/xmVP6OJHalbB4rv6emJDUmHEau86U2KFZ9mbif143s8l1NGFCZRYEXSxKMo6txLMAcJ9poJaPHSFUM3crpkOiCbUuppILIVh+eZW0LqrBZbV2X6vUb/I4iugEnaJzFKArVEd3qIGaiCKFntErevMy78V79z4WrQUvnzlGf+B9/gDWHpGQ</latexit>✏mS
<latexit sha1_base64="sG3opSF8Njc4d1MU9X0S3jxDa3Y=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCCymJFHVZdOOyUnuRJpTJ9LQdOpnEmUmhhL6EG1/FjQtF3ArufBunaRfa+sPAx3/O4cz5g5gzpR3n21paXlldW89t5De3tnd27b39uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgG15N6YwhSsUjc6VEMfkh6gnUZJdpYbfvUCxMPHhI2xB7EivFI4Pt2Wq2OPU5EjwP24j7zZMZtu+AUnUx4EdwZFNBMlbb95XUimoQgNOVEqZbrxNpPidSMchjnvURBTOiA9KBlUJAQlJ9mV43xsXE6uBtJ84TGmft7IiWhUqMwMJ0h0X01X5uY/9Vaie5e+ikTcaJB0OmibsKxjvAkItxhEqjmIwOESmb+immfSEK1CTJvQnDnT16E+lnRPS+WbkuF8tUsjhw6REfoBLnoApXRDaqgGqLoET2jV/RmPVkv1rv1MW1dsmYzB+iPrM8fNviffQ==</latexit>

µ ⌘ ✏YSSh�i No longer breaking terms!

Type-I Seesaw + 
<latexit sha1_base64="a073nwncMbIsf5eSjLhq1xhmFTE=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4CpsYa70VvXisYNpCG8pmu2mXbjZhdyOUUPAfePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGmEPqyl5ZXVtfXSRnlza3tnt7K331JJJgn1ScIT2QmxopwJ6mumOe2kkuI45LQdjq8Kv31HpWKJuNWTlAYxHgoWMYK1kfxeOmLlfqWKbOTWXM+DyHbdCxfVDfFcD52eQcdGM1TBAs1+5b03SEgWU6EJx0p1HZTqIMdSM8LptNzLFE0xGeMh7RoqcExVkM+OncJjowxglEhTQsOZ+n0ix7FSkzg0nTHWI/XbK8S/vG6mo3qQM5FmmgoyXxRlHOoEFp/DAZOUaD4xBBPJzK2QjLDERJt8ihC+PoX/k5ZrOzXbu/Gqjcv7eRwlcAiOwAlwwDlogGvQBD4ggIEH8ASeLWE9Wi/W67x1yVpEeAB+wHr7BMdzjxc=</latexit>

�
<latexit sha1_base64="7UhItoVusdIKFmSwXxqklhqUk3w="></latexit>

MType-I
� =

0

BB@

0 mN mS

mT
N YNN� YNS�

mT
S YNS� YSS�

1

CCA

<latexit sha1_base64="NsVOFD0ScKeRCfnIlSbhVlcdvwE=">AAACGXicbZDLSsNAFIYnXmu9RV26GSxCu7AkpaibQtGNC5FW7QWaECbTSTt0cmFmIpSQ13Djq7hxoYhLXfk2TtoutPWHgY//nMOZ87sRo0Iaxre2tLyyurae28hvbm3v7Op7+20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScUeXWb3zQLigYXAvxxGxfTQIqEcxkspydKPRLFqEMee6VFN449yWalDBXQYnlscRTsw0qaRZXzSkJUcvGGVjIrgI5gwKYKaGo39a/RDHPgkkZkiInmlE0k4QlxQzkuatWJAI4REakJ7CAPlE2MnkshQeK6cPvZCrF0g4cX9PJMgXYuy7qtNHcijma5n5X60XS+/cTmgQxZIEeLrIixmUIcxign3KCZZsrABhTtVfIR4ilYZUYeZVCOb8yYvQrpTN03K1WS3UL2Zx5MAhOAJFYIIzUAdXoAFaAINH8AxewZv2pL1o79rHtHVJm80cgD/Svn4Ah7edjw==</latexit>

PQ(`L) = PQ(NR) = PQ(SR) = �1

2
PQ(�)
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Majoron Neutrino Mass Models
The list of models: We identify all the possible non-redundant PQ symmetries
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<latexit sha1_base64="AMwW82FXH591Kipn0k+12DdP/rs="></latexit>

M� =

0

@
0 mN 0

mT
N 0 YNS�⇤

0 YNS�⇤ YSS�

1

A ,

<latexit sha1_base64="kO+QLRvObEPpKcrsY/ECsiOAJg0="></latexit>

M� =

0

@
0 mN 0

mT
N YNN� YNS�⇤

0 YNS�⇤ 0

1

A ,

Up to trivial exchanges:
<latexit sha1_base64="9yOCmWW4IuAPt7WnguKwpTjBUT4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYyUxmgckYZmdzCZDZmeWmbtKCCls/BUbC0Vs/Qg7/8bJo9DEAxcO59zLvfeEieAGPO/bySwtr6yuZddzG5tb2zvu7l7NqFRTVqVKKN0IiWGCS1YFDoI1Es1IHApWD/uXY79+z7ThSt7BIGHtmHQljzglYKXAzV8HFdwSSnYFi0Dzbg+I1uoB3waVwC14RW8CvEj8GSmgGcqB+9XqKJrGTAIVxJim7yXQHhINnAo2yrVSwxJC+6TLmpZKEjPTHk6eGOFDq3RwpLQtCXii/p4YktiYQRzazphAz8x7Y/E/r5lCdN4ecpmkwCSdLopSgUHhcSK4wzWjIAaWEKq5vRXTHtGEgs0tZ0Pw519eJLXjon9aPLk5KZQuZnFkUR4doCPkozNUQleojKqIokf0jF7Rm/PkvDjvzse0NePMZvbRHzifP4DImAU=</latexit>

NR  ! SR
<latexit sha1_base64="v7hkIc5XfHH6XbPGBWGyuyQig34=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0Jahm0sYxgHpCNYXYyuztkdmaZuauEkNrGX7GxUMTWL7Dzb5w8Ck08cOFwzr3ce0+QCm7Adb+d3NLyyupafr2wsbm1vVPc3WsYlWnK6lQJpVsBMUxwyerAQbBWqhlJAsGaQf9q7DfvmTZcyVsYpKyTkEjykFMCVuoWD/005r5QMhIsBM2jGIjW6gGP9TufGOgWS27ZnQAvEm9GSmiGWrf45fcUzRImgQpiTNtzU+gMiQZOBRsV/MywlNA+iVjbUkkSZjrDySsjfGyVHg6VtiUBT9TfE0OSGDNIAtuZEIjNvDcW//PaGYQXnSGXaQZM0umiMBMYFB7ngntcMwpiYAmhmttbMY2JJhRsegUbgjf/8iJpnJa9s3LlplKqXs7iyKMDdIROkIfOURVdoxqqI4oe0TN6RW/Ok/PivDsf09acM5vZR3/gfP4AZbmbWg==</latexit>

� ! �⇤
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Majoron Neutrino Mass Models
The list of models: We identify all the possible non-redundant PQ symmetries



15/09/2022
Xavier Ponce Díaz - The Minimal Massive Majoron

<latexit sha1_base64="AMwW82FXH591Kipn0k+12DdP/rs="></latexit>
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<latexit sha1_base64="kO+QLRvObEPpKcrsY/ECsiOAJg0="></latexit>
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Up to trivial exchanges:
<latexit sha1_base64="9yOCmWW4IuAPt7WnguKwpTjBUT4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYyUxmgckYZmdzCZDZmeWmbtKCCls/BUbC0Vs/Qg7/8bJo9DEAxcO59zLvfeEieAGPO/bySwtr6yuZddzG5tb2zvu7l7NqFRTVqVKKN0IiWGCS1YFDoI1Es1IHApWD/uXY79+z7ThSt7BIGHtmHQljzglYKXAzV8HFdwSSnYFi0Dzbg+I1uoB3waVwC14RW8CvEj8GSmgGcqB+9XqKJrGTAIVxJim7yXQHhINnAo2yrVSwxJC+6TLmpZKEjPTHk6eGOFDq3RwpLQtCXii/p4YktiYQRzazphAz8x7Y/E/r5lCdN4ecpmkwCSdLopSgUHhcSK4wzWjIAaWEKq5vRXTHtGEgs0tZ0Pw519eJLXjon9aPLk5KZQuZnFkUR4doCPkozNUQleojKqIokf0jF7Rm/PkvDjvzse0NePMZvbRHzifP4DImAU=</latexit>

NR  ! SR
<latexit sha1_base64="v7hkIc5XfHH6XbPGBWGyuyQig34=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0Jahm0sYxgHpCNYXYyuztkdmaZuauEkNrGX7GxUMTWL7Dzb5w8Ck08cOFwzr3ce0+QCm7Adb+d3NLyyupafr2wsbm1vVPc3WsYlWnK6lQJpVsBMUxwyerAQbBWqhlJAsGaQf9q7DfvmTZcyVsYpKyTkEjykFMCVuoWD/005r5QMhIsBM2jGIjW6gGP9TufGOgWS27ZnQAvEm9GSmiGWrf45fcUzRImgQpiTNtzU+gMiQZOBRsV/MywlNA+iVjbUkkSZjrDySsjfGyVHg6VtiUBT9TfE0OSGDNIAtuZEIjNvDcW//PaGYQXnSGXaQZM0umiMBMYFB7ngntcMwpiYAmhmttbMY2JJhRsegUbgjf/8iJpnJa9s3LlplKqXs7iyKMDdIROkIfOURVdoxqqI4oe0TN6RW/Ok/PivDsf09acM5vZR3/gfP4AZbmbWg==</latexit>

� ! �⇤
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8

Majoron Neutrino Mass Models
The list of models: We identify all the possible non-redundant PQ symmetries

Extra requirements to fix the two scales

Two different scales: 
<latexit sha1_base64="23AkW6DCb/oPHglvJJudSOdm9rs=">AAAB+HicbVC7TsMwFHV4lvJogJHFokJiQFWCKmCsYGFgKBJ9SG0U3ThOa9VxIttBKlG/hIUBhFj5FDb+BrfNAC1HtnR0zj3y9QlSzpR2nG9rZXVtfWOztFXe3tndq9j7B22VZJLQFkl4IrsBKMqZoC3NNKfdVFKIA047wehm6nceqVQsEQ96nFIvhoFgESOgjeTblciHM9w3586EQvDtqlNzZsDLxC1IFRVo+vZXP0xIFlOhCQeleq6Tai8HqRnhdFLuZ4qmQEYwoD1DBcRUefls8Qk+MUqIo0SaKzSeqb8TOcRKjePATMagh2rRm4r/eb1MR1dezkSaaSrI/KEo41gneNoCDpmkRPOxIUAkM7tiMgQJRJuuyqYEd/HLy6R9XnMvavX7erVxXdRRQkfoGJ0iF12iBrpFTdRCBGXoGb2iN+vJerHerY/56IpVZA7RH1ifP/U3kgE=</latexit>

fa, ⇤



15/09/2022
Xavier Ponce Díaz - The Minimal Massive Majoron

<latexit sha1_base64="AMwW82FXH591Kipn0k+12DdP/rs="></latexit>

M� =

0

@
0 mN 0

mT
N 0 YNS�⇤

0 YNS�⇤ YSS�

1

A ,

<latexit sha1_base64="kO+QLRvObEPpKcrsY/ECsiOAJg0="></latexit>
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Up to trivial exchanges:
<latexit sha1_base64="9yOCmWW4IuAPt7WnguKwpTjBUT4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYyUxmgckYZmdzCZDZmeWmbtKCCls/BUbC0Vs/Qg7/8bJo9DEAxcO59zLvfeEieAGPO/bySwtr6yuZddzG5tb2zvu7l7NqFRTVqVKKN0IiWGCS1YFDoI1Es1IHApWD/uXY79+z7ThSt7BIGHtmHQljzglYKXAzV8HFdwSSnYFi0Dzbg+I1uoB3waVwC14RW8CvEj8GSmgGcqB+9XqKJrGTAIVxJim7yXQHhINnAo2yrVSwxJC+6TLmpZKEjPTHk6eGOFDq3RwpLQtCXii/p4YktiYQRzazphAz8x7Y/E/r5lCdN4ecpmkwCSdLopSgUHhcSK4wzWjIAaWEKq5vRXTHtGEgs0tZ0Pw519eJLXjon9aPLk5KZQuZnFkUR4doCPkozNUQleojKqIokf0jF7Rm/PkvDjvzse0NePMZvbRHzifP4DImAU=</latexit>

NR  ! SR
<latexit sha1_base64="v7hkIc5XfHH6XbPGBWGyuyQig34=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0Jahm0sYxgHpCNYXYyuztkdmaZuauEkNrGX7GxUMTWL7Dzb5w8Ck08cOFwzr3ce0+QCm7Adb+d3NLyyupafr2wsbm1vVPc3WsYlWnK6lQJpVsBMUxwyerAQbBWqhlJAsGaQf9q7DfvmTZcyVsYpKyTkEjykFMCVuoWD/005r5QMhIsBM2jGIjW6gGP9TufGOgWS27ZnQAvEm9GSmiGWrf45fcUzRImgQpiTNtzU+gMiQZOBRsV/MywlNA+iVjbUkkSZjrDySsjfGyVHg6VtiUBT9TfE0OSGDNIAtuZEIjNvDcW//PaGYQXnSGXaQZM0umiMBMYFB7ngntcMwpiYAmhmttbMY2JJhRsegUbgjf/8iJpnJa9s3LlplKqXs7iyKMDdIROkIfOURVdoxqqI4oe0TN6RW/Ok/PivDsf09acM5vZR3/gfP4AZbmbWg==</latexit>
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<latexit sha1_base64="AWYeyxBIgFOALwI2z7+L4VUWFk4="></latexit>
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M� =

0

@
0 mN 0

mT
N YNN� ⇤NS

0 ⇤NS YSS�⇤

1

A .

8

Majoron Neutrino Mass Models
The list of models: We identify all the possible non-redundant PQ symmetries

<latexit sha1_base64="4hiimAREf2cw7u5/LiNl4yUS84k="></latexit>

m⌫ ' �µ
mNmT

N

⇤2
NS

⇠ YSS
mNmT

N

Y 2
NSfa

Extra requirements to fix the two scales

Two different scales: 
<latexit sha1_base64="23AkW6DCb/oPHglvJJudSOdm9rs=">AAAB+HicbVC7TsMwFHV4lvJogJHFokJiQFWCKmCsYGFgKBJ9SG0U3ThOa9VxIttBKlG/hIUBhFj5FDb+BrfNAC1HtnR0zj3y9QlSzpR2nG9rZXVtfWOztFXe3tndq9j7B22VZJLQFkl4IrsBKMqZoC3NNKfdVFKIA047wehm6nceqVQsEQ96nFIvhoFgESOgjeTblciHM9w3586EQvDtqlNzZsDLxC1IFRVo+vZXP0xIFlOhCQeleq6Tai8HqRnhdFLuZ4qmQEYwoD1DBcRUefls8Qk+MUqIo0SaKzSeqb8TOcRKjePATMagh2rRm4r/eb1MR1dezkSaaSrI/KEo41gneNoCDpmkRPOxIUAkM7tiMgQJRJuuyqYEd/HLy6R9XnMvavX7erVxXdRRQkfoGJ0iF12iBrpFTdRCBGXoGb2iN+vJerHerY/56IpVZA7RH1ifP/U3kgE=</latexit>

fa, ⇤



15/09/2022
Xavier Ponce Díaz - The Minimal Massive Majoron

<latexit sha1_base64="AMwW82FXH591Kipn0k+12DdP/rs="></latexit>
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<latexit sha1_base64="kO+QLRvObEPpKcrsY/ECsiOAJg0="></latexit>
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A ,

Up to trivial exchanges:
<latexit sha1_base64="9yOCmWW4IuAPt7WnguKwpTjBUT4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYyUxmgckYZmdzCZDZmeWmbtKCCls/BUbC0Vs/Qg7/8bJo9DEAxcO59zLvfeEieAGPO/bySwtr6yuZddzG5tb2zvu7l7NqFRTVqVKKN0IiWGCS1YFDoI1Es1IHApWD/uXY79+z7ThSt7BIGHtmHQljzglYKXAzV8HFdwSSnYFi0Dzbg+I1uoB3waVwC14RW8CvEj8GSmgGcqB+9XqKJrGTAIVxJim7yXQHhINnAo2yrVSwxJC+6TLmpZKEjPTHk6eGOFDq3RwpLQtCXii/p4YktiYQRzazphAz8x7Y/E/r5lCdN4ecpmkwCSdLopSgUHhcSK4wzWjIAaWEKq5vRXTHtGEgs0tZ0Pw519eJLXjon9aPLk5KZQuZnFkUR4doCPkozNUQleojKqIokf0jF7Rm/PkvDjvzse0NePMZvbRHzifP4DImAU=</latexit>

NR  ! SR
<latexit sha1_base64="v7hkIc5XfHH6XbPGBWGyuyQig34=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SBYhV0Jahm0sYxgHpCNYXYyuztkdmaZuauEkNrGX7GxUMTWL7Dzb5w8Ck08cOFwzr3ce0+QCm7Adb+d3NLyyupafr2wsbm1vVPc3WsYlWnK6lQJpVsBMUxwyerAQbBWqhlJAsGaQf9q7DfvmTZcyVsYpKyTkEjykFMCVuoWD/005r5QMhIsBM2jGIjW6gGP9TufGOgWS27ZnQAvEm9GSmiGWrf45fcUzRImgQpiTNtzU+gMiQZOBRsV/MywlNA+iVjbUkkSZjrDySsjfGyVHg6VtiUBT9TfE0OSGDNIAtuZEIjNvDcW//PaGYQXnSGXaQZM0umiMBMYFB7ngntcMwpiYAmhmttbMY2JJhRsegUbgjf/8iJpnJa9s3LlplKqXs7iyKMDdIROkIfOURVdoxqqI4oe0TN6RW/Ok/PivDsf09acM5vZR3/gfP4AZbmbWg==</latexit>

� ! �⇤

<latexit sha1_base64="9jpNcY8oZHz6NKPMtKhpNMd3suM="></latexit>
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<latexit sha1_base64="fd4fbFGqoA1bZvLElkIX8EmFOw0="></latexit>
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<latexit sha1_base64="AWYeyxBIgFOALwI2z7+L4VUWFk4="></latexit>
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Majoron Neutrino Mass Models
The list of models: We identify all the possible non-redundant PQ symmetries

<latexit sha1_base64="4hiimAREf2cw7u5/LiNl4yUS84k="></latexit>

m⌫ ' �µ
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Y 2
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               is a rank-1 matrix, it 
can only produce 1 massive 

light neutrino

<latexit sha1_base64="CTkSW3mEWDoHDUfIX8o1B5IttVo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvXiSCv2Sdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmt5+o0iySDTOJqS/wULKQEWys9CD6d8jWY6NfLLlldw60SryMlCBDvV/86g0ikggqDeFY667nxsZPsTKMcDot9BJNY0zGeEi7lkosqPbT+cFTdGaVAQojZUsaNFd/T6RYaD0Rge0U2Iz0sjcT//O6iQmv/JTJODFUksWiMOHIRGj2PRowRYnhE0swUczeisgIK0yMzahgQ/CWX14lrYuyVy1X7iul2nUWRx5O4BTOwYNLqMEt1KEJBAQ8wyu8Ocp5cd6dj0VrzslmjuEPnM8f/EKP4w==</latexit>

mNmT
N

Extra requirements to fix the two scales

Two different scales: 
<latexit sha1_base64="23AkW6DCb/oPHglvJJudSOdm9rs=">AAAB+HicbVC7TsMwFHV4lvJogJHFokJiQFWCKmCsYGFgKBJ9SG0U3ThOa9VxIttBKlG/hIUBhFj5FDb+BrfNAC1HtnR0zj3y9QlSzpR2nG9rZXVtfWOztFXe3tndq9j7B22VZJLQFkl4IrsBKMqZoC3NNKfdVFKIA047wehm6nceqVQsEQ96nFIvhoFgESOgjeTblciHM9w3586EQvDtqlNzZsDLxC1IFRVo+vZXP0xIFlOhCQeleq6Tai8HqRnhdFLuZ4qmQEYwoD1DBcRUefls8Qk+MUqIo0SaKzSeqb8TOcRKjePATMagh2rRm4r/eb1MR1dezkSaaSrI/KEo41gneNoCDpmkRPOxIUAkM7tiMgQJRJuuyqYEd/HLy6R9XnMvavX7erVxXdRRQkfoGJ0iF12iBrpFTdRCBGXoGb2iN+vJerHerY/56IpVZA7RH1ifP/U3kgE=</latexit>

fa, ⇤



Xavier Ponce Díaz - The Minimal Massive Majoron 9

The Minimal Massive Majoron

<latexit sha1_base64="kO+QLRvObEPpKcrsY/ECsiOAJg0="></latexit>
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<latexit sha1_base64="jG6G/6HBpYHMY20WYCTQAPBDjLQ="></latexit>
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Xavier Ponce Díaz - The Minimal Massive Majoron 9

The Minimal Massive Majoron

<latexit sha1_base64="jG6G/6HBpYHMY20WYCTQAPBDjLQ="></latexit>
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N
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<latexit sha1_base64="OkR+x7aVtKJGVC7lwXaIC+6JwNg="></latexit>
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A
<latexit sha1_base64="sc0QMblLqgbbfdmNlwQa2qi96Vk="></latexit>

�LmmM
✏PQ = ✏`L H̃ YS SR + h.c. ,



Xavier Ponce Díaz - The Minimal Massive Majoron 9

The Minimal Massive Majoron

<latexit sha1_base64="jG6G/6HBpYHMY20WYCTQAPBDjLQ="></latexit>

�LmmM
PQ =`L H̃ YN NR +

YNS

2
�
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N
c
R SR + S

c
R NR

�
+

YNN

2
�N

c
R NR + h.c.

<latexit sha1_base64="OkR+x7aVtKJGVC7lwXaIC+6JwNg="></latexit>

M� =
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@
0 mN ✏mS

mT
N YNN� YNS�⇤

✏mT
S YNS�⇤ 0

1

A
<latexit sha1_base64="sc0QMblLqgbbfdmNlwQa2qi96Vk="></latexit>

�LmmM
✏PQ = ✏`L H̃ YS SR + h.c. ,

Minimality:

<latexit sha1_base64="fje4p9YTV+4WSZkgW9siWS6f95Q="></latexit>

mTL
⌫ = �✏

mS mT
N +mN mT

S

⇤NS
+ ✏2

⇤NN

⇤NS

mS mT
S
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,

Light neutrino masses can be correctly generated
i) Minimal number of fields to account for 

the correct neutrino spectrum
<latexit sha1_base64="2FN7KUUAj+5FJ2H3cOs1kAosDHE=">AAACAXicbZBNS8MwGMdTX+d8q3oRvASHIDhGK0M9Dr14kjndC6ylpFm6haVpSVJhlHnxq3jxoIhXv4U3v43p1oNuPpDw4/9/HpLn78eMSmVZ38bC4tLyymphrbi+sbm1be7stmSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtD68yv/1AhKQRv1ejmLgh6nMaUIyUljxz/8ZrlKFThndeQ98nGTrxgBY9s2RVrEnBebBzKIG86p755fQinISEK8yQlF3bipWbIqEoZmRcdBJJYoSHqE+6GjkKiXTTyQZjeKSVHgwioQ9XcKL+nkhRKOUo9HVniNRAznqZ+J/XTVRw4aaUx4kiHE8fChIGVQSzOGCPCoIVG2lAWFD9V4gHSCCsdGhZCPbsyvPQOq3YZ5XqbbVUu8zjKIADcAiOgQ3OQQ1cgzpoAgwewTN4BW/Gk/FivBsf09YFI5/ZA3/K+PwBtR+T3Q==</latexit>

NR, SR + �



Xavier Ponce Díaz - The Minimal Massive Majoron 9

The Minimal Massive Majoron

<latexit sha1_base64="jG6G/6HBpYHMY20WYCTQAPBDjLQ="></latexit>

�LmmM
PQ =`L H̃ YN NR +

YNS

2
�
⇤ �

N
c
R SR + S

c
R NR

�
+

YNN

2
�N

c
R NR + h.c.

<latexit sha1_base64="OkR+x7aVtKJGVC7lwXaIC+6JwNg="></latexit>

M� =

0

@
0 mN ✏mS

mT
N YNN� YNS�⇤

✏mT
S YNS�⇤ 0

1

A
<latexit sha1_base64="sc0QMblLqgbbfdmNlwQa2qi96Vk="></latexit>

�LmmM
✏PQ = ✏`L H̃ YS SR + h.c. ,

ii) One explicit breaking links neutrino and Majoron mass.

Other breaking-effects are assumed to be subleading

<latexit sha1_base64="yQS70zou8DSdziQGQRwirpJFqFE=">AAACGnicbVA9SwNBEN3z2/gVtbRZDIKFhrsQ1DJoY6lgNJI7w95mLlnc2zt254RwBPwXNv4VGwtF7MTGf+Pmo1Djg4G3782wMy9MpTDoul/O1PTM7Nz8wmJhaXllda24vnFpkkxzqPNEJroRMgNSKKijQAmNVAOLQwlX4e3JwL+6A21Eoi6wl0IQs44SkeAMrdQqej6kRshEUV9Ket0S1Dcitg+IsEk99ybfr/T9PbpHPV+LTheDVrHklt0h6CTxxqRExjhrFT/8dsKzGBRyyYxpem6KQc40Ci6hX/AzAynjt6wDTUsVi8EE+fC0Pt2xSptGibalkA7VnxM5i43pxaHtjBl2zV9vIP7nNTOMjoJcqDRDUHz0UZRJigkd5ETbQgNH2bOEcS3srpR3mWYcbZoFG4L39+RJclkpewfl6nm1VDu+H8WxQLbINtklHjkkNXJKzkidcPJAnsgLeXUenWfnzXkftU454wg3yS84n986m5+C</latexit>

✏ ⌧ Yi ⇠
⇥
10�2 , 1

⇤

Minimality:

<latexit sha1_base64="fje4p9YTV+4WSZkgW9siWS6f95Q="></latexit>

mTL
⌫ = �✏

mS mT
N +mN mT

S

⇤NS
+ ✏2

⇤NN

⇤NS

mS mT
S

⇤NS
,

Light neutrino masses can be correctly generated
i) Minimal number of fields to account for 

the correct neutrino spectrum
<latexit sha1_base64="2FN7KUUAj+5FJ2H3cOs1kAosDHE=">AAACAXicbZBNS8MwGMdTX+d8q3oRvASHIDhGK0M9Dr14kjndC6ylpFm6haVpSVJhlHnxq3jxoIhXv4U3v43p1oNuPpDw4/9/HpLn78eMSmVZ38bC4tLyymphrbi+sbm1be7stmSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtD68yv/1AhKQRv1ejmLgh6nMaUIyUljxz/8ZrlKFThndeQ98nGTrxgBY9s2RVrEnBebBzKIG86p755fQinISEK8yQlF3bipWbIqEoZmRcdBJJYoSHqE+6GjkKiXTTyQZjeKSVHgwioQ9XcKL+nkhRKOUo9HVniNRAznqZ+J/XTVRw4aaUx4kiHE8fChIGVQSzOGCPCoIVG2lAWFD9V4gHSCCsdGhZCPbsyvPQOq3YZ5XqbbVUu8zjKIADcAiOgQ3OQQ1cgzpoAgwewTN4BW/Gk/FivBsf09YFI5/ZA3/K+PwBtR+T3Q==</latexit>

NR, SR + �
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The Minimal Massive Majoron

<latexit sha1_base64="jG6G/6HBpYHMY20WYCTQAPBDjLQ="></latexit>

�LmmM
PQ =`L H̃ YN NR +

YNS

2
�
⇤ �

N
c
R SR + S

c
R NR

�
+

YNN

2
�N

c
R NR + h.c.

<latexit sha1_base64="OkR+x7aVtKJGVC7lwXaIC+6JwNg="></latexit>

M� =

0

@
0 mN ✏mS

mT
N YNN� YNS�⇤

✏mT
S YNS�⇤ 0

1

A
<latexit sha1_base64="sc0QMblLqgbbfdmNlwQa2qi96Vk="></latexit>

�LmmM
✏PQ = ✏`L H̃ YS SR + h.c. ,

ii) One explicit breaking links neutrino and Majoron mass.

Other breaking-effects are assumed to be subleading

<latexit sha1_base64="yQS70zou8DSdziQGQRwirpJFqFE=">AAACGnicbVA9SwNBEN3z2/gVtbRZDIKFhrsQ1DJoY6lgNJI7w95mLlnc2zt254RwBPwXNv4VGwtF7MTGf+Pmo1Djg4G3782wMy9MpTDoul/O1PTM7Nz8wmJhaXllda24vnFpkkxzqPNEJroRMgNSKKijQAmNVAOLQwlX4e3JwL+6A21Eoi6wl0IQs44SkeAMrdQqej6kRshEUV9Ket0S1Dcitg+IsEk99ybfr/T9PbpHPV+LTheDVrHklt0h6CTxxqRExjhrFT/8dsKzGBRyyYxpem6KQc40Ci6hX/AzAynjt6wDTUsVi8EE+fC0Pt2xSptGibalkA7VnxM5i43pxaHtjBl2zV9vIP7nNTOMjoJcqDRDUHz0UZRJigkd5ETbQgNH2bOEcS3srpR3mWYcbZoFG4L39+RJclkpewfl6nm1VDu+H8WxQLbINtklHjkkNXJKzkidcPJAnsgLeXUenWfnzXkftU454wg3yS84n986m5+C</latexit>

✏ ⌧ Yi ⇠
⇥
10�2 , 1

⇤

Minimality:

<latexit sha1_base64="fje4p9YTV+4WSZkgW9siWS6f95Q="></latexit>

mTL
⌫ = �✏

mS mT
N +mN mT

S

⇤NS
+ ✏2

⇤NN

⇤NS

mS mT
S

⇤NS
,

Light neutrino masses can be correctly generated
i) Minimal number of fields to account for 

the correct neutrino spectrum
<latexit sha1_base64="2FN7KUUAj+5FJ2H3cOs1kAosDHE=">AAACAXicbZBNS8MwGMdTX+d8q3oRvASHIDhGK0M9Dr14kjndC6ylpFm6haVpSVJhlHnxq3jxoIhXv4U3v43p1oNuPpDw4/9/HpLn78eMSmVZ38bC4tLyymphrbi+sbm1be7stmSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtD68yv/1AhKQRv1ejmLgh6nMaUIyUljxz/8ZrlKFThndeQ98nGTrxgBY9s2RVrEnBebBzKIG86p755fQinISEK8yQlF3bipWbIqEoZmRcdBJJYoSHqE+6GjkKiXTTyQZjeKSVHgwioQ9XcKL+nkhRKOUo9HVniNRAznqZ+J/XTVRw4aaUx4kiHE8fChIGVQSzOGCPCoIVG2lAWFD9V4gHSCCsdGhZCPbsyvPQOq3YZ5XqbbVUu8zjKIADcAiOgQ3OQQ1cgzpoAgwewTN4BW/Gk/FivBsf09YFI5/ZA3/K+PwBtR+T3Q==</latexit>

NR, SR + �

iii) Only one scale 
<latexit sha1_base64="DEZte7cppnnoCg+qCTpvKGBzBYo=">AAACDnicbVDLSgMxFM3UV62vqks3wVJwVWakqBuh6MaFiwr2AZ1S7mQybWiSGZKMUIZ+gRt/xY0LRdy6duffmD4W2nogcHLOuST3BAln2rjut5NbWV1b38hvFra2d3b3ivsHTR2nitAGiXms2gFoypmkDcMMp+1EURABp61geD3xWw9UaRbLezNKaFdAX7KIETBW6hXL/q0Nh+BrJnDUA3zpc5B9TrGfDBj21fTSK5bcijsFXibenJTQHPVe8csPY5IKKg3hoHXHcxPTzUAZRjgdF/xU0wTIEPq0Y6kEQXU3m64zxmWrhDiKlT3S4Kn6eyIDofVIBDYpwAz0ojcR//M6qYkuuhmTSWqoJLOHopRjE+NJNzhkihLDR5YAUcz+FZMBKCDGNliwJXiLKy+T5mnFO6tU76ql2tW8jjw6QsfoBHnoHNXQDaqjBiLoET2jV/TmPDkvzrvzMYvmnPnMIfoD5/MHIcGbjA==</latexit>

⇤ ⇠ fa = h�i
<latexit sha1_base64="6BqUYyd8bCD7KkYMy0rZrRprtQY="></latexit>

⇤NN ⌘ fap
2
YNN , ⇤NS ⌘ fap

2
YNS
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Radiative Neutrino Masses
López-Pavón, Pascoli, Wong [1209.5342]

<latexit sha1_base64="ABYwaCWTWINj28M3oAf60J/zQE8="></latexit>

⌫L Ni

h

⌫cL ⌫L ⌫L Ni ⌫cL

Z

⌫cL

<latexit sha1_base64="ktbdN9Go90dKRDhc9hHw61cYKJA="></latexit>

MN,S =
⇤NS

2

2

4
s

4 +

✓
⇤NN

⇤NS

◆2

⌥
✓
⇤NN

⇤NS

◆3

5

Two massive RH neutrinos

https://arxiv.org/abs/1209.5342
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Need to tame the loop contribution!

10

Radiative Neutrino Masses

<latexit sha1_base64="fdxj00VscLaqMwMWZAZtEo/dTaE="></latexit>

mTL
⌫

= �✏
mS mT

N
+mN mT

S

⇤NS

+ ✏2
⇤NN

⇤NS

mS mT

S

⇤NS

+ 2
mN mT

N

(4⇡v)2
M2

H
+ 3M2

Z

MN +MS

log

✓
MS

MN

◆
1-loop contribution

López-Pavón, Pascoli, Wong [1209.5342]
<latexit sha1_base64="ABYwaCWTWINj28M3oAf60J/zQE8="></latexit>

⌫L Ni

h

⌫cL ⌫L ⌫L Ni ⌫cL

Z

⌫cL

<latexit sha1_base64="ktbdN9Go90dKRDhc9hHw61cYKJA="></latexit>

MN,S =
⇤NS

2

2

4
s

4 +

✓
⇤NN

⇤NS

◆2

⌥
✓
⇤NN

⇤NS

◆3

5

Two massive RH neutrinos

https://arxiv.org/abs/1209.5342


Xavier Ponce Díaz - The Minimal Massive Majoron

Need to tame the loop contribution!

10°2 10°1 100
min(|Yi|)

10°2 10°1 100
|YNN |

10°2 10°1 100
|YN |

NO

10

Radiative Neutrino Masses

<latexit sha1_base64="fdxj00VscLaqMwMWZAZtEo/dTaE="></latexit>

mTL
⌫

= �✏
mS mT

N
+mN mT

S

⇤NS

+ ✏2
⇤NN

⇤NS

mS mT

S

⇤NS

+ 2
mN mT

N

(4⇡v)2
M2

H
+ 3M2

Z

MN +MS

log

✓
MS

MN

◆
1-loop contribution

López-Pavón, Pascoli, Wong [1209.5342]
<latexit sha1_base64="ABYwaCWTWINj28M3oAf60J/zQE8="></latexit>

⌫L Ni

h

⌫cL ⌫L ⌫L Ni ⌫cL

Z

⌫cL

<latexit sha1_base64="ktbdN9Go90dKRDhc9hHw61cYKJA="></latexit>

MN,S =
⇤NS

2

2

4
s

4 +

✓
⇤NN

⇤NS

◆2

⌥
✓
⇤NN

⇤NS

◆3

5

Two massive RH neutrinos

https://arxiv.org/abs/1209.5342
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
<latexit sha1_base64="jRrZTSj/oaXpxgQOg9uf/ajL938="></latexit>

VCW = �1

2
⇥ 1

16⇡2
Tr

"
�
M�M†

�

�2
 
log

 
M�M†

�

µ2
R

!
� 3

2

!#
<latexit sha1_base64="RXG9ZtXBBo5hy8YDKKxKZikBKPM="></latexit>

with M� = M�(�, H)
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
<latexit sha1_base64="jRrZTSj/oaXpxgQOg9uf/ajL938="></latexit>

VCW = �1

2
⇥ 1

16⇡2
Tr

"
�
M�M†

�

�2
 
log

 
M�M†

�

µ2
R

!
� 3

2

!#
<latexit sha1_base64="RXG9ZtXBBo5hy8YDKKxKZikBKPM="></latexit>

with M� = M�(�, H)

<latexit sha1_base64="KX1K7wvZ+RcdILWCphYkHamlHzg="></latexit>

#⌘ ⌘ arg(Y †
NYS)

<latexit sha1_base64="KTvl1m5xR5sCCI6blAbkhUg1m4I="></latexit>

VCW =� ✏
YNS YNN |YN · YS | v2 f2

a

16⇡2
cos

✓
#⌘ +

2a

fa

◆
⇥

⇥
"

(Y 2
NN + 2Y 2

NS)

YNN

p
Y 2
NN + 4Y 2

NS

Arcoth

 
(Y 2

NN + 2Y 2
NS)

YNN

p
Y 2
NN + 4Y 2

NS

!
+

✓
log

✓
Y 2
NSf

2
a

2µ2
R

◆
� 1

◆#
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<latexit sha1_base64="IeK6NZ6bhfCnN9a8l2+rrjjaGUU="></latexit>

m2
a =

|✏mS ·mN |
⇡2

p
MNMS

MN +MS

"�
M2

S +M2
N

�

f2
a

log

✓
MS

MN

◆
+

(M2
S �M2

N )

f2
a

✓
log

✓
MNMS

µ2
R

◆
� 1

◆#

<latexit sha1_base64="i/I2DA9Ua8o6Sud0reIaco152s4=">AAACFnicbVBLSwMxGMzWV62vVY9egkXwYtktRT0WvXisYB/Q3ZZsmm1Dk+ySZAtl6a/w4l/x4kERr+LNf2O23YO2DoQMM/ORfBPEjCrtON9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB+PbzG9PiFQ0Eg96GhOfo6GgIcVIG6lvX/A+6lU9RTn0SKwoi4QXSoTTSa86S72Ymgt6jMEwy/XtslNx5oCrxM1JGeRo9O0vbxDhhBOhMUNKdV0n1n6KpKaYkVnJSxSJER6jIekaKhAnyk/na83gmVEGMIykOULDufp7IkVcqSkPTJIjPVLLXib+53UTHV77KRVxoonAi4fChEEdwawjOKCSYM2mhiAsqfkrxCNkWtGmyZIpwV1eeZW0qhX3slK7r5XrN3kdRXACTsE5cMEVqIM70ABNgMEjeAav4M16sl6sd+tjES1Y+cwx+APr8wfZkp8r</latexit>

m2
a ⇠ ✏

v2

⇡2
⌧ f2

a
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
<latexit sha1_base64="jRrZTSj/oaXpxgQOg9uf/ajL938="></latexit>
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�
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�
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!
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2

!#
<latexit sha1_base64="RXG9ZtXBBo5hy8YDKKxKZikBKPM="></latexit>

with M� = M�(�, H)

<latexit sha1_base64="KX1K7wvZ+RcdILWCphYkHamlHzg="></latexit>

#⌘ ⌘ arg(Y †
NYS)

<latexit sha1_base64="KTvl1m5xR5sCCI6blAbkhUg1m4I="></latexit>
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YNS YNN |YN · YS | v2 f2

a
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✓
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⇥

⇥
"
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p
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!
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✓
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✓
Y 2
NSf

2
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2µ2
R

◆
� 1

◆#
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The Minimal Massive Majoron

108 109 1010 1011

MS [GeV]

101

102

103

104

m
a
[k

eV
]

108 109 1010 1011

MS [GeV]

108 109 1010 1011

fa [GeV]

10°2 10°1 100

min(|Yi|)

<latexit sha1_base64="TEk39EOfzYomgX5mZxzJ/gpyptc="></latexit>

|⌘| ⌘ 1�
p
r

1 +
p
r
, for the NO

<latexit sha1_base64="9+tElZ9UQ5vaYKYSLNedpVy6wG0=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RiiB48RjArZGGYnvcngzO460xsMm/yPF3/Fgx584NX/cPI4qLGgoajqprsrSKQw6Lrvzszs3PzCYm4pv7yyurZe2Ni8NHGqOdR4LGN9HTADUkRQQ4ESrhMNTAUSroLbk6F/1QVtRBxdYC+BhmLtSISCM7RSs1DRPtylokv9VqgZz/r+KUhkVDV9hHvMTCxLg5v9/mDKYajGTrNQdEvuCHSaeBNSJBNUm4VnvxXzVEGEXDJj6p6bYCNjGgWXMMj7qYGE8VvWhrqlEVNgGtno1wHdtUqLhrG2FSEdqT8nMqaM6anAdiqGHfPXG4r/efUUw+NGJqIkRYj4eFGYSooxHQZHW0IDR9mzhHEt7K2Ud5jNDG28eRuC9/flaXK5X/IOSwfnB8VyZRJHjmyTHbJHPHJEyuSMVEmNcPJAnsgreXMenRfnw/kct844k5kt8gvO1zfFu6k+</latexit>

r ⌘ |�m2
sol.|

|�m2
atm.|

Gavela, Hambie, Hernández, Hernández [0906.2461]

<latexit sha1_base64="ruBAb/6PCmdFmcmg8u6IGMecptQ="></latexit>

m2
a '

p
|⌘||�m2

32|
2⇡2

MNMS

MN +MS

"�
M2

S +M2
N

�

f2
a

log

✓
MS

MN

◆
+

(M2
S �M2

N )

f2
a

✓
log

✓
MNMS

µ2
R

◆
� 1

◆#

https://arxiv.org/abs/0906.1461
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The Minimal Massive Majoron
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<latexit sha1_base64="TEk39EOfzYomgX5mZxzJ/gpyptc="></latexit>

|⌘| ⌘ 1�
p
r

1 +
p
r
, for the NO

<latexit sha1_base64="9+tElZ9UQ5vaYKYSLNedpVy6wG0=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RiiB48RjArZGGYnvcngzO460xsMm/yPF3/Fgx584NX/cPI4qLGgoajqprsrSKQw6Lrvzszs3PzCYm4pv7yyurZe2Ni8NHGqOdR4LGN9HTADUkRQQ4ESrhMNTAUSroLbk6F/1QVtRBxdYC+BhmLtSISCM7RSs1DRPtylokv9VqgZz/r+KUhkVDV9hHvMTCxLg5v9/mDKYajGTrNQdEvuCHSaeBNSJBNUm4VnvxXzVEGEXDJj6p6bYCNjGgWXMMj7qYGE8VvWhrqlEVNgGtno1wHdtUqLhrG2FSEdqT8nMqaM6anAdiqGHfPXG4r/efUUw+NGJqIkRYj4eFGYSooxHQZHW0IDR9mzhHEt7K2Ud5jNDG28eRuC9/flaXK5X/IOSwfnB8VyZRJHjmyTHbJHPHJEyuSMVEmNcPJAnsgreXMenRfnw/kct844k5kt8gvO1zfFu6k+</latexit>

r ⌘ |�m2
sol.|
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atm.|

Gavela, Hambie, Hernández, Hernández [0906.2461]

<latexit sha1_base64="ruBAb/6PCmdFmcmg8u6IGMecptQ="></latexit>
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The Minimal Massive Majoron can be found 

<latexit sha1_base64="pW8jxlT6ip8k+bhdS1p8egRMdyo="></latexit>

ma ⇠ [1 keV, 10MeV]

<latexit sha1_base64="ZRzFZMvW/iuAJBg7g2JAx6W+rgo="></latexit>

fa ⇠
⇥
108 , 1011

⇤
GeV

https://arxiv.org/abs/0906.1461
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Phenomenology of the Majoron
<latexit sha1_base64="buR56+S0aNePcZNzHiLyRip1Cuc="></latexit>

La⌫⌫ ' � i a

2fa
⌫L m⌫ �5 ⌫

c
L

<latexit sha1_base64="JEeVVo54nP1ibxN3MfT9X0VqYzI="></latexit>

a

NR SR

NR SR ⌫cL

⌫L
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Phenomenology of the Majoron
<latexit sha1_base64="buR56+S0aNePcZNzHiLyRip1Cuc="></latexit>

La⌫⌫ ' � i a

2fa
⌫L m⌫ �5 ⌫

c
L
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<latexit sha1_base64="vvomEv06W0DwJ+xRTisT+znsMoE="></latexit>

K ⌘ m̂m̂†

v2
=

mNm†
N + ✏2mSm

†
S

v2

Langhoff, Outmezguine, Rodd [2209.06216]

https://arxiv.org/abs/1909.02029
https://arxiv.org/abs/2209.06216


15/09/2022
Xavier Ponce Díaz - The Minimal Massive Majoron

108 109 1010 1011

fa [GeV]

10°2 10°1 100

min(|Yi|)

14

Phenomenology of the Majoron

<latexit sha1_base64="2kLCic6a5pDeLjpnruFZHIxEYPM=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMegF48JmAckS5id9CZDZmaXmVlhXQKCR6/6Ed7Eq1/iN/gTTh4Hk1jQUFR1090VxJxp47rfzsrq2vrGZm4rv72zu7dfODhs6ChRFOo04pFqBUQDZxLqhhkOrVgBEQGHZjC8HfvNB1CaRfLepDH4gvQlCxklxko10i0U3ZI7AV4m3owU0QzVbuGn04toIkAayonWbc+NjZ8RZRjlMMp3Eg0xoUPSh7alkgjQfjY5dIRPrdLDYaRsSYMn6t+JjAitUxHYTkHMQC96Y/E/r52Y8NrPmIwTA5JOF4UJxybC469xjymghqeWEKqYvRXTAVGEGpvN3BbDho/nIaRSEDmy6XiLWSyTxkXJuyyVa+Vi5eZpmlMOHaMTdIY8dIUq6A5VUR1RBOgFvaI359l5dz6cz2nrijPL9gjNwfn6Bc7rmE4=</latexit>a <latexit sha1_base64="2kLCic6a5pDeLjpnruFZHIxEYPM=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBC8GHYlqMegF48JmAckS5id9CZDZmaXmVlhXQKCR6/6Ed7Eq1/iN/gTTh4Hk1jQUFR1090VxJxp47rfzsrq2vrGZm4rv72zu7dfODhs6ChRFOo04pFqBUQDZxLqhhkOrVgBEQGHZjC8HfvNB1CaRfLepDH4gvQlCxklxko10i0U3ZI7AV4m3owU0QzVbuGn04toIkAayonWbc+NjZ8RZRjlMMp3Eg0xoUPSh7alkgjQfjY5dIRPrdLDYaRsSYMn6t+JjAitUxHYTkHMQC96Y/E/r52Y8NrPmIwTA5JOF4UJxybC469xjymghqeWEKqYvRXTAVGEGpvN3BbDho/nIaRSEDmy6XiLWSyTxkXJuyyVa+Vi5eZpmlMOHaMTdIY8dIUq6A5VUR1RBOgFvaI359l5dz6cz2nrijPL9gjNwfn6Bc7rmE4=</latexit>a

Heeck, Patel [1909.02029]

<latexit sha1_base64="T2XCYYGAuLF4/OUcR7zxtVq7b6M="></latexit>

Laee ' i
me

16⇡2fa
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Conclusions

• We investigate all possible textures of non-redundant models


• Imposing a set of minimal conditions we are able to link together the masses of the 
Majoron and light neutrinos.


• Obtaining a prediction for the parameter space!


• This model can be tested via Cosmology + neutrino detectors, if this particle is Dark 
Matter!

Thanks for your attention!
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Light Neutrino Masses
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Majoron Mass: Loop Computation
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Perform the field redefinition:
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Problem reduced to only two loops!

After diagonalization
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