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Flavored color scalars for 
neutrino masses
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Neutrino oscillations 

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→the only laboratory evidence of physics 
beyond the Standard Model

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→evidence that neutrinos have masses

<latexit sha1_base64="x+RPAnFZeOiYwFg7CCQZW5lJHjI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudR1SaJ/LBTFMMYjqSPOKMGiv5fZkNcFCtuXV3AfKXeAWpQYHWoPrZHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx7IycWWVIokTZkoYs1J8TOY21nsah7YypGetVby7+5/UyE10HOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsv/yXti7rXqDfuL2vNmyKOMpzAKZyDB1fQhDtogQ8MODzBC7w60nl23pz3ZWvJKWaO4Recj2/YQ466</latexit>ωe
<latexit sha1_base64="xrkFDVLxiCArF2M5MYEpycH+Mb8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdklzA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHjRY0FFXddHfFGWfa+P6XV1pb39jcKm9Xdnb39g+qh0cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/Hkdu53H6nSLJUPZprRSOCRZAkj2DipG0o7CIUdVGt+3V8A/SVBQWpQoDWofobDlFhBpSEca90P/MxEOVaGEU5nldBqmmEywSPad1RiQXWUL86doTOnDFGSKlfSoIX6cyLHQuupiF2nwGasV725+J/Xtya5jnImM2uoJMtFieXIpGj+OxoyRYnhU0cwUczdisgYK0yMS6jiQghWX/5LOhf1oFFv3F/WmjdFHGU4gVM4hwCuoAl30II2EJjAE7zAq5d5z96b975sLXnFzDH8gvfxDW+Aj6c=</latexit>ωµ

<latexit sha1_base64="7w6jB6dsQF9yQsV1fi1Bcs7l7ko=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaUDbbTbt0s4m7s0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZelAmu0fO+ncLa+sbmVnG7tLO7t39QPjxq6dQoypo0FanqREQzwSVrIkfBOpliJIkEa0ej25nffmJK81Q+4DhjYUIGksecErRSJ5CmFyAxvXLFq3pzuKvEz0kFcjR65a+gn1KTMIlUEK27vpdhOCEKORVsWgqMZhmhIzJgXUslSZgOJ/N7p+6ZVfpunCpbEt25+ntiQhKtx0lkOxOCQ73szcT/vK7B+DqccJkZZJIuFsVGuJi6s+fdPleMohhbQqji9laXDokiFG1EJRuCv/zyKmldVP1atXZ/Wanf5HEU4QRO4Rx8uII63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w809ZAZ</latexit>ωω

Unresolved puzzles: 
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→absolute mass scale?

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→mass ordering (NO or IO)?

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Majorana or Dirac?

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Leptonic CP violation?

Super Kamiokande 
experiment

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→is lepton number conserved?
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Two possibilities for the neutrino mass term:

Like other SM fermions

1.   Dirac term 

Needs new states , i.e. right-handed 
neutrinos

νR

<latexit sha1_base64="nahDTixZcrgGKQ+dR553MiHEX1M="></latexit>

Le! → mω ωL ωR ?
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Two possibilities for the neutrino mass term:

Like other SM fermions

1.   Dirac term 

Needs new states , i.e. right-handed 
neutrinos

νR

2.   Majorana term   
<latexit sha1_base64="gR2D6iDWhGZYrspXiZkzKMFLPtA="></latexit>

Le! → mω ωCL ωL

Unique possibility for neutrinos since they 
are the only known neutral fermions

<latexit sha1_base64="nahDTixZcrgGKQ+dR553MiHEX1M="></latexit>

Le! → mω ωL ωR ?

Using only the SM spectrum
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Two possibilities for the neutrino mass term:

Like other SM fermions

1.   Dirac term 

Needs new states , i.e. right-handed 
neutrinos

νR

2.   Majorana term   
<latexit sha1_base64="gR2D6iDWhGZYrspXiZkzKMFLPtA="></latexit>

Le! → mω ωCL ωL

Unique possibility for neutrinos since they 
are the only known neutral fermions

Emerges from the effective Weinberg operator

<latexit sha1_base64="jccuXPFgRD2HVvRg+es7oRReBb0="></latexit>

Ld=5 =
cij

2!
H

T
iω

2
εωH · ϑCi iω

2
εωϑj

<latexit sha1_base64="nahDTixZcrgGKQ+dR553MiHEX1M="></latexit>

Le! → mω ωL ωR ?

Using only the SM spectrum

<latexit sha1_base64="UYg35aRe2Hh4l7S7kH7BFnBJqIg=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiTiayMU3bisYB/QhjKZTtppJ5M4MymUkO9w40IRt36MO//GSZuFth643MM59zJ3jhdxprRtf1uFldW19Y3iZmlre2d3r7x/0FRhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN77L/NaESsVC8ainEXUDPBDMZwRrI7mkl7BRemPaiKW9csWu2jOgZeLkpAI56r3yV7cfkjigQhOOleo4dqTdBEvNCKdpqRsrGmEyxgPaMVTggCo3mR2dohOj9JEfSlNCo5n6eyPBgVLTwDOTAdZDtehl4n9eJ9b+tZswEcWaCjJ/yI850iHKEkB9JinRfGoIJpKZWxEZYomJNjmVTAjO4peXSfOs6lxWLx7OK7XbPI4iHMExnIIDV1CDe6hDAwg8wTO8wps1sV6sd+tjPlqw8p1D+APr8wcmuZJd</latexit>cij = cji
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One of the ways to address the flavor puzzle 
is to impose a  flavor symmetryU(N)
We consider the  symmetryU(2)

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→can explain the quark and charged 
lepton hierarchies

Antusch, Greljo, Stefanek, Thomsen - Phys. Rev. Lett. 132 (2024)
Greljo, Thomsen, Tiblom - JHEP 08 (2024)

Barbieri, Isidori, Jones-Perez, Lodone, Straub - Eur. Phys. J. C. 71 (2011)
…



Flavor symmetries

7

Specifically, we focus on the U(2)ℓ ≅ SU(2) ⊗ U(1)ℓ

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→it forbids the Weinberg operator in the 
first two generations

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→to restore the symmetry, we introduce 
spurions and identify the minimal set;

<latexit sha1_base64="f8xmIql03Wnb5GauJZzLMnQDmOs=">AAACDXicbVA7T8MwGHR4lvIKMLJYFCQGVCUIFcaKLoxFog+pCZHjOq1bJ45sB6mK8gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/s6PGZXKsr6NpeWV1bX10kZ5c2t7Z9fc229LnghMWpgzLro+koTRiLQUVYx0Y0FQ6DPS8ceN3O88ECEpj+7UJCZuiAYRDShGSkueeYy9lI4y5wxCh+tgfk/qEMbuGx7NYM68kWdWrKo1BVwkdkEqoEDTM7+cPsdJSCKFGZKyZ1uxclMkFMWMZGUnkSRGeIwGpKdphEIi3XS6TQZPtNKHARf6RApO1d8TKQqlnIS+ToZIDeW8l4v/eb1EBVduSqM4USTCs4eChEHFYV4N7FNBsGITTRAWVP8V4iESCCtdYFmXYM+vvEja51W7Vq3dXlTq10UdJXAIjsApsMElqIMb0AQtgMEjeAav4M14Ml6Md+NjFl0yipkD8AfG5w869Zuv</latexit>

cij ωCi ωj

<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

One of the ways to address the flavor puzzle 
is to impose a  flavor symmetryU(N)

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ , ℓα = 21 α = 1,2

a
<latexit sha1_base64="sFc53zJYzSy/2UrfwwYlmPbVRmE=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsBt8NUJQC8sI5gHZsMxObpIhsw9m7ophSWvjr9hYKGLrH9j5N06SLTTxwIXDOffO3Hv8WAqNtv1tLSwuLa+s5tby6xubW9uFnd26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+IOrsd+4B6VFFN7hMIZ2wHqh6ArO0EhegboIDzh5J/VlAqP02nOZjPtsRC9o2XO8QtEu2RPQeeJkpEgyVL3Cl9uJeBJAiFwyrVuOHWM7ZQoFlzDKu4mGmPEB60HL0JAFoNvpZIMRPTRKh3YjZSpEOlF/T6Qs0HoY+KYzYNjXs95Y/M9rJdg9b6cijBOEkE8/6iaSYkTHsdCOUMBRDg1hXAmzK+V9phhHE17ehODMnjxP6uWSc1o6uT0uVi6zOHJknxyQI+KQM1IhN6RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpm9sgfWJ8/UTeaEQ==</latexit>

Dω = 21
<latexit sha1_base64="uAEbkePq57YAqr0PPNTZ915wNto=">AAACBHicbVDJSgNBEO2JW4xb1GMujUHwFGbiehGiXjxGyAZJGHo6laRJz0J3jRiGHLz4K148KOLVj/Dm39hZDpr4oODxXlVX1/MiKTTa9reVWlpeWV1Lr2c2Nre2d7K7ezUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3Bjdjv34PSoswqOAwgrbPeoHoCs7QSG4210J4wMk7iSdjGCUV92pEL+mxW3SzebtgT0AXiTMjeTJD2c1+tTohj30IkEumddOxI2wnTKHgEkaZVqwhYnzAetA0NGA+6HYyWT6ih0bp0G6oTAVIJ+rviYT5Wg99z3T6DPt63huL/3nNGLsX7UQEUYwQ8OmibiwphnScCO0IBRzl0BDGlTB/pbzPFONocsuYEJz5kxdJrVhwzgqndyf50vUsjjTJkQNyRBxyTkrklpRJlXDySJ7JK3mznqwX6936mLamrNnMPvkD6/MHO/GX0A==</latexit>

TA = 32

We consider the  symmetryU(2)
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→can explain the quark and charged 

lepton hierarchies
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Flavor symmetries
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Specifically, we focus on the U(2)ℓ ≅ SU(2) ⊗ U(1)ℓ

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→it forbids the Weinberg operator in the 
first two generations

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→to restore the symmetry, we introduce 
spurions and identify the minimal set;

One of the ways to address the flavor puzzle 
is to impose a  flavor symmetryU(N)

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ , ℓα = 21 α = 1,2

a
<latexit sha1_base64="sFc53zJYzSy/2UrfwwYlmPbVRmE=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsBt8NUJQC8sI5gHZsMxObpIhsw9m7ophSWvjr9hYKGLrH9j5N06SLTTxwIXDOffO3Hv8WAqNtv1tLSwuLa+s5tby6xubW9uFnd26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+IOrsd+4B6VFFN7hMIZ2wHqh6ArO0EhegboIDzh5J/VlAqP02nOZjPtsRC9o2XO8QtEu2RPQeeJkpEgyVL3Cl9uJeBJAiFwyrVuOHWM7ZQoFlzDKu4mGmPEB60HL0JAFoNvpZIMRPTRKh3YjZSpEOlF/T6Qs0HoY+KYzYNjXs95Y/M9rJdg9b6cijBOEkE8/6iaSYkTHsdCOUMBRDg1hXAmzK+V9phhHE17ehODMnjxP6uWSc1o6uT0uVi6zOHJknxyQI+KQM1IhN6RKaoSTR/JMXsmb9WS9WO/Wx7R1wcpm9sgfWJ8/UTeaEQ==</latexit>

Dω = 21
<latexit sha1_base64="uAEbkePq57YAqr0PPNTZ915wNto=">AAACBHicbVDJSgNBEO2JW4xb1GMujUHwFGbiehGiXjxGyAZJGHo6laRJz0J3jRiGHLz4K148KOLVj/Dm39hZDpr4oODxXlVX1/MiKTTa9reVWlpeWV1Lr2c2Nre2d7K7ezUdxopDlYcyVA2PaZAigCoKlNCIFDDfk1D3Bjdjv34PSoswqOAwgrbPeoHoCs7QSG4210J4wMk7iSdjGCUV92pEL+mxW3SzebtgT0AXiTMjeTJD2c1+tTohj30IkEumddOxI2wnTKHgEkaZVqwhYnzAetA0NGA+6HYyWT6ih0bp0G6oTAVIJ+rviYT5Wg99z3T6DPt63huL/3nNGLsX7UQEUYwQ8OmibiwphnScCO0IBRzl0BDGlTB/pbzPFONocsuYEJz5kxdJrVhwzgqndyf50vUsjjTJkQNyRBxyTkrklpRJlXDySJ7JK3mznqwX6936mLamrNnMPvkD6/MHO/GX0A==</latexit>

TA = 32

We consider the  symmetryU(2)
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→can explain the quark and charged 

lepton hierarchies

`i `j
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Neutrino mass matrix
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<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

UV

<latexit sha1_base64="HkDHociJJL5aXYj6gFE1JNg4dvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8uiGxcuKtgHdIaSyaRtaJIZkkyhDP0TNy4UceufuPNvTNtZaPVA4HDOPdybE6WcaeN5X05pZXVtfaO8Wdna3tndc/cPWjrJFKFNkvBEdSKsKWeSNg0znHZSRbGIOG1Ho9uZ3x5TpVkiH80kpaHAA8n6jGBjpZ7rBiJDgWYCBfc2FeOeW/Vq3hzoL/ELUoUCjZ77GcQJyQSVhnCsddf3UhPmWBlGOJ1WgkzTFJMRHtCupRILqsN8fvkUnVglRv1E2ScNmqs/EzkWWk9EZCcFNkO97M3E/7xuZvrXYc5kmhkqyWJRP+PIJGhWA4qZosTwiSWYKGZvRWSIFSbGllWxJfjLX/5LWmc1/7J28XBerd8UdZThCI7hFHy4gjrcQQOaQGAMT/ACr07uPDtvzvtitOQUmUP4BefjG7gNkxU=</latexit>

µ → !



Neutrino mass matrix
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<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

UV

<latexit sha1_base64="jccuXPFgRD2HVvRg+es7oRReBb0="></latexit>

Ld=5 =
cij

2!
H

T
iω

2
εωH · ϑCi iω

2
εωϑj

<latexit sha1_base64="YQ9n978C68848/xdbOlNqp9eDto=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZkeqyKIjLCvYBnWHIpJk2NMkMSaZQxi78FTcuFHHrb7jzb8y0s9DWA4HDOfdyT06YMKq043xbpZXVtfWN8mZla3tnd8/eP2irOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE45ucr8zJlLRWDzoSUJ8jgaCRhQjbaTAPvJ4Cj1FORwHHkd6iBHLbqeBXXVqzgxwmbgFqYICzcD+8voxTjkRGjOkVM91Eu1nSGqKGZlWvFSRBOERGpCeoQJxovxsln8KT43Sh1EszRMaztTfGxniSk14aCbziGrRy8X/vF6qoys/oyJJNRF4fihKGdQxzMuAfSoJ1mxiCMKSmqwQD5FEWJvKKqYEd/HLy6R9XnPrtfr9RbVxXdRRBsfgBJwBF1yCBrgDTdACGDyCZ/AK3qwn68V6tz7moyWr2DkEf2B9/gDPGpX+</latexit>µ → vF <latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ Flavor symm. breaking

<latexit sha1_base64="HkDHociJJL5aXYj6gFE1JNg4dvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8uiGxcuKtgHdIaSyaRtaJIZkkyhDP0TNy4UceufuPNvTNtZaPVA4HDOPdybE6WcaeN5X05pZXVtfaO8Wdna3tndc/cPWjrJFKFNkvBEdSKsKWeSNg0znHZSRbGIOG1Ho9uZ3x5TpVkiH80kpaHAA8n6jGBjpZ7rBiJDgWYCBfc2FeOeW/Vq3hzoL/ELUoUCjZ77GcQJyQSVhnCsddf3UhPmWBlGOJ1WgkzTFJMRHtCupRILqsN8fvkUnVglRv1E2ScNmqs/EzkWWk9EZCcFNkO97M3E/7xuZvrXYc5kmhkqyWJRP+PIJGhWA4qZosTwiSWYKGZvRWSIFSbGllWxJfjLX/5LWmc1/7J28XBerd8UdZThCI7hFHy4gjrcQQOaQGAMT/ACr07uPDtvzvtitOQUmUP4BefjG7gNkxU=</latexit>

µ → !



Neutrino mass matrix
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<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

UV

<latexit sha1_base64="jccuXPFgRD2HVvRg+es7oRReBb0="></latexit>

Ld=5 =
cij

2!
H

T
iω

2
εωH · ϑCi iω

2
εωϑj

<latexit sha1_base64="YQ9n978C68848/xdbOlNqp9eDto=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZkeqyKIjLCvYBnWHIpJk2NMkMSaZQxi78FTcuFHHrb7jzb8y0s9DWA4HDOfdyT06YMKq043xbpZXVtfWN8mZla3tnd8/eP2irOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE45ucr8zJlLRWDzoSUJ8jgaCRhQjbaTAPvJ4Cj1FORwHHkd6iBHLbqeBXXVqzgxwmbgFqYICzcD+8voxTjkRGjOkVM91Eu1nSGqKGZlWvFSRBOERGpCeoQJxovxsln8KT43Sh1EszRMaztTfGxniSk14aCbziGrRy8X/vF6qoys/oyJJNRF4fihKGdQxzMuAfSoJ1mxiCMKSmqwQD5FEWJvKKqYEd/HLy6R9XnPrtfr9RbVxXdRRBsfgBJwBF1yCBrgDTdACGDyCZ/AK3qwn68V6tz7moyWr2DkEf2B9/gDPGpX+</latexit>µ → vF <latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ Flavor symm. breaking

The spurions acquire a VEV    ⟹
<latexit sha1_base64="ovWSv8XwV+7RSADW3X2l8/LmixM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00MtIv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD1U42a</latexit>

{
*We used  symmetry to rotate    
away unphysical degrees of freedom

U(2)

<latexit sha1_base64="HkDHociJJL5aXYj6gFE1JNg4dvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8uiGxcuKtgHdIaSyaRtaJIZkkyhDP0TNy4UceufuPNvTNtZaPVA4HDOPdybE6WcaeN5X05pZXVtfaO8Wdna3tndc/cPWjrJFKFNkvBEdSKsKWeSNg0znHZSRbGIOG1Ho9uZ3x5TpVkiH80kpaHAA8n6jGBjpZ7rBiJDgWYCBfc2FeOeW/Vq3hzoL/ELUoUCjZ77GcQJyQSVhnCsddf3UhPmWBlGOJ1WgkzTFJMRHtCupRILqsN8fvkUnVglRv1E2ScNmqs/EzkWWk9EZCcFNkO97M3E/7xuZvrXYc5kmhkqyWJRP+PIJGhWA4qZosTwiSWYKGZvRWSIFSbGllWxJfjLX/5LWmc1/7J28XBerd8UdZThCI7hFHy4gjrcQQOaQGAMT/ACr07uPDtvzvtitOQUmUP4BefjG7gNkxU=</latexit>

µ → !
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<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

UV

<latexit sha1_base64="jccuXPFgRD2HVvRg+es7oRReBb0="></latexit>

Ld=5 =
cij

2!
H

T
iω

2
εωH · ϑCi iω

2
εωϑj

<latexit sha1_base64="YQ9n978C68848/xdbOlNqp9eDto=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZkeqyKIjLCvYBnWHIpJk2NMkMSaZQxi78FTcuFHHrb7jzb8y0s9DWA4HDOfdyT06YMKq043xbpZXVtfWN8mZla3tnd8/eP2irOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE45ucr8zJlLRWDzoSUJ8jgaCRhQjbaTAPvJ4Cj1FORwHHkd6iBHLbqeBXXVqzgxwmbgFqYICzcD+8voxTjkRGjOkVM91Eu1nSGqKGZlWvFSRBOERGpCeoQJxovxsln8KT43Sh1EszRMaztTfGxniSk14aCbziGrRy8X/vF6qoys/oyJJNRF4fihKGdQxzMuAfSoJ1mxiCMKSmqwQD5FEWJvKKqYEd/HLy6R9XnPrtfr9RbVxXdRRBsfgBJwBF1yCBrgDTdACGDyCZ/AK3qwn68V6tz7moyWr2DkEf2B9/gDPGpX+</latexit>µ → vF <latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ Flavor symm. breaking

<latexit sha1_base64="HkDHociJJL5aXYj6gFE1JNg4dvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8uiGxcuKtgHdIaSyaRtaJIZkkyhDP0TNy4UceufuPNvTNtZaPVA4HDOPdybE6WcaeN5X05pZXVtfaO8Wdna3tndc/cPWjrJFKFNkvBEdSKsKWeSNg0znHZSRbGIOG1Ho9uZ3x5TpVkiH80kpaHAA8n6jGBjpZ7rBiJDgWYCBfc2FeOeW/Vq3hzoL/ELUoUCjZ77GcQJyQSVhnCsddf3UhPmWBlGOJ1WgkzTFJMRHtCupRILqsN8fvkUnVglRv1E2ScNmqs/EzkWWk9EZCcFNkO97M3E/7xuZvrXYc5kmhkqyWJRP+PIJGhWA4qZosTwiSWYKGZvRWSIFSbGllWxJfjLX/5LWmc1/7J28XBerd8UdZThCI7hFHy4gjrcQQOaQGAMT/ACr07uPDtvzvtitOQUmUP4BefjG7gNkxU=</latexit>

µ → !



Neutrino mass matrix

13

<latexit sha1_base64="eYPJ1s+LQudL9ecBEPNA8bju0RU="></latexit>

+ωT
T →
A

!
εCω (iϑ2ϑA)ωεεε

<latexit sha1_base64="09yvRB0NoKexAiNF1byfUSMm0Qg="></latexit>

ωεC3 ε3 + 2ωD
D→

ω

!
εC3 εω

UV

<latexit sha1_base64="jccuXPFgRD2HVvRg+es7oRReBb0="></latexit>

Ld=5 =
cij

2!
H

T
iω

2
εωH · ϑCi iω

2
εωϑj

<latexit sha1_base64="YQ9n978C68848/xdbOlNqp9eDto=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZkeqyKIjLCvYBnWHIpJk2NMkMSaZQxi78FTcuFHHrb7jzb8y0s9DWA4HDOfdyT06YMKq043xbpZXVtfWN8mZla3tnd8/eP2irOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE45ucr8zJlLRWDzoSUJ8jgaCRhQjbaTAPvJ4Cj1FORwHHkd6iBHLbqeBXXVqzgxwmbgFqYICzcD+8voxTjkRGjOkVM91Eu1nSGqKGZlWvFSRBOERGpCeoQJxovxsln8KT43Sh1EszRMaztTfGxniSk14aCbziGrRy8X/vF6qoys/oyJJNRF4fihKGdQxzMuAfSoJ1mxiCMKSmqwQD5FEWJvKKqYEd/HLy6R9XnPrtfr9RbVxXdRRBsfgBJwBF1yCBrgDTdACGDyCZ/AK3qwn68V6tz7moyWr2DkEf2B9/gDPGpX+</latexit>µ → vF <latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→ Flavor symm. breaking

<latexit sha1_base64="ypWEl2iOdGkaIHndiWOWU1N5CKI=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiUj0WRfBYwX5AE8pmu22X7iZhd1IsMQf/ihcPinj1b3jz37htc9DWBwOP92aYmRfEgmtwnG9raXlldW29sFHc3Nre2bX39hs6ShRldRqJSLUCopngIasDB8FasWJEBoI1g+H1xG+OmNI8Cu9hHDNfkn7Ie5wSMFLHPvRkgj3NJR51Ug/YA6Q3zSzr2CWn7EyBF4mbkxLKUevYX143oolkIVBBtG67Tgx+ShRwKlhW9BLNYkKHpM/ahoZEMu2n0/szfGKULu5FylQIeKr+nkiJ1HosA9MpCQz0vDcR//PaCfQu/ZSHcQIspLNFvURgiPAkDNzlilEQY0MIVdzciumAKELBRFY0IbjzLy+SxlnZrZQrd+el6lUeRwEdoWN0ilx0garoFtVQHVH0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHJvCWNw==</latexit>µ → vEW
 EW symm. breaking

<latexit sha1_base64="ReZG4QWZJk3ylo+oYCrFN1Ny0C4=">AAACEHicbVDNS8MwHE3n15xfU49egkOcIKMVmR6Hu3gRJrgPWGtJs3TLlqYlSYVR+id48V/x4kERrx69+d+YbT3o5oPA4733S/J7XsSoVKb5beSWlldW1/LrhY3Nre2d4u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8RtreqD7x2w9ESBryOzWOiBOgPqc+xUhpyS0el29cm8cnbkKHqX0K7VCnJ5clWr2vuzSFmrhDt1gyK+YUcJFYGSmBDA23+GX3QhwHhCvMkJRdy4yUkyChKGYkLdixJBHCI9QnXU05Coh0kulCKTzSSg/6odCHKzhVf08kKJByHHg6GSA1kPPeRPzP68bKv3QSyqNYEY5nD/kxgyqEk3ZgjwqCFRtrgrCg+q8QD5BAWOkOC7oEa37lRdI6q1jVSvX2vFS7yurIgwNwCMrAAhegBq5BAzQBBo/gGbyCN+PJeDHejY9ZNGdkM/vgD4zPH1gsnNI=</latexit>

(Mω)ij ωCi ωj

<latexit sha1_base64="HkDHociJJL5aXYj6gFE1JNg4dvs=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRX8uiGxcuKtgHdIaSyaRtaJIZkkyhDP0TNy4UceufuPNvTNtZaPVA4HDOPdybE6WcaeN5X05pZXVtfaO8Wdna3tndc/cPWjrJFKFNkvBEdSKsKWeSNg0znHZSRbGIOG1Ho9uZ3x5TpVkiH80kpaHAA8n6jGBjpZ7rBiJDgWYCBfc2FeOeW/Vq3hzoL/ELUoUCjZ77GcQJyQSVhnCsddf3UhPmWBlGOJ1WgkzTFJMRHtCupRILqsN8fvkUnVglRv1E2ScNmqs/EzkWWk9EZCcFNkO97M3E/7xuZvrXYc5kmhkqyWJRP+PIJGhWA4qZosTwiSWYKGZvRWSIFSbGllWxJfjLX/5LWmc1/7J28XBerd8UdZThCI7hFHy4gjrcQQOaQGAMT/ACr07uPDtvzvtitOQUmUP4BefjG7gNkxU=</latexit>

µ → !
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The mass matrix depends on the spurion VEVs

<latexit sha1_base64="F2G+oecnFHoBPJgSoZd7vLzZINA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEiRDAPyC7L7GSSjJmdXeYhhCW/4cWDIl79GW/+jZNkDxotaCiquunuilLOlHbdL6ewsrq2vlHcLG1t7+zulfcP2ioxktAWSXgiuxFWlDNBW5ppTruppDiOOO1E4+uZ33mkUrFE3OtJSoMYDwUbMIK1lfzqbegLcxpm7GEalituzZ0D/SVeTiqQoxmWP/1+QkxMhSYcK9Xz3FQHGZaaEU6nJd8ommIyxkPas1TgmKogm988RSdW6aNBIm0Jjebqz4kMx0pN4sh2xliP1LI3E//zekYPLoOMidRoKshi0cBwpBM0CwD1maRE84klmEhmb0VkhCUm2sZUsiF4yy//Je2zmlev1e/OK42rPI4iHMExVMGDC2jADTShBQRSeIIXeHWM8+y8Oe+L1oKTzxzCLzgf34rckWM=</latexit>

(Mω)ij

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→which gives the neutrino 
mass matrix a specific shape:
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The mass matrix depends on the spurion VEVs

<latexit sha1_base64="F2G+oecnFHoBPJgSoZd7vLzZINA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEiRDAPyC7L7GSSjJmdXeYhhCW/4cWDIl79GW/+jZNkDxotaCiquunuilLOlHbdL6ewsrq2vlHcLG1t7+zulfcP2ioxktAWSXgiuxFWlDNBW5ppTruppDiOOO1E4+uZ33mkUrFE3OtJSoMYDwUbMIK1lfzqbegLcxpm7GEalituzZ0D/SVeTiqQoxmWP/1+QkxMhSYcK9Xz3FQHGZaaEU6nJd8ommIyxkPas1TgmKogm988RSdW6aNBIm0Jjebqz4kMx0pN4sh2xliP1LI3E//zekYPLoOMidRoKshi0cBwpBM0CwD1maRE84klmEhmb0VkhCUm2sZUsiF4yy//Je2zmlev1e/OK42rPI4iHMExVMGDC2jADTShBQRSeIIXeHWM8+y8Oe+L1oKTzxzCLzgf34rckWM=</latexit>

(Mω)ij

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→which gives the neutrino 
mass matrix a specific shape:

Can this matrix shape be fitted 
to experimental results?
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The mass matrix depends on the spurion VEVs

<latexit sha1_base64="F2G+oecnFHoBPJgSoZd7vLzZINA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEiRDAPyC7L7GSSjJmdXeYhhCW/4cWDIl79GW/+jZNkDxotaCiquunuilLOlHbdL6ewsrq2vlHcLG1t7+zulfcP2ioxktAWSXgiuxFWlDNBW5ppTruppDiOOO1E4+uZ33mkUrFE3OtJSoMYDwUbMIK1lfzqbegLcxpm7GEalituzZ0D/SVeTiqQoxmWP/1+QkxMhSYcK9Xz3FQHGZaaEU6nJd8ommIyxkPas1TgmKogm988RSdW6aNBIm0Jjebqz4kMx0pN4sh2xliP1LI3E//zekYPLoOMidRoKshi0cBwpBM0CwD1maRE84klmEhmb0VkhCUm2sZUsiF4yy//Je2zmlev1e/OK42rPI4iHMExVMGDC2jADTShBQRSeIIXeHWM8+y8Oe+L1oKTzxzCLzgf34rckWM=</latexit>

(Mω)ij

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→which gives the neutrino 
mass matrix a specific shape:

Can this matrix shape be fitted 
to experimental results?

The PMNS matrix:
<latexit sha1_base64="ZhaI68XdoBlPPH5iSWqtZVPVJHk=">AAACHnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRo9BPXiJRMwLsnGZnUySIbOzy0yvJCz5Ei/+ihcPigie9G+cPA4aLWgoqrrp7vIjwTXY9peVWlhcWl5Jr2bW1jc2t7LbOzUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHqfv9i7NfvmdI8lBUYRqwVkK7kHU4JGMnLnpQ8V8bYJVGkwgGueokLbABJuXR9OxrdVfDlxJ/TvWzOztsT4L/EmZEcmqHsZT/cdkjjgEmggmjddOwIWglRwKlgo4wbaxYR2idd1jRUkoDpVjJ5b4QPjNLGnVCZkoAn6s+JhARaDwPfdAYEenreG4v/ec0YOmethMsoBibpdFEnFhhCPM4Kt7liFMTQEEIVN7di2iOKUDCJZkwIzvzLf0ntKO8U8oWb41zxfBZHGu2hfXSIHHSKiugKlVEVUfSAntALerUerWfrzXqftqas2cwu+gXr8xuGgKLD</latexit>

Mω → UT
PMNSDωUPMNS

<latexit sha1_base64="uPxyDWYK217CjuWld84al4Qxlj8=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAiSNiNEr0IQT14jGAekIRldjJJhszMLjO9Ylhy9eKvePGgiFf/wJt/4+Rx0MSChqKqm+6uIBLcgOt+OwuLS8srq6m19PrG5tZ2Zme3asJYU1ahoQh1PSCGCa5YBTgIVo80IzIQrBb0r0Z+7Z5pw0N1B4OItSTpKt7hlICV/Ay+9psqxhe4CewBkjYn3WFO+t6x9Au2To78TNbNu2PgeeJNSRZNUfYzX812SGPJFFBBjGl4bgSthGjgVLBhuhkbFhHaJ13WsFQRyUwrGX8yxIdWaeNOqG0pwGP190RCpDEDGdhOSaBnZr2R+J/XiKFz3kq4imJgik4WdWKBIcSjWHCba0ZBDCwhVHN7K6Y9ogkFG17ahuDNvjxPqoW8V8wXb0+zpctpHCm0jw5QDnnoDJXQDSqjCqLoET2jV/TmPDkvzrvzMWldcKYze+gPnM8fCc+Ypg==</latexit>

Dω = diag(m1,m2,m3)

The mass splittings:
<latexit sha1_base64="GYeeacidvOl6mZu9kGJtWNlohsA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBjWVmkOpGKOrCZQX7gHY6ZNJMG5pkhiQjlKFLN/6KGxeKuPUT3Pk3po+Fth4I93DOvdzcEyaMKu0431ZuaXlldS2/XtjY3NresXf36ipOJSY1HLNYNkOkCKOC1DTVjDQTSRAPGWmEg+ux33ggUtFY3OthQnyOeoJGFCNtpMA+bN8QphHkQea5o44HLw31TD011e14gV10Ss4EcJG4M1IEM1QD+6vdjXHKidCYIaVarpNoP0NSU8zIqNBOFUkQHqAeaRkqECfKzyaHjOCxUbowiqV5QsOJ+nsiQ1ypIQ9NJ0e6r+a9sfif10p1dOFnVCSpJgJPF0UpgzqG41Rgl0qCNRsagrCk5q8Q95FEWJvsCiYEd/7kRVL3Sm65VL47K1auZnHkwQE4AifABeegAm5BFdQABo/gGbyCN+vJerHerY9pa86azeyDP7A+fwBwN5cO</latexit>

!m2
21 = m2

2 →m2
1

<latexit sha1_base64="36IWD67WnCVPIC407dQWRMK7oVk=">AAACDnicbVDLTgIxFO3gC/GFunTTSEjcSGbAoBsToi5cYiKPBIZJp1ygodOZtB0TMuEL3PgrblxojFvX7vwby2Oh4Emae3rOvWnv8SPOlLbtbyu1srq2vpHezGxt7+zuZfcP6iqMJYUaDXkomz5RwJmAmmaaQzOSQAKfQ8MfXk/8xgNIxUJxr0cRuAHpC9ZjlGgjedl8+wa4JjjwklIbOB93ivjS3Eqmnpo60TpFL5uzC/YUeJk4c5JDc1S97Fe7G9I4AKEpJ0q1HDvSbkKkZpTDONOOFUSEDkkfWoYKEoByk+k6Y5w3Shf3QmmO0Hiq/p5ISKDUKPBNZ0D0QC16E/E/rxXr3oWbMBHFGgSdPdSLOdYhnmSDu0wC1XxkCKGSmb9iOiCSUG0SzJgQnMWVl0m9WHDKhfLdWa5yNY8jjY7QMTpBDjpHFXSLqqiGKHpEz+gVvVlP1ov1bn3MWlPWfOYQ/YH1+QPhnZoc</latexit>

!m2
3ω = m2

3 →m2
ω

<latexit sha1_base64="ovWSv8XwV+7RSADW3X2l8/LmixM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00MtIv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD1U42a</latexit>

{
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The mass matrix depends on the spurion VEVs

<latexit sha1_base64="F2G+oecnFHoBPJgSoZd7vLzZINA=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEiRDAPyC7L7GSSjJmdXeYhhCW/4cWDIl79GW/+jZNkDxotaCiquunuilLOlHbdL6ewsrq2vlHcLG1t7+zulfcP2ioxktAWSXgiuxFWlDNBW5ppTruppDiOOO1E4+uZ33mkUrFE3OtJSoMYDwUbMIK1lfzqbegLcxpm7GEalituzZ0D/SVeTiqQoxmWP/1+QkxMhSYcK9Xz3FQHGZaaEU6nJd8ommIyxkPas1TgmKogm988RSdW6aNBIm0Jjebqz4kMx0pN4sh2xliP1LI3E//zekYPLoOMidRoKshi0cBwpBM0CwD1maRE84klmEhmb0VkhCUm2sZUsiF4yy//Je2zmlev1e/OK42rPI4iHMExVMGDC2jADTShBQRSeIIXeHWM8+y8Oe+L1oKTzxzCLzgf34rckWM=</latexit>

(Mω)ij

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→which gives the neutrino 
mass matrix a specific shape:

Can this matrix shape be fitted 
to experimental results?

The PMNS matrix:
<latexit sha1_base64="ZhaI68XdoBlPPH5iSWqtZVPVJHk=">AAACHnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRo9BPXiJRMwLsnGZnUySIbOzy0yvJCz5Ei/+ihcPigie9G+cPA4aLWgoqrrp7vIjwTXY9peVWlhcWl5Jr2bW1jc2t7LbOzUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHqfv9i7NfvmdI8lBUYRqwVkK7kHU4JGMnLnpQ8V8bYJVGkwgGueokLbABJuXR9OxrdVfDlxJ/TvWzOztsT4L/EmZEcmqHsZT/cdkjjgEmggmjddOwIWglRwKlgo4wbaxYR2idd1jRUkoDpVjJ5b4QPjNLGnVCZkoAn6s+JhARaDwPfdAYEenreG4v/ec0YOmethMsoBibpdFEnFhhCPM4Kt7liFMTQEEIVN7di2iOKUDCJZkwIzvzLf0ntKO8U8oWb41zxfBZHGu2hfXSIHHSKiugKlVEVUfSAntALerUerWfrzXqftqas2cwu+gXr8xuGgKLD</latexit>

Mω → UT
PMNSDωUPMNS

<latexit sha1_base64="uPxyDWYK217CjuWld84al4Qxlj8=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAiSNiNEr0IQT14jGAekIRldjJJhszMLjO9Ylhy9eKvePGgiFf/wJt/4+Rx0MSChqKqm+6uIBLcgOt+OwuLS8srq6m19PrG5tZ2Zme3asJYU1ahoQh1PSCGCa5YBTgIVo80IzIQrBb0r0Z+7Z5pw0N1B4OItSTpKt7hlICV/Ay+9psqxhe4CewBkjYn3WFO+t6x9Au2To78TNbNu2PgeeJNSRZNUfYzX812SGPJFFBBjGl4bgSthGjgVLBhuhkbFhHaJ13WsFQRyUwrGX8yxIdWaeNOqG0pwGP190RCpDEDGdhOSaBnZr2R+J/XiKFz3kq4imJgik4WdWKBIcSjWHCba0ZBDCwhVHN7K6Y9ogkFG17ahuDNvjxPqoW8V8wXb0+zpctpHCm0jw5QDnnoDJXQDSqjCqLoET2jV/TmPDkvzrvzMWldcKYze+gPnM8fCc+Ypg==</latexit>

Dω = diag(m1,m2,m3)

The mass splittings:
<latexit sha1_base64="GYeeacidvOl6mZu9kGJtWNlohsA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBjWVmkOpGKOrCZQX7gHY6ZNJMG5pkhiQjlKFLN/6KGxeKuPUT3Pk3po+Fth4I93DOvdzcEyaMKu0431ZuaXlldS2/XtjY3NresXf36ipOJSY1HLNYNkOkCKOC1DTVjDQTSRAPGWmEg+ux33ggUtFY3OthQnyOeoJGFCNtpMA+bN8QphHkQea5o44HLw31TD011e14gV10Ss4EcJG4M1IEM1QD+6vdjXHKidCYIaVarpNoP0NSU8zIqNBOFUkQHqAeaRkqECfKzyaHjOCxUbowiqV5QsOJ+nsiQ1ypIQ9NJ0e6r+a9sfif10p1dOFnVCSpJgJPF0UpgzqG41Rgl0qCNRsagrCk5q8Q95FEWJvsCiYEd/7kRVL3Sm65VL47K1auZnHkwQE4AifABeegAm5BFdQABo/gGbyCN+vJerHerY9pa86azeyDP7A+fwBwN5cO</latexit>

!m2
21 = m2

2 →m2
1

<latexit sha1_base64="36IWD67WnCVPIC407dQWRMK7oVk=">AAACDnicbVDLTgIxFO3gC/GFunTTSEjcSGbAoBsToi5cYiKPBIZJp1ygodOZtB0TMuEL3PgrblxojFvX7vwby2Oh4Emae3rOvWnv8SPOlLbtbyu1srq2vpHezGxt7+zuZfcP6iqMJYUaDXkomz5RwJmAmmaaQzOSQAKfQ8MfXk/8xgNIxUJxr0cRuAHpC9ZjlGgjedl8+wa4JjjwklIbOB93ivjS3Eqmnpo60TpFL5uzC/YUeJk4c5JDc1S97Fe7G9I4AKEpJ0q1HDvSbkKkZpTDONOOFUSEDkkfWoYKEoByk+k6Y5w3Shf3QmmO0Hiq/p5ISKDUKPBNZ0D0QC16E/E/rxXr3oWbMBHFGgSdPdSLOdYhnmSDu0wC1XxkCKGSmb9iOiCSUG0SzJgQnMWVl0m9WHDKhfLdWa5yNY8jjY7QMTpBDjpHFXSLqqiGKHpEz+gVvVlP1ov1bn3MWlPWfOYQ/YH1+QPhnZoc</latexit>

!m2
3ω = m2

3 →m2
ω

<latexit sha1_base64="ovWSv8XwV+7RSADW3X2l8/LmixM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00MtIv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD1U42a</latexit>

{
Relation to the charged lepton masses?



Neutrino mass matrix
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The model successfully reproduce 
the observed values!

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→furthermore, it predicts 
the lightest neutrino mass

<latexit sha1_base64="wGvS+udSfuxtyXZ9ia31bdWhPd0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vZXVtfWNzcJWcXtnd2+/dHDYNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqLaMCUf7DihocADyWJGsHVSU/R8dI16pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmueVoFqp3l+Uazd5HAU4hhM4gwAuoQZ3UIcGEHiEZ3iFN095L9679zFvXfHymSP4A+/zByyujjo=</latexit>m0 =
<latexit sha1_base64="ovWSv8XwV+7RSADW3X2l8/LmixM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00MtIv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD1U42a</latexit>

{

Quasi-degenerate spectrum, accessible 
at the future neutrino experiments
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<latexit sha1_base64="b/ehFEl2tMwFb7dWE0p5oMs9PUg=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68aQRzCLJEHo6PUmTnp6hu0YMQ77CiwdFvPo53vwbO8tBow8KHu9VUVUvSKQw6LpfTm5hcWl5Jb9aWFvf2Nwqbu/UTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDy7HfeODaiFjd4TDhfkR7SoSCUbTSfRv5I2bXN6NOseSW3QnIX+LNSAlmqHaKn+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/mxw8IgdW6ZIw1rYUkon6cyKjkTHDKLCdEcW+mffG4n9eK8Xw3M+ESlLkik0XhakkGJPx96QrNGcoh5ZQpoW9lbA+1ZShzahgQ/DmX/5L6kdl77R8cntcqlzM4sjDHuzDIXhwBhW4girUgEEET/ACr452np03533amnNmM7vwC87HNwogkJQ=</latexit>

NO
<latexit sha1_base64="uLJcZzJ/J9PrmzmdTYvHpXsj//o=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFtKJPppB06mYSZGzGG4q+4caGIW//DnX/jtM1CWw8MHM65h3vn+LHgGhzn21pYXFpeWS2sFdc3Nre27Z3dho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eD32m/dMaR7JO0hj5oWkL3nAKQEjde39DrAHyMomJHjIJVHp8ahrl5yKMwGeJ25OSihHrWt/dXoRTUImgQqiddt1YvAyooBTwUbFTqJZTOiQ9FnbUElCpr1scv0IHxmlh4NImScBT9TfiYyEWqehbyZDAgM9643F/7x2AsGll3EZJ8AknS4KEoEhwuMqcI8rRkGkhhCquLkV0wFRhIIprGhKcGe/PE8aJxX3vHJ2e1qqXuV1FNABOkRl5KILVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHdHTByjN76A+szx/525WT</latexit>

(preliminary)
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Neutrino mass matrix
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The model successfully reproduce 
the observed values!

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→furthermore, it predicts 
the lightest neutrino mass

<latexit sha1_base64="wGvS+udSfuxtyXZ9ia31bdWhPd0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vZXVtfWNzcJWcXtnd2+/dHDYNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqLaMCUf7DihocADyWJGsHVSU/R8dI16pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmueVoFqp3l+Uazd5HAU4hhM4gwAuoQZ3UIcGEHiEZ3iFN095L9679zFvXfHymSP4A+/zByyujjo=</latexit>m0 =
<latexit sha1_base64="ovWSv8XwV+7RSADW3X2l8/LmixM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00MtIv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwD1U42a</latexit>

{

Quasi-degenerate spectrum, accessible 
at the future neutrino experiments

NO
IO

<latexit sha1_base64="uLJcZzJ/J9PrmzmdTYvHpXsj//o=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFtKJPppB06mYSZGzGG4q+4caGIW//DnX/jtM1CWw8MHM65h3vn+LHgGhzn21pYXFpeWS2sFdc3Nre27Z3dho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eD32m/dMaR7JO0hj5oWkL3nAKQEjde39DrAHyMomJHjIJVHp8ahrl5yKMwGeJ25OSihHrWt/dXoRTUImgQqiddt1YvAyooBTwUbFTqJZTOiQ9FnbUElCpr1scv0IHxmlh4NImScBT9TfiYyEWqehbyZDAgM9643F/7x2AsGll3EZJ8AknS4KEoEhwuMqcI8rRkGkhhCquLkV0wFRhIIprGhKcGe/PE8aJxX3vHJ2e1qqXuV1FNABOkRl5KILVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHdHTByjN76A+szx/525WT</latexit>

(preliminary)
<latexit sha1_base64="uHsc8ZqSjHE11zBXnJafzl6souI=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx60ZMRzCLJEHo6PUmTnp6hu0YMQ77CiwdFvPo53vwbO8tBow8KHu9VUVUvSKQw6LpfTm5hcWl5Jb9aWFvf2Nwqbu/UTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDy7HfeODaiFjd4TDhfkR7SoSCUbTSfRv5I2bXN6NOseSW3QnIX+LNSAlmqHaKn+1uzNKIK2SSGtPy3AT9jGoUTPJRoZ0anlA2oD3eslTRiBs/mxw8IgdW6ZIw1rYUkon6cyKjkTHDKLCdEcW+mffG4n9eK8Xw3M+ESlLkik0XhakkGJPx96QrNGcoh5ZQpoW9lbA+1ZShzahgQ/DmX/5L6kdl77R8cntcqlzM4sjDHuzDIXhwBhW4girUgEEET/ACr452np03533amnNmM7vwC87HNwKCkI8=</latexit>

IO
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Lagrangian in the charged lepton sector:

<latexit sha1_base64="13sfAfTGQ0MGDiTJQH1H2vt5Il4=">AAACAXicbVC7SgNBFL0bXzG+Vm0Em8EgWMVd8dUIQRsLiwjmAdllmZ2dTYbMPpiZDYQlNv6KjYUitv6FnX/j5FFo4oGBwzn3cOceP+VMKsv6NgoLi0vLK8XV0tr6xuaWub3TkEkmCK2ThCei5WNJOYtpXTHFaSsVFEc+p02/dzPym30qJEviBzVIqRvhTsxCRrDSkmfuOTSVjGvK0BXqe+zYudPpAHtm2apYY6B5Yk9JGaaoeeaXEyQki2isCMdStm0rVW6OhWKE02HJySRNMenhDm1rGuOISjcfXzBEh1oJUJgI/WKFxurvRI4jKQeRrycjrLpy1huJ/3ntTIWXbs7iNFM0JpNFYcaRStCoDhQwQYniA00wEUz/FZEuFpgoXVpJl2DPnjxPGicV+7xydn9arl5P6yjCPhzAEdhwAVW4hRrUgcAjPMMrvBlPxovxbnxMRgvGNLMLf2B8/gB/9JZK</latexit>

ωi = vi/!
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Lagrangian in the charged lepton sector:

After diagonalization: couplings

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→we see a clear hierarchy in the 
charged lepton Yukawa couplings

<latexit sha1_base64="5mF+Dxb0AIvaeyZi7e6hy3vBvBg=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQQUoivpZFNy4r2Ae0IUymk3bo5MHMRG1Dv8SNC0Xc+inu/BsnbRbaeuBeDufcy9w5XsyZVJb1bSwtr6yurRc2iptb2zslc3evKaNEENogEY9E28OSchbShmKK03YsKA48Tlve8CbzWw9USBaF92oUUyfA/ZD5jGClJdcsVZ5cdoLGWXt02bFrlq2qNQVaJHZOypCj7ppf3V5EkoCGinAsZce2YuWkWChGOJ0Uu4mkMSZD3KcdTUMcUOmk08Mn6EgrPeRHQleo0FT9vZHiQMpR4OnJAKuBnPcy8T+vkyj/yklZGCeKhmT2kJ9wpCKUpYB6TFCi+EgTTATTtyIywAITpbMq6hDs+S8vkuZp1b6ont+dlWvXeRwFOIBDqIANl1CDW6hDAwgk8Ayv8GaMjRfj3fiYjS4Z+c4+/IHx+QPjiZH1</latexit>

(xi, zi, wi)

<latexit sha1_base64="DKXn67g3XJD+/dYbNWohHVWd194="></latexit>

Ye =




ω2

ω
1



→O(1)

<latexit sha1_base64="AGrG7z4ItQa5HFTvcYcErtzeb/k=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXEiZEW/Loi5cVrAX6AxDJs20oUlmSDJCGfoCbnwVNy4UcevenW9j2o6orT8EvvznHJLzhwmjSjvOp1WYm19YXCoul1ZW19Y37M2thopTiUkdxyyWrRApwqggdU01I61EEsRDRpph/3JUb94RqWgsbvUgIT5HXUEjipE2VmDveSRRlMUCeopy+H0Lrg5/mAZ22ak4Y8FZcHMog1y1wP7wOjFOOREaM6RU23US7WdIaooZGZa8VJEE4T7qkrZBgThRfjbeZgj3jdOBUSzNERqO3d8TGeJKDXhoOjnSPTVdG5n/1dqpjs79jIok1UTgyUNRyqCO4Sga2KGSYM0GBhCW1PwV4h6SCGsTYMmE4E6vPAuNo4p7Wjm5OS5XL/I4imAH7IID4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbpLVg5TPb4I+s9y9RfJu7</latexit>ω → ωD, ωi



UV completion

22

The Weinberg operator is radiatively 
completed

To do so, we introduce the following:
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Leptoquarks 

<latexit sha1_base64="9GtevJ/3IhAHXN7vXg08Z3hhggQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxChVKTqq0boejGZRX7gDaEyXTSDp1MwsxEqKFf4saFIm79FHf+jdM2C209cOFwzr3ce48XMSqVZX0bmZXVtfWN7GZua3tnN2/u7bdkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1upn77kQhJQ/6gxhFxAjTg1KcYKS25Zv7ercArWDwrVUq10+qJaxassjUDXCZ2SgogRcM1v3r9EMcB4QozJGXXtiLlJEgoihmZ5HqxJBHCIzQgXU05Coh0ktnhE3islT70Q6GLKzhTf08kKJByHHi6M0BqKBe9qfif142Vf+kklEexIhzPF/kxgyqE0xRgnwqCFRtrgrCg+laIh0ggrHRWOR2CvfjyMmlVyna1fHF3Xqhfp3FkwSE4AkVggxqog1vQAE2AQQyewSt4M56MF+Pd+Ji3Zox05gD8gfH5A2MmkFU=</latexit>

R2 = (3, 2, 7/6)
<latexit sha1_base64="ErL5X7xFo5dhxtCa75UErjTZTCk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKpSaVK1uhKIbl1XsA9oQJpNpO3QyCTMToYRs/BU3LhRx62e482+ctllo64ELh3Pu5d57vIhRqSzr21hYXFpeWc2t5dc3Nre2zZ3dpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84c3Ybz0SIWnIH9QoIk6A+pz2KEZKS66531WU+SS5T90KvILF01KlZJ9Uj12zYJWtCeA8sTNSABnqrvnV9UMcB4QrzJCUHduKlJMgoShmJM13Y0kihIeoTzqachQQ6SSTB1J4pBUf9kKhiys4UX9PJCiQchR4ujNAaiBnvbH4n9eJVe/SSSiPYkU4ni7qxQyqEI7TgD4VBCs20gRhQfWtEA+QQFjpzPI6BHv25XnSrJTtavn87qxQu87iyIEDcAiKwAYXoAZuQR00AAYpeAav4M14Ml6Md+Nj2rpgZDN74A+Mzx/oV5QF</latexit>

R̃2 = (3, 2, 1/6)
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Diquark  

<latexit sha1_base64="N8SdZ87ZuH9LZZTAxGZnAXIiIxI=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJUKHVjfV2EohePFe0D2mXJptk2NPsgyQplKXjxr3jxoIhX/4Q3/43Zdg/aOhAYZuZL8o0bcSaVZX0bc/MLi0vLuZX86tr6xqa5td2QYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXdwnfrNByokC4N7NYyo7eNewDxGsNKSY+7eOQhewmIn1Kn0kqQyKqESOqocOmbBKltjwFmCMlIAGWqO+dXphiT2aaAIx1K2kRUpO8FCMcLpKN+JJY0wGeAebWsaYJ9KOxnvMIIHWulCLxT6BAqO1d8TCfalHPquTvpY9eW0l4r/ee1YeRd2woIoVjQgk4e8mEMVwrQQ2GWCEsWHmmAimP4rJH0sMFG6trwuAU2vPEsax2V0Vj69PSlUr7I6cmAP7IMiQOAcVMENqIE6IOARPINX8GY8GS/Gu/Exic4Z2cwO+APj8wdhS5Vx</latexit>

S1 = (3, 1, 1/3)

This setup can in principle complete the 
Weinberg operator on the 2-loop level

<latexit sha1_base64="8gtihicGZJal/IgzfLUL84QOABA=">AAACGXicbVC5TsNAEF1zhnAZKGlWREihieyIq4ygoQyQS4qNNV5vklXWh3bXSJGV36DhV2goQIgSKv6GzVGEhCeN9PTejGbm+QlnUlnWj7G0vLK6tp7byG9ube/smnv7DRmngtA6iXksWj5IyllE64opTluJoBD6nDb9/vXIbz5SIVkc1dQgoW4I3Yh1GAGlJc+0nD4kCeB7z8aOYjyg2d3QKz/UcJE5knVD8Mons45nFqySNQZeJPaUFNAUVc/8coKYpCGNFOEgZdu2EuVmIBQjnA7zTippAqQPXdrWNIKQSjcbfzbEx1oJcCcWuiKFx+rsRAahlIPQ150hqJ6c90bif147VZ1LN2NRkioakcmiTsqxivEoJhwwQYniA02ACKZvxaQHAojSYeZ1CPb8y4ukUS7Z56Wz29NC5WoaRw4doiNURDa6QBV0g6qojgh6Qi/oDb0bz8ar8WF8TlqXjOnMAfoD4/sXeBufXQ==</latexit>

ωS1R̃
T
2 (iε2)R̃2

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Mechanism that 
provides  ΔL = 2
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We expand the flavor symmetry group:

 and R2 → R2S = 10 R2D = 21
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Spontaneous flavor symm. 
breaking and integrating out 

 and R2, R̃2 S1

+ the flavons  and D = 21 T = 32

<latexit sha1_base64="mTFjqN9j5bvVnvmt6PzMFW58KL8=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApVAolKd6WRTcuK5i20IQwmUzboZMLMxOlhD6BG1/FjQtF3Lp259s4SbPQ1h8Gfr5zDmfO78WMCmkY31ppZXVtfaO8Wdna3tnd0/cPuiJKOCYWjljE+x4ShNGQWJJKRvoxJyjwGOl5k+us3rsnXNAovJPTmDgBGoV0SDGSCrl6zaq3TlybMAZtTkdjiTiPHmBO0ww3koY/c/Wq0TRywWVjFqYKCnVc/cv2I5wEJJSYISEGphFLJ0VcUszIrGIngsQIT9CIDJQNUUCEk+bnzGBNER8OI65eKGFOf0+kKBBiGniqM0ByLBZrGfyvNkjk8NJJaRgnkoR4vmiYMCgjmGUDfcoJlmyqDMKcqr9CPEYcYakSrKgQzMWTl0231TTPm2e3p9X2VRFHGRyBY1AHJrgAbXADOsACGDyCZ/AK3rQn7UV71z7mrSWtmDkEf6R9/gD3XJrT</latexit>

U(2)ω → U(2)ω+u+d

Leptoquarks/diquark get also the flavor 
number;

 and R̃2 → R̃2S = 10 R̃2D = 21

 and S1 → S1S = 10 S1T = 32

The baryon number is conserved
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The scalars are completing 
the Weinberg operator at 
the 2-loop level

The scales are predicted to be

 can be light (  100 TeV)≲<latexit sha1_base64="8A3+C0fBoScM6tKqq8Y2MWRWwK4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KifUAbwmQ6aYfOTMLMRCghH+HGhSJu/R53/o3TNgttPXDhcM693HtPmHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc3079zhNVmsXy0UwS6gs8lCxiBBsrdUSQPQReHlRrbt2dAS0TryA1KNAMql/9QUxSQaUhHGvd89zE+BlWhhFO80o/1TTBZIyHtGepxIJqP5udm6MTqwxQFCtb0qCZ+nsiw0LriQhtp8BmpBe9qfif10tNdO1nTCapoZLMF0UpRyZG09/RgClKDJ9Ygoli9lZERlhhYmxCFRuCt/jyMmmf1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGBMTzDK7w5ifPivDsf89aSU8wcwh84nz8es49x</latexit>mS1
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Spontaneous flavor symm. 
breaking and integrating out 

 and R2, R̃2 S1

*with the assumptions that 
the couplings are order of 
magnitude 𝒪(1)

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Leptoquark  can be potentially tested in LFV experimentsR2
<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→Diquark  can be potentially tested via meson-mixing S1
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The model based on the   flavor symmetry is proposed in order to 
accommodate for the measured neutrino observables

U(2)ℓ

The effective model predicts the lightest neutrino mass to 
be fairly high, making the spectra quasi-degenerate

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>→available for the next generation neutrino experiments

A radiative UV model based on 2 leptoquarks and a diquark is 
proposed, completing the Weinberg operator on 2-loop level

The hierarchy in the charged lepton sector is also predicted



Thank you for your attention!


