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• Three fermion families are identical (replicated) objects under the 
SM symmetry, yet they interact so differently with the Higgs
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The flavour puzzle
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Family (gauge) structure hidden at high energies?

The flavour puzzle
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• Flavour deconstruction: SM is embedded in a gauge symmetry that contains a separate factor for each 
fermion family:
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See more in Joe Davighi’s talk tomorrow!

[Salam 79’, Rajpoot 81’, Li and Ma 81’, Georgi 82’ …

Bordone et al 17’, Greljo and Stefanek 18’,

Fuentes-Martín et al, 20’, Davighi and Isidori 23’ …]

Tri-hypercharge: an example of  flavour deconstruction
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• E.g.                                       and                                       are forbidden by tri-hypercharge (gauge) symmetry

Tri-hypercharge: EFT
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• Add “23 hyperons”                                   and  
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• Add “12 hyperons”                                   and
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• When these four hyperons (scalars) get VEVs, SM flavour structure is dynamically generated (also 
in up and charged lepton sectors)
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Neutrino masses and mixings also included Please ask!
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• E.g.                                       and                                       are forbidden by tri-hypercharge (gauge) symmetry

Heavy messengers needed for s!Λ
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,
1

2
)

<latexit sha1_base64="K21+Mlw+Eh8SvoCk3pf4hzhBrN0="></latexit>

Ld =
�
q1 q2 q3

�

0

BBBBBB@

�`12

⇤1

�`23
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�q12

⇤1

�`23

⇤2

�q12

⇤1

�q23

⇤2

�`12

⇤1

e�q12

⇤1

�`23

⇤2

�`23

⇤2

�q23

⇤2
�
2
q12

⇤2
1

�
2
q23

⇤2
2

�`23

⇤2

�q23

⇤2
1

1

CCCCCCA
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d
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1
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d
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• When these four hyperons (scalars) get VEVs, SM flavour structure is dynamically generated (also 
in up and charged lepton sectors)

<latexit sha1_base64="Qf6dYkORVKSgdx7dFh8l1J005ZU="></latexit>

�`12 ⇠ (�1

2
,
1

2
, 0)

<latexit sha1_base64="IXCZzpCFT7V0NdpUNy5IQ2IcCZc="></latexit>

�q12 ⇠ (�1

6
,
1

6
, 0)

Neutrino masses and mixings also included Please ask!

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

<latexit sha1_base64="SC4nVgqDRcxMKZPIDy8UmEpNH8U="></latexit>

q2H
d
3d

c
2 ⇠ (0,

1

2
,�1

2
)

• Add “23 hyperons”                                   and  
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Tri-hypercharge: UV-complete models

‣Completion via -singlet VL fermions 
‣Most simple scalar sector and potential

SU(2)

<latexit sha1_base64="4lyGIJ9D38j+QyzWxIgb/QGzjbs="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 -1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

D12 -1/6 1/2 0 (3,1)
D13 -1/6 0 1/2 (3,1)
D23 0 -1/6 1/2 (3,1)

E12 1/2 1/2 0 (1,1)
E13 1/2 0 1/2 (1,1)
E23 0 1/2 1/2 (1,1)

<latexit sha1_base64="YNUFOauk8YDMboDLpjpDO6jn2hk="></latexit>

H
d
3 �`23

q2 D23 D23 d
c
2

Model 1



Mario Fernández Navarro Flavour deconstruction and gauge unification 5

Tri-hypercharge: UV-complete models

‣Completion via -singlet VL fermions 
‣Most simple scalar sector and potential

SU(2)

‣Minimal number of  degrees of  freedom and 
representations 

‣Diagonal down-quark and charged lepton 
mass matrices

<latexit sha1_base64="4lyGIJ9D38j+QyzWxIgb/QGzjbs="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 -1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

D12 -1/6 1/2 0 (3,1)
D13 -1/6 0 1/2 (3,1)
D23 0 -1/6 1/2 (3,1)

E12 1/2 1/2 0 (1,1)
E13 1/2 0 1/2 (1,1)
E23 0 1/2 1/2 (1,1)

<latexit sha1_base64="1We7M4J3QmiYp8fHrWqPISmKGSc="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
d
2 0 �1/2 0 (1,2)

H
d
1 �1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

<latexit sha1_base64="YNUFOauk8YDMboDLpjpDO6jn2hk="></latexit>

H
d
3 �`23

q2 D23 D23 d
c
2

<latexit sha1_base64="2tMwiZmC5FlciIE/yZepP6V4Xgk="></latexit>

�`23 H
d
3

q2 d
c
2

H
d
2

H̃
d
2

Model 1 Model 2
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Tri-hypercharge: UV-complete models

<latexit sha1_base64="tJoFIfDdhDiQcv4z6K6dsZ7/Mjg="></latexit>

�q23 H
u,d
3

q2 Q3 Q3
u
c
3, d

c
3

‣Completion via -singlet VL fermions 
‣Most simple scalar sector and potential

SU(2)

‣Minimal number of  degrees of  freedom and 
representations 

‣Diagonal down-quark and charged lepton 
mass matrices

<latexit sha1_base64="4lyGIJ9D38j+QyzWxIgb/QGzjbs="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 -1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

D12 -1/6 1/2 0 (3,1)
D13 -1/6 0 1/2 (3,1)
D23 0 -1/6 1/2 (3,1)

E12 1/2 1/2 0 (1,1)
E13 1/2 0 1/2 (1,1)
E23 0 1/2 1/2 (1,1)

‣Same matter under each hypercharge 
‣Pheno safe (minimal breaking of  ) 
‣ -doublets VL quarks

U(2)5

SU(2)

<latexit sha1_base64="L45F1W/aBtYhrZxjtpSc7icJhfE="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
u,d
2 0 ±1/2 0 (1,2)

H
u,d
1 ±1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)
�q13 -1/6 0 1/6 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`12 -1/2 1/2 0 (1,1)
�`13 -1/2 0 1/2 (1,1)
�`23 0 -1/2 1/2 (1,1)

Q1 1/6 0 0 (3,2)
Q2 0 1/6 0 (3,2)
Q3 0 0 1/6 (3,2)

<latexit sha1_base64="1We7M4J3QmiYp8fHrWqPISmKGSc="></latexit>

Field U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

H
u,d
3 0 0 ±1/2 (1,2)

H
d
2 0 �1/2 0 (1,2)

H
d
1 �1/2 0 0 (1,2)

�q12 -1/6 1/6 0 (1,1)
�`12 -1/2 1/2 0 (1,1)
�q23 0 -1/6 1/6 (1,1)
�`23 0 -1/2 1/2 (1,1)

U12 -1/6 -1/2 0 (3,1)
U13 -1/6 0 -1/2 (3,1)
U23 0 -1/6 -1/2 (3,1)

<latexit sha1_base64="YNUFOauk8YDMboDLpjpDO6jn2hk="></latexit>

H
d
3 �`23

q2 D23 D23 d
c
2

<latexit sha1_base64="2tMwiZmC5FlciIE/yZepP6V4Xgk="></latexit>

�`23 H
d
3

q2 d
c
2

H
d
2

H̃
d
2

Model 1 Model 2 Model 3
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<latexit sha1_base64="r+QAWMebpa8uovyqHJRDp5TGL9A=">AAAFA3icrVRNb9MwGPbaACN8rIMjF4sKNA5USSoNLkgTcOCCNCS6DdUlchyntep8zHYmIstHDlzhZ3BDXPkh/Ar+AAectGjQdmyVsGTp0fs+z/u+fpw4KjiTyvO+b7TazqXLVzavuteu37i51dm+dSDzUhA6IDnPxVGEJeUsowPFFKdHhaA4jTg9jKbP6vzhCRWS5dlrVRV0lOJxxhJGsLKhcLv1Ew3dN6GOzRPEaaJ2UETHLN NYCFwZTQgxLgm175u3lqNRzGTBcSVVxSlEicBEo2LCQo0o535gjH4Z6udW0DfGzPINwcwYQf+UYcnGwPuQNPjM8r/lx2tVr2FTfaEmacR1s7WqHy+VRshFJ7LAhOqHXs8nad3s3IhV2QmCtd1svFrNV4zH9MxjnNdklWX1hBe4kH/J+xe4z/9nKcJFIfJ3Xp08hXaO/mwOF9Esnn/SSLDxRD1w0ch13bDT9Xpes+Ay8OegC+ZrP+z8QHFOypRminAs5dD3CjWypRUjnNpGpaR2uCke06GFGU6pHOnmNzXwno3EMMmF3ZmCTfRPhcaplFUaWWaK1UQu5urgylyU51OFI7kqOSxV8nikWVaUimZkNkVScqhyWD8IMGaCEsUrCzARzB4Ekgm2N6Xss1E75C/6sQwOgp6/29t9FXT3ns692gR3wF2wA3zwCOyBF2AfDABpk/aH9sf2J+e989n54nydUVsbc81t8Ndyvv0Cv0W50w==</latexit>

Yd =

0

BBBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD12

�̃q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCCA

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)
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‣Fit SM flavour structure via three naturally small parameters 
(includes also up-quarks and charged leptons):

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w=">AAACZHicbVFNaxsxEJW3TZtuk8Zt6KlQlphADsHsOpD2UgjppZdCCnUSsLZGK8/aIpJ2kWZLjNBP7A/oH8gfyLWFatc+NB8DQm/evNEMT0UthcU0/d2LnjzdePZ880X8cmv71U7/9ZtzWzWGw5hXsjKXBbMghYYxCpRwWRtgqpBwUVx9busXP8FYUenvuKwhV2yuRSk4w0BN+3M6iWlpGHdq6kbet9eR958owjV2z7vKMD0H71 YyKkMmgdYLERqOPDVd7t3XLvXUChU0qpixH+1L9PAwpnk87Q/SYdpF8hBkazAg6zib9m/orOKNAo1cMmsnWVpj7phBwcO4mDYWasav2BwmAWqmwOau29gn+4GZJWVlwtGYdOz/HY4pa5eqCErFcGHv11rysdqkwfJj7oSuGwTNV4PKRiZYJa27yUwY4CiXATBuRNg14QsWfMPwB3emXK9WbY3J7tvwEJyPhtnx8PjbaHByurZok7wje+SAZOQDOSFfyBkZE05+kVvyh/zt3URb0W70diWNeuueXXInovf/AABavR0=</latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="KI/MORgHSR++zG1ZTbGvoIeWtoM=">AAAFd3icrVRdb9MwFPXWdhvhYx088kBExVQeqJIUDV6QJuCBF6Qh0W2oLpHjOK0152O2MzWy/EN544n/wBvOB9qWtULALEU6uvfce4/PVRxkjArpON82Njvd3tb2zh3r7r37D3b7ew+PRZpzTCY4ZSk/DZAgjCZkIqlk5DTjBMUBIyfB2bsyf3JBuKBp8lkWGZnFaJ7QiGIkTcjf6xRwan3xVajfQEYiOYQBmdNEIc5RoRXGWF </latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD12

�̃q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA
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‣Fit SM flavour structure via three naturally small parameters 
(includes also up-quarks and charged leptons):

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w=">AAACZHicbVFNaxsxEJW3TZtuk8Zt6KlQlphADsHsOpD2UgjppZdCCnUSsLZGK8/aIpJ2kWZLjNBP7A/oH8gfyLWFatc+NB8DQm/evNEMT0UthcU0/d2LnjzdePZ880X8cmv71U7/9ZtzWzWGw5hXsjKXBbMghYYxCpRwWRtgqpBwUVx9busXP8FYUenvuKwhV2yuRSk4w0BN+3M6iWlpGHdq6kbet9eR958owjV2z7vKMD0H71 YyKkMmgdYLERqOPDVd7t3XLvXUChU0qpixH+1L9PAwpnk87Q/SYdpF8hBkazAg6zib9m/orOKNAo1cMmsnWVpj7phBwcO4mDYWasav2BwmAWqmwOau29gn+4GZJWVlwtGYdOz/HY4pa5eqCErFcGHv11rysdqkwfJj7oSuGwTNV4PKRiZYJa27yUwY4CiXATBuRNg14QsWfMPwB3emXK9WbY3J7tvwEJyPhtnx8PjbaHByurZok7wje+SAZOQDOSFfyBkZE05+kVvyh/zt3URb0W70diWNeuueXXInovf/AABavR0=</latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="4xnHP4sUNLKbyiZ+1pW5Yv6OTMc=">AAAF8XicvVTLbtNAFHXbBIp5pbBkYxGByoLIdlBhg1QBCzZIRSJtIROs8fg6GXX86My4xBpZYgt/wA6x5Yv4AX6AH2D8QG2TVCkPMZKlo3vPPff4Xnv8lFEhbfvbyupaq33h4vol8/KVq9eudzZu7Iok4wQGJGEJ3/exAEZjGEgqGeynHHDkM9jzD56W+b0j4IIm8SuZpzCK8DimISVY6pC3sfYDDc3XngqKx4hBKDeRD2MaK8 </latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA
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‣Fit SM flavour structure via three naturally small parameters 
(includes also up-quarks and charged leptons):

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w=">AAACZHicbVFNaxsxEJW3TZtuk8Zt6KlQlphADsHsOpD2UgjppZdCCnUSsLZGK8/aIpJ2kWZLjNBP7A/oH8gfyLWFatc+NB8DQm/evNEMT0UthcU0/d2LnjzdePZ880X8cmv71U7/9ZtzWzWGw5hXsjKXBbMghYYxCpRwWRtgqpBwUVx9busXP8FYUenvuKwhV2yuRSk4w0BN+3M6iWlpGHdq6kbet9eR958owjV2z7vKMD0H71 YyKkMmgdYLERqOPDVd7t3XLvXUChU0qpixH+1L9PAwpnk87Q/SYdpF8hBkazAg6zib9m/orOKNAo1cMmsnWVpj7phBwcO4mDYWasav2BwmAWqmwOau29gn+4GZJWVlwtGYdOz/HY4pa5eqCErFcGHv11rysdqkwfJj7oSuGwTNV4PKRiZYJa27yUwY4CiXATBuRNg14QsWfMPwB3emXK9WbY3J7tvwEJyPhtnx8PjbaHByurZok7wje+SAZOQDOSFfyBkZE05+kVvyh/zt3URb0W70diWNeuueXXInovf/AABavR0=</latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="AGSsekxSXromKa7U68jdcdOd8v8="></latexit>

m1

m3
=

h�12i
M12,13

h�23i
M12,13

⇠ �5 ) h�23i
M12,13
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<latexit sha1_base64="k9DDTxoowMmy5FJdmy/hnYo2Xdw=">AAAGAHicvVTNbtNAEHaLA8X8NIUjF4sIVA5EtoMKF6QKOHBBKhJpi7LBWq/Hyarrn+6uS6yVL7wAV3gDbogrb8IL8BysHUtNk1QpP2IkS+OZ+b75dsbeIGNUSMf5sbZ+yWxdvrJx1bp2/cbNzfbWrX2R5pxAn6Qs5YcBFsBoAn1JJYPDjAOOAwYHwdHzKn9wAlzQNHkjiwyGMR4lNKIESx3yt8x1NLDe+iosnyIGkdxGAYxooj </latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23
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cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13
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MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23
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1
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‣Fixed relation between VEVs is predicted:

‣Fit SM flavour structure via three naturally small parameters 
(includes also up-quarks and charged leptons):

<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w=">AAACZHicbVFNaxsxEJW3TZtuk8Zt6KlQlphADsHsOpD2UgjppZdCCnUSsLZGK8/aIpJ2kWZLjNBP7A/oH8gfyLWFatc+NB8DQm/evNEMT0UthcU0/d2LnjzdePZ880X8cmv71U7/9ZtzWzWGw5hXsjKXBbMghYYxCpRwWRtgqpBwUVx9busXP8FYUenvuKwhV2yuRSk4w0BN+3M6iWlpGHdq6kbet9eR958owjV2z7vKMD0H71 YyKkMmgdYLERqOPDVd7t3XLvXUChU0qpixH+1L9PAwpnk87Q/SYdpF8hBkazAg6zib9m/orOKNAo1cMmsnWVpj7phBwcO4mDYWasav2BwmAWqmwOau29gn+4GZJWVlwtGYdOz/HY4pa5eqCErFcGHv11rysdqkwfJj7oSuGwTNV4PKRiZYJa27yUwY4CiXATBuRNg14QsWfMPwB3emXK9WbY3J7tvwEJyPhtnx8PjbaHByurZok7wje+SAZOQDOSFfyBkZE05+kVvyh/zt3URb0W70diWNeuueXXInovf/AABavR0=</latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="AGSsekxSXromKa7U68jdcdOd8v8="></latexit>

m1

m3
=

h�12i
M12,13

h�23i
M12,13

⇠ �5 ) h�23i
M12,13

⇠ �4

<latexit sha1_base64="k9DDTxoowMmy5FJdmy/hnYo2Xdw=">AAAGAHicvVTNbtNAEHaLA8X8NIUjF4sIVA5EtoMKF6QKOHBBKhJpi7LBWq/Hyarrn+6uS6yVL7wAV3gDbogrb8IL8BysHUtNk1QpP2IkS+OZ+b75dsbeIGNUSMf5sbZ+yWxdvrJx1bp2/cbNzfbWrX2R5pxAn6Qs5YcBFsBoAn1JJYPDjAOOAwYHwdHzKn9wAlzQNHkjiwyGMR4lNKIESx3yt8x1NLDe+iosnyIGkdxGAYxooj </latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA

Highly non-generic



Mario Fernández Navarro Flavour deconstruction and gauge unification 6

‣Fixed relation between VEVs is predicted:

<latexit sha1_base64="OuC0h8dao2mQtGsLNVzHYF0kwGc=">AAACI3icZVDLSsNAFJ3UV42vqEs3g6VQQUrSRXVZdOPOCn0ISSiT6bQdOnkwMxFLyBf4HX6AW/0Ed+LGhWt/w0kawbYHBs6ce8+duceLGBXSNL+00tr6xuZWeVvf2d3bPzAOj3oijDkmXRyykN97SBBGA9KVVDJyH3GCfI+Rvje9zur9B8IFDYOOnEXE9dE4oCOKkVTSwKg6tu74SE4wYsltWrNM5zy/cz/pkF56pjuurg+Milk3c8BVYhWkAgq0B8aPMwxx7JNAYoaEsC0zkm6CuKSYkVR3YkEihKdoTGxFA+QT4Sb5OimsKmUIRyFXJ5AwV/87EuQLMfM91Zn9VCzXMjGFC+rj3+gVgx3L0aWb0CCKJQnw/PVRzKAMYRYYHFJOsGQzRRDmVC0A8QRxhKWKNUvGWs5hlfQadatZb941Kq2rIqMyOAGnoAYscAFa4Aa0QRdg8ARewCt40561d+1D+5y3lrTCcwwWoH3/AhmHow0=</latexit>

O(10TeV)

<latexit sha1_base64="LZlueR12863HrWmLKZDJkXm/7t4=">AAACGHicZVDLSsNAFJ3UV42vqDvdDBbBhZSkSOuy6EKXFewDklAm02k7dCYJMxOxhILf4Qe41U9wJ27d+QX+hpM2gm0PDBzOvefeuSeIGZXKtr+Nwsrq2vpGcdPc2t7Z3bP2D1oySgQmTRyxSHQCJAmjIWkqqhjpxIIgHjDSDkbXWb39QISkUXivxjHxORqEtE8xUlrqWkeeazq1C+/c40gNBU9vSGtier5pml2rZJftKeAycXJSAjkaXevH60U44SRUmCEpXceOlZ8ioShmRE9NJIkRHqEBcTUNESfST6c3TOCpVnqwHwn9QgWn6n9HiriUYx7ozuyncrGWiRM4pz7+jV4yuInqX/opDeNEkRDPtvcTBlUEs5RgjwqCFRtrgrCg+gCIh0ggrHSWWTLOYg7LpFUpO9Vy9a5Sql/lGRXBMTgBZ8ABNVAHt6ABmgCDJ/ACXsGb8Wy8Gx/G56y1YOSeQzAH4+sXpkWeCQ==</latexit>

174GeV

<latexit sha1_base64="6fDhEza8XHaahNa7NWUThALnQuo=">AAACJnicZZDLSsNAFIYn9VbjLerSzWARKkiZdFFdFt24s0JvkIQymU7boZMLMxOxhLyCz+EDuNVHcCfizp2vYZJGsO0PAz/fOWdmzu+GnEmF0JdWWlvf2Nwqb+s7u3v7B8bhUVcGkSC0QwIeiL6LJeXMpx3FFKf9UFDsuZz23OlNVu89UCFZ4LfVLKSOh8c+GzGCVYoGRtW2dNvDakIwj++SqokQsi9yIry4TbvJuW47uq4PjAqqoVxw1ZiFqYBCrYHxYw8DEnnUV4RjKS0ThcqJsVCMcJrodiRpiMkUj6mVWh97VDpxvlECz1IyhKNApMdXMKf/J2LsSTnz3LQz+6pcrmUwgQv08e/qlQErUqMrJ2Z+GCnqk/nro4hDFcAsMzhkghLFZ6nBRLB0AUgmWGCi0mSzZMzlHFZNt14zG7XGfb3SvC4yKoMTcAqqwASXoAluQQt0AAFP4AW8gjftWXvXPrTPeWtJK2aOwYK0719S76OV</latexit>

O(1000TeV)

<latexit sha1_base64="N8hAX0H7tkrw+4URDL1oA+W5Zbo=">AAACKHicZZDLSsNAFIYn9VbjLerSzWARqkhJilSXRTfurNAbJLFMppN26OTCzEQsIe/gc/gAbvUR3Em3bnwNkzSCtT8M/HznnJk5vxMyKqSuz5TSyura+kZ5U93a3tnd0/YPuiKIOCYdHLCA9x0kCKM+6UgqGemHnCDPYaTnTG6yeu+RcEEDvy2nIbE9NPKpSzGSKRpoZ5apWh6SY4xYfJdUDf0hvkis85xxL26TbnKqWraqqgOtotf0XHDZGIWpgEKtgfZtDQMcecSXmCEhTEMPpR0jLilmJFGtSJAQ4QkaETO1PvKIsON8pwSepGQI3YCnx5cwp38nYuQJMfWctDP7qvhfy2ACF+jT79VLA2Yk3Ss7pn4YSeLj+etuxKAMYJYaHFJOsGTT1CDMaboAxGPEEZZptlkyxv8clk23XjMatcZ9vdK8LjIqgyNwDKrAAJegCW5BC3QABs/gFbyBd+VF+VA+ldm8taQUM4dgQcrXD6AJpNM=</latexit>

O(104 TeV)

<latexit sha1_base64="5lvz5gXrp1Wzo0jQbuHnz9lUne0="></latexit>

vSM ⇠ hHu,di

<latexit sha1_base64="+ovCUqMEgc0MxAnRgGnQTRoTExk="></latexit>

v12 ⇠ h�q12i, h�`12i, MU23,D23,E23

<latexit sha1_base64="2IVeTIekPo0GwQZwfzGs9LU3G3E="></latexit>

v23 ⇠ h�q23i, h�`23i

<latexit sha1_base64="i5ixYpGE1ICV4vsMFmOyTliB2/8=">AAACEXicbZDLSsNAFIYn9VbjLerSzWARuiglqVBdFi/gRqhg2kIbwmQ6aYdOLsxMhBL6Cm58FTcuFHHrzp1v46SNoq0/DHz855yZOb8XMyqkaX5qhaXlldW14rq+sbm1vWPs7rVElHBMbByxiHc8JAijIbEllYx0Yk5Q4DHS9kbnWb19R7igUXgrxzFxAjQIqU8xkspyjXKvq1+7qe2mVq1iHU8qFz90+U0TveforlEyq+ZUcBGsHEogV9M1Pnr9CCcBCSVmSIiuZcbSSRGXFDOi7kwEiREeoQHpKgxRQISTTjeawCPl9KEfcXVCCafu74kUBUKMA091BkgOxXwtM/+rdRPpnzopDeNEkhDPHvITBmUEs3hgn3KCJRsrQJhT9VeIh4gjLFWIWQjW/MqL0KpVrXq1flMrNc7yOIrgAByCMrDACWiAK9AENsDgHjyCZ/CiPWhP2qv2NmstaPnMPvgj7f0LTWKZig==</latexit>

MU12,13,D12,13,E12,13

<latexit sha1_base64="0T4V8qwaMwxdqI3oBuGGD8DHYlk="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="BHa+atPsjrLUHFiPC4RV+mx+npU="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y⌘Y1+Y2+Y3

<latexit sha1_base64="KF5l4uJ9xX1NneWzjjKxftlK32Q="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y12⌘Y1+Y2 ⇥ U(1)Y3

Spectrum up to           variations
<latexit sha1_base64="wSRHvzPs7fWI29wo9sIpqBQG//g=">AAACGXicbVDLSsNAFJ34rPEVFVdugkVwVRKR6rIogssK9gFtKJPpbTt08mDmRlpCvsSVW/0Kd+LWlR/hP5ikEbT1wIXDOffOnXvcUHCFlvWpLS2vrK6tlzb0za3tnV1jb7+pgkgyaLBABLLtUgWC+9BAjgLaoQTquQJa7vg681sPIBUP/HuchuB4dOjzAWcUU6lnHHYRJpi/EyNQkcQ3ia73jLJVsXKYi8QuSJkUqPeMr24/YJEHPjJBlerYVohOTCVyJiDRu5GCkLIxHUInpT71QDlxvjYxT1Klbw4CmZaPZq7+noipp9TUc9NOj+JIzXuZ+K83+VmwYHUiHFw6MffDCMFnsz8MImFiYGYxmX0ugaGYpoQyydMzTDaikjJMw8zysefTWCTNs4pdrVTvzsu1qyKpEjkix+SU2OSC1MgtqZMGYSQmT+SZvGiP2qv2pr3PWpe0YuaA/IH28Q00OaDJ</latexit>

E

<latexit sha1_base64="oXHG/RNWmaSNU8p/ZSWwV8Fh+O0=">AAACIXicZVDLSsNAFJ34tr6qLt0MVkE3JXGhLotu3KlgrdCWMpnetIOTSZi5kZaQD/A7/AC3+gnuxJ34Af6Gk1jBtgcGDuee+5jjx1IYdN1PZ2Z2bn5hcWm5tLK6tr5R3ty6NVGiOdR5JCN95zMDUiioo0AJd7EGFvoSGv79eV5vPIA2IlI3OIyhHbKeEoHgDK3UKVf2WggDLAalCExmaStk2OdMppfZgXeY7ZWsy626Beg08UakQka46pS/W92IJyEo5JIZ0/TcGNsp0yi4hKzUSgzEjN+zHjQtVSwE006LGzK6b5UuDSJtn0JaqP87UhYaMwx968wPNZO1XMzomDr4Gz3V0EwwOG2nQsUJguK/24NEUoxoHhftCg0c5dASxrWwH6C8zzTjaEPNk/Emc5gmt0dV77h6fH1UqZ2NMloiO2SXHBCPnJAauSBXpE44eSTP5IW8Ok/Om/PufPxaZ5xRzzYZg/P1A08fo+U=</latexit>

O(1)

‣Fit SM flavour structure via three naturally small parameters 
(includes also up-quarks and charged leptons):

<latexit sha1_base64="AklXOREWXT/d7P9tjxVyAS0342Q="></latexit>

h�23i
h�12i

⇠ �3 ⇡ 0.01

Model 1 spectrum
<latexit sha1_base64="UzWGKCpsNy6zPUdvtiv5hsJJYpU="></latexit>

Yu = Yd(d ! u,D ! U)
<latexit sha1_base64="U65hQs9odog88yw+gOKAtbYPBME="></latexit>

Ye = Yd(d ! e, q ! `, D ! E)

<latexit sha1_base64="/Gx5qR4Zjw+/n7EkkYtcg/Nla9w=">AAACZHicbVFNaxsxEJW3TZtuk8Zt6KlQlphADsHsOpD2UgjppZdCCnUSsLZGK8/aIpJ2kWZLjNBP7A/oH8gfyLWFatc+NB8DQm/evNEMT0UthcU0/d2LnjzdePZ880X8cmv71U7/9ZtzWzWGw5hXsjKXBbMghYYxCpRwWRtgqpBwUVx9busXP8FYUenvuKwhV2yuRSk4w0BN+3M6iWlpGHdq6kbet9eR958owjV2z7vKMD0H71 YyKkMmgdYLERqOPDVd7t3XLvXUChU0qpixH+1L9PAwpnk87Q/SYdpF8hBkazAg6zib9m/orOKNAo1cMmsnWVpj7phBwcO4mDYWasav2BwmAWqmwOau29gn+4GZJWVlwtGYdOz/HY4pa5eqCErFcGHv11rysdqkwfJj7oSuGwTNV4PKRiZYJa27yUwY4CiXATBuRNg14QsWfMPwB3emXK9WbY3J7tvwEJyPhtnx8PjbaHByurZok7wje+SAZOQDOSFfyBkZE05+kVvyh/zt3URb0W70diWNeuueXXInovf/AABavR0=</latexit>

m2

m3
=

h�23i
M23

⇠ �3 ,

<latexit sha1_base64="BxsQa7sGv2m+LZ7OhzYD+CpTHtU="></latexit>

sin ✓c =
Vub

Vcb
=

h�12i
M12,13

⇠ �

<latexit sha1_base64="AGSsekxSXromKa7U68jdcdOd8v8="></latexit>

m1

m3
=

h�12i
M12,13

h�23i
M12,13

⇠ �5 ) h�23i
M12,13

⇠ �4

<latexit sha1_base64="k9DDTxoowMmy5FJdmy/hnYo2Xdw=">AAAGAHicvVTNbtNAEHaLA8X8NIUjF4sIVA5EtoMKF6QKOHBBKhJpi7LBWq/Hyarrn+6uS6yVL7wAV3gDbogrb8IL8BysHUtNk1QpP2IkS+OZ+b75dsbeIGNUSMf5sbZ+yWxdvrJx1bp2/cbNzfbWrX2R5pxAn6Qs5YcBFsBoAn1JJYPDjAOOAwYHwdHzKn9wAlzQNHkjiwyGMR4lNKIESx3yt8x1NLDe+iosnyIGkdxGAYxooj </latexit>

Yd =

0

BBBB@

cd11
�`12

MD13

�`23

MD12

cd12
�q12

MD13

�`23

MD23

cd13
�q12

MD13

�q23

MD23

cd21
�`12

MD13

e�q12

MD13

�`23

MD23

cd22
�`23

MD23

cd23
�q23

MD23

⇡ 0 ⇡ 0 cd33

1

CCCCA

Highly non-generic
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<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

7

Phenomenology



Mario Fernández Navarro Flavour deconstruction and gauge unification

<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

7

‣        is lighter and protected by accidental            symmetry
<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="Ii67c3Gu/ve9oinDnKczOZ/4KWY=">AAACJnicbVDLSsNAFJ34rPEVdelmaBHqpiQFq8uiG5cVTFtIY5lMJ+3QySTMTMQSuvdTXLnVr3An4s4f8B+ctBW07YELh3Pu5d57goRRqWz701hZXVvf2Cxsmds7u3v71sFhU8apwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvMr91j0Rksb8Vo0S4keoz2lIMVJa6lrFjme65erpXXY2Nju+uQRdq2RX7AngInFmpARmaHSt704vxmlEuMIMSek5dqL8DAlFMSN6TSpJgvAQ9YmnKUcRkX42+WUMT7TSg2EsdHEFJ+rfiQxFUo6iQHdGSA3kvJeLS72H3wULlpeq8MLPKE9SRTie3hCmDKoY5pnBHhUEKzbSBGFB9RsQD5BAWOlk83yc+TQWSbNacWqV2k21VL+cJVUAx6AIysAB56AOrkEDuACDR/AMXsCr8WS8Ge/Gx7R1xZjNHIF/ML5+AICgnck=</latexit>

U(2)5

Phenomenology



Mario Fernández Navarro Flavour deconstruction and gauge unification

<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

7

‣        is lighter and protected by accidental            symmetry
• Tested by dilepton tails at hadron colliders or EWPOs 

(independent of  UV-completion) - bounds of  order TeV
<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23

<latexit sha1_base64="Ii67c3Gu/ve9oinDnKczOZ/4KWY=">AAACJnicbVDLSsNAFJ34rPEVdelmaBHqpiQFq8uiG5cVTFtIY5lMJ+3QySTMTMQSuvdTXLnVr3An4s4f8B+ctBW07YELh3Pu5d57goRRqWz701hZXVvf2Cxsmds7u3v71sFhU8apwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvMr91j0Rksb8Vo0S4keoz2lIMVJa6lrFjme65erpXXY2Nju+uQRdq2RX7AngInFmpARmaHSt704vxmlEuMIMSek5dqL8DAlFMSN6TSpJgvAQ9YmnKUcRkX42+WUMT7TSg2EsdHEFJ+rfiQxFUo6iQHdGSA3kvJeLS72H3wULlpeq8MLPKE9SRTie3hCmDKoY5pnBHhUEKzbSBGFB9RsQD5BAWOlk83yc+TQWSbNacWqV2k21VL+cJVUAx6AIysAB56AOrkEDuACDR/AMXsCr8WS8Ge/Gx7R1xZjNHIF/ML5+AICgnck=</latexit>

U(2)5

[see EW global fit and FCC-ee projections in Davighi and Stefanek, 2305.113344]
2 4 6 8 10

0.5

1.0

1.5

2.0

Phenomenology

https://arxiv.org/abs/2305.16280
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<latexit sha1_base64="hH0FoD4wxjqIW8QOsJhI875HdYA="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

v12! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2 ⇥ U(1)Y3 + Z 0
12

v23! SU(3)c ⇥ SU(2)L ⇥ U(1)Y1+Y2+Y3 + Z 0
23 + Z 0

12

7

‣        is lighter and protected by accidental            symmetry
• Tested by dilepton tails at hadron colliders or EWPOs 

(independent of  UV-completion) - bounds of  order TeV
<latexit sha1_base64="HWq7xUTXnEbPIrba1I/b7n1EvNo="></latexit>

gY =
g12g3p
g212 + g23

' 0.36 (MZ)
<latexit sha1_base64="DWfs3oH9rgb6e4Z7SHzwwlagBp0="></latexit>

g12 =
g1g2p
g21 + g22

<latexit sha1_base64="ysE9murs1kNRMVk1E3ROxgbz2yY=">AAACNHicbVDLSsNAFJ34rPVVdekmWERXJalQXRbduKxgH9iGMpnetEMnD2ZupCXkN/wUV271HwR34lK/wWlaQVsPDBzOua85biS4Qst6NZaWV1bX1nMb+c2t7Z3dwt5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1cRv3oNUPAxucRyB49N+wD3OKGqpW7A67XwHYYTZqMQVMaTJ3Uk3KZ+lab7j5OfRLRStkpXBXCT2jBTJDLVu4bPTC1nsQ4BMUKXathWhk1CJnAnQO2IFEWVD2oe2pgH1QTlJdk5qHmulZ3qh1C9AM1N/dyTUV2rsu7rSpzhQ895E/Ncb/SxYsNoxehdOwoMoRgjY9AYvFiaG5iRBs8clMBRjTSiTXH/DZAMqKUOd8yQfez6NRdIol+xKqXJTLlYvZ0nlyCE5IqfEJuekSq5JjdQJIw/kiTyTF+PReDPejY9p6ZIx6zkgf2B8fQPlUqXp</latexit>

Z 0
23
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• Gauge sector of  flavour deconstructed models may contain up to 9 gauge couplings:  
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• Note that the model must have the same matter under each site.

+ hyperons and VL fermions of  tri-hypercharge model 3
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T1 10 1 1
T2 1 10 1
T3 1 1 10

⌦1 24 1 1
⌦2 1 24 1
⌦3 1 1 24

H1 5 1 1
H2 1 5 1
H3 1 1 5

: an explicit exampleSU(5)3
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<latexit sha1_base64="pENeEy+Gk9X3AJnhOi1MdiRz1GM="></latexit>

SU(5)3

v24��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1 ⇥ U(1)2 ⇥ U(1)3
v12��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2 ⇥ U(1)3
v23��! SU(3)1+2+3 ⇥ SU(2)1+2+3 ⇥ U(1)1+2+3 .

• Note that the model must have the same matter under each site.
• An example: embedding tri-hypercharge at the GUT scale into 

+ hyperons and VL fermions of  tri-hypercharge model 3

<latexit sha1_base64="OEzFPNz4bv2DyYkgYCfxOm1YtkA=">AAACH3icbVDLSsNAFJ34rPEVddlNsAh1E5KK1WXRjcuKpi0ksUymk3boZBJmJmIJXfgprtzqV7gTt/0I/8GkjaitBy4czrmXe+/xY0qENM2JsrS8srq2XtpQN7e2d3a1vf2WiBKOsI0iGvGODwWmhGFbEklxJ+YYhj7FbX94mfvte8wFiditHMXYC2GfkYAgKDOpq5VdR72xq6fHd+nJ2FBdT/1BV6uYhjmFvkisglRAgWZX+3R7EUpCzCSiUAjHMmPppZBLgigeq24icAzREPaxk1EGQyy8dPrEWD/KlJ4eRDwrJvWp+nsihaEQo9DPOkMoB2Ley8V/vYfvBQuWk8jg3EsJixOJGZrdECRUl5Geh6X3CMdI0lFGIOIke0NHA8ghklmkeT7WfBqLpFUzrLpRv65VGhdFUiVQBoegCixwBhrgCjSBDRB4BM/gBbwqT8qb8q58zFqXlGLmAPyBMvkCoZadqw==</latexit>

SU(5)3.

<latexit sha1_base64="40SQJDVaftdgyhcCx3ExnwiQGbA=">AAAFa3icfVTdbtMwFM7GClv429gdcGFRVeKiq9pJDG4qTfxpmrgY0rpNasN04pw0po4d2Q5bifJOPA0SV/ACvAMnXZGWrtqREn3n87F9fM5nh5kU1nW7v1ZW76w17t5b3/DvP3j46PHm1pMTq3PDccC11OYsBItSKBw44SSeZQYhDSWehpN31fjpNzRWaHXsphkGKYyViAUHR9T55uFo6H88L0Q5MmKcODBGX7CoIr4UvBzpTO </latexit>

Fi ! dci � `i
<latexit sha1_base64="AjTaVEHuKKn3xDyFKRLOTQgAxi4="></latexit>

Ti ! qi � uc
i � eci

<latexit sha1_base64="czYWfakdAWiomjWsIGiYCN1uxOI="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5̄ 1 1
F2 1 5̄ 1
F3 1 1 5̄
T1 10 1 1
T2 1 10 1
T3 1 1 10

⌦1 24 1 1
⌦2 1 24 1
⌦3 1 1 24

H1 5 1 1
H2 1 5 1
H3 1 1 5

: an explicit exampleSU(5)3

Can do both diagonal and vertical symmetry 
breaking thanks to cyclic symmetry
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="1VgUuEpu1gRscPsfro3b4yp4RhA="></latexit>

SU(5)3
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="1VgUuEpu1gRscPsfro3b4yp4RhA="></latexit>

SU(5)3
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

<latexit sha1_base64="1VgUuEpu1gRscPsfro3b4yp4RhA="></latexit>

SU(5)3
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• Discontinuities due to gauge coupling 
matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0=">AAAFpXicfVTbbuM2EJV34zardtvs9qntC7GBsSnqGFaC3fbFQNALEBQJkKK5AbbWGFEjm2uKFEgqiUvorT/ZX+hXdGR7AcsxMoCNM4dDai6HTAoprOv3/209e77T/uzz3RfhF1++/OrrvVevr60uDccrrqU2twlYlELhlRNO4m1hEPJE4k0y+7Vev7lDY4VWl25eYJzDRIlMcHBEjff+GQ3DEchiCmNvu2fdqPrgD6Pqx3XuaA </latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)

Example of  gauge coupling unification

GUT scale

Lower if  we consider intermediate scale (ask!)
<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeV

<latexit sha1_base64="1VgUuEpu1gRscPsfro3b4yp4RhA="></latexit>

SU(5)3
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✓A simple option for flavour deconstruction is the tri-hypercharge group:

• Translates SM flavour structure into three simple and correlated NP scales that carry 
meaningful pheno. The lowest scale may be close to TeV.

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Take home messages



Mario Fernández Navarro Flavour deconstruction and gauge unification 11

✓A simple option for flavour deconstruction is the tri-hypercharge group:

• Translates SM flavour structure into three simple and correlated NP scales that carry 
meaningful pheno. The lowest scale may be close to TeV.

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

Take home messages



Mario Fernández Navarro Flavour deconstruction and gauge unification 11

✓A simple option for flavour deconstruction is the tri-hypercharge group:

• Translates SM flavour structure into three simple and correlated NP scales that carry 
meaningful pheno. The lowest scale may be close to TeV.

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

• This is solved if  they arise from GUT “deconstructed” frameworks where the three sites are 
related by a cyclic permutation symmetry, leading to a single gauge coupling in the UV.

• One example of  this is:

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3
Same matter 
under each !SU(5)

Take home messages
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✓A simple option for flavour deconstruction is the tri-hypercharge group:

• Translates SM flavour structure into three simple and correlated NP scales that carry 
meaningful pheno. The lowest scale may be close to TeV.

• However, flavour deconstructed theories may contain up to 9 gauge couplings.

• This is solved if  they arise from GUT “deconstructed” frameworks where the three sites are 
related by a cyclic permutation symmetry, leading to a single gauge coupling in the UV.

• One example of  this is:

✓Flavour deconstructed theories consistent all the way from the EW scale to the GUT scale! 

<latexit sha1_base64="PtaglzzXSx80ySKtKq/CE0YgVg8="></latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y1 ⇥ U(1)Y2 ⇥ U(1)Y3

<latexit sha1_base64="x+mOyuq5i/Ob1SR5qcDCCodzGU0="></latexit>

SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3 ⇥ Z3

Thank you!

Same matter 
under each !SU(5)

Take home messages
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• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.
Backup: Neutrino sector



Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 12

• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Backup: Neutrino sector

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>

H
u
3 �`23 H

u
3

`2
N23 N23 ⌫

c
i ⌫

c
i `3

<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i

�`23

MN23

`2H
u
3 ⌫

c
i + ...+Mij⌫

c
i ⌫

c
j + h.c.



Mario Fernández Navarro Flavour deconstruction from the EW scale to the GUT scale 12

• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1
<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Backup: Neutrino sector

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>
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u
3

`2
N23 N23 ⌫

c
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c
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<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>

L = c3i`3H
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c
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c
i ⌫
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• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1
<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Backup: Neutrino sector

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>
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<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>
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• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1
<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>
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<latexit sha1_base64="6ydy8r9tJuzyvNAYU3CWmcoCnrw="></latexit>

m⌫ ' mDM�1
R mT

D Seesaw mechanism!

<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Backup: Neutrino sector

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>
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<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>
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• Typically, flavour deconstruction imposes selection rules on the Weinberg operator.

• However, this difficulty can be alleviated in UV-complete tri-hypercharge:

✓   

✓No need of  small couplings nor              
being very heavy 

✓No need of  adding extra scalars 

✓

<latexit sha1_base64="dmIgEKO1m7viHZtoGxBzyVDbmo4=">AAACJ3icbVDLSsNAFJ3UV42vqks3wSK4KkkX1WXRjcsK9gFNKJPpTTt08mDmRlpCP8BPceVWv8Kd6NIP8B+ctBW09cDA4Zz7muMngiu07Q+jsLa+sblV3DZ3dvf2D0qHRy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R9e5374HqXgc3eEkAS+kg4gHnFHUUq9UdrumizDG2agMgYpp5tIkkfHYmZquZ5qmrrIr9gzWKnEWpEwWaPRKX24/ZmkIETJBleo6doJeRiVyJkBPTRUklI3oALqaRjQE5WWzC6bWmVb6VhBL/SK0ZurvjoyGSk1CX1eGFIdq2cvFf73xz4IVq5ticOllPEpShIjNbwhSYWFs5aFZfS6BoZhoQpnk+hsWG1JJGepo83yc5TRWSatacWqV2m21XL9aJFUkJ+SUnBOHXJA6uSEN0iSMPJAn8kxejEfj1Xgz3uelBWPRc0z+wPj8Bv+ppcM=</latexit>⇡ 1

<latexit sha1_base64="HLbqObWdIFKs5Wh+wtKp7uSdRI4=">AAACHnicbVDLSsNAFJ3UV42vqDvdDBbBhZQkQhXcFN24rGAfkIQwmU7aoZMHM5NiCQU/xZVb/Qp34lY/wn9w0lbQ1gMXDufcO3PvCVJGhTTNT620tLyyulZe1zc2t7Z3jN29lkgyjkkTJyzhnQAJwmhMmpJKRjopJygKGGkHg+vCbw8JFzSJ7+QoJV6EejENKUZSSb5x4Dr60M8te3zqXipin41119ML+EbFrJoTwEVizUgFzNDwjS+3m+AsIrHEDAnhWGYqvRxxSTEj6t1MkBThAeoRR9EYRUR4+eSGMTxWSheGCVcVSzhRf0/kKBJiFAWqM0KyL+a9QvzXu//5YMFyMhleeDmN00ySGE93CDMGZQKLrGCXcoIlGymCMKfqDIj7iCMsVaJFPtZ8GoukZVetWrV2a1fqV7OkyuAQHIETYIFzUAc3oAGaAIMH8ASewYv2qL1qb9r7tLWkzWb2wR9oH9/SkZ+l</latexit>v12, v23

<latexit sha1_base64="wv6dJZUvvV5d/3rZ4amOScH/Q0A=">AAACLXicbVDLSsNAFJ3UV42vqEs3g0VQkJIUrC6LLnQjVLAPSGKZTKft0MmDmYm0hH6Dn+LKrX6FC0HcuvIfnKQRtPXAwOGce+/ce7yIUSFN800rLCwuLa8UV/W19Y3NLWN7pynCmGPSwCELedtDgjAakIakkpF2xAnyPUZa3vAi9Vv3hAsaBrdyHBHXR/2A9ihGUkkd48ix9WsHRREPR5Z5l1gnE+fY8ZEccD+5JM2J7rh6ho5RMstmBjhPrJyUQI56x/hyuiGOfRJIzJAQtmVG0k0QlxQzogbHgkQID1Gf2IoGyCfCTbKTJvBAKV3YC7l6gYSZ+rsjQb4QY99TlemyYtZLxX+90c8Hc5Ydy96Zm9AgiiUJ8HSHXsygDGEaHexSTrBkY0UQ5lSdAfEAcYSlCjjNx5pNY540K2WrWq7eVEq18zypItgD++AQWOAU1MAVqIMGwOABPIFn8KI9aq/au/YxLS1oec8u+APt8xvo1qXn</latexit>

M ⇡ 1015 GeV

<latexit sha1_base64="b3JwhjmbmRENiBt8TGkgPeAsKWc=">AAACFnicbVDLSsNAFJ3UV42vWJduBovgQkrSRXUjFN24rGAfkIQymU7aoZNJmJlIS+h/uHKrX+FO3Lr1I/wHJ20EbT1w4XDOvdx7T5AwKpVtfxqltfWNza3ytrmzu7d/YB1WOjJOBSZtHLNY9AIkCaOctBVVjPQSQVAUMNINxje5330gQtKY36tpQvwIDTkNKUZKS32r4rkmvXLO66bnmwv0rapds+eAq8QpSBUUaPWtL28Q4zQiXGGGpHQdO1F+hoSimJGZ6aWSJAiP0ZC4mnIUEeln89tn8FQrAxjGQhdXcK7+nshQJOU0CnRnhNRILnu5+K83+VmwYrmpCi/9jPIkVYTjxQ1hyqCKYZ4RHFBBsGJTTRAWVL8B8QgJhJVOMs/HWU5jlXTqNadRa9zVq83rIqkyOAYn4Aw44AI0wS1ogTbAYAKewDN4MR6NV+PNeF+0loxi5gj8gfHxDSN0m3k=</latexit>

i = 1, 2

<latexit sha1_base64="MTdzyL4LE2hPfSEcw26Eb6BKfnQ=">AAADaHicrVJNb9MwGHYaPkb4WAcHhLhYq0BDmqrElQYXpAk47FJpILpNqrPIcZ3WmuME20FUIX+Qf8BfQELiCiecNBnbuiOvFOXx8zyv3w85zgXXxve/Oz33xs1btzfueHfv3X+w2d96eKSzQlE2oZnI1ElMNBNcsonhRrCTXDGSxoIdx2dva/34M1OaZ/KjWeYsTMlc8oRTYiwVbTkUT700Kt9Vr7FgidnBMZtzWRKlyLIq6V dKKw8+h1gWURlUpyWtuhNqThh7eFFXh5gJUXusTu3/HKDG04io5VAnogviqOVGnThClZXkrG0GKz5fmBcHtfO0LCq8u4s/FWQGx1H54T+0f8ky7iYYn0/wL2lFo05H1/bp4dBrI+oP/KHfBFwHQQsGoI3DqP8TzzJapEwaKojW08DPTWjvN5wKZqsVmuWEnpE5m1ooScp0WDavoYLPLDODSabsJw1s2IsZJUm1XqaxdabELPRVrSav1b50BdakaWGSV2HJZV4YJumqh6QQ0GSwfnVwxhWjRiwtIFRxOwakC6IINfZt1vsJrm5jHRyhYbA33HuPBvtv2k1tgKdgG+yAALwE++AAHIIJoM4355fz2/nT++H23cfuk5W157Q5j8ClcLf/AlaoD4U=</latexit>

mD =

0

BB@

⌫
c
1 ⌫

c
2

`1 c11 c12

`2 c21 c22

`3 c31 c32

1

CCAH
u
3 , MR =

0

@
⌫
c
1 ⌫

c
2

⌫
c
1 M11 M12

⌫
c
2 M21 M22

1

A

<latexit sha1_base64="6ydy8r9tJuzyvNAYU3CWmcoCnrw="></latexit>

m⌫ ' mDM�1
R mT

D Seesaw mechanism!

<latexit sha1_base64="6pNZ6J+U12LPtsSlZSBgRRRtlAM="></latexit>

U(1)Y1 U(1)Y2 U(1)Y3 SU(3)c ⇥ SU(2)L

⌫c1 0 0 0 (1,1)
⌫c2 0 0 0 (1,1)

N12 1/2 -1/2 0 (1,1)
N13 1/2 0 -1/2 (1,1)
N23 0 1/2 -1/2 (1,1)

Backup: Neutrino sector

<latexit sha1_base64="9ji14BV1WiByGsAzrPjugKaC02I="></latexit>

H
u
3 �`23 H

u
3

`2
N23 N23 ⌫

c
i ⌫

c
i `3

<latexit sha1_base64="e4HInHOuEhTl7EnCZxWO1wtEnUQ="></latexit>

L = c3i`3H
u
3 ⌫

c
i + c2i

�`23

MN23

`2H
u
3 ⌫

c
i + ...+Mij⌫

c
i ⌫

c
j + h.c.

<latexit sha1_base64="vYQ7MLWIb+Uw93P7gi/M1BCdPTo="></latexit>

MN23 ⇡ v23 & O(10TeV)
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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Backup: Gauge coupling unification
• Discontinuities due to gauge coupling 

matching conditions:

<latexit sha1_base64="7VqHU5KcpVTcdiiBPnrBB6aKeXk=">AAACHXicbVC7TsMwFHV4lvAqMLJEVEhlqZKCCmMFC2OR6AM1UeS4bmvVeci+QVRWf4SFX2FhACEGFsTf4KQdoOVIVz469+kTJJxJsO1vY2l5ZXVtvbBhbm5t7+wW9/ZbMk4FoU0S81h0AiwpZxFtAgNOO4mgOAw4bQejqyzfvqdCsji6hXFCvRAPItZnBIOW/OKZ2zVdoA+Qj1IBx2Q0UW4Q854ch/pRzbJz4qs7X51ONEzXM02/WLIrdg5rkTgzUkIzNPzip9uLSRrSCAjHUnYdOwFPYQGMcKqHppImejMe0K6mEQ6p9FR+0sQ61krP6sdCRwRWrv7uUDiU2a26MsQwlPO5TPwv102hf+EpFiUp0IhMF/VTbkFsZVZZPSYoAT7WBBPB9K0WGWKBCWhDMxOc+S8vkla14tQqtZtqqX45s6OADtERKiMHnaM6ukYN1EQEPaJn9IrejCfjxXg3PqalS8as5wD9gfH1A3s0oh0=</latexit>

U(1)Y3

<latexit sha1_base64="ULJrcgRkS/eu3ITArwT+Y+UmYBM=">AAACMXicbVDLTgIxFO3gC8cX6tLNRGKCGzJDDLokunGJiTwMM5l0SoGGziPtHQNp+BF/wx9wq3/Azrhw40/YARYCnqTpybmPc3OChDMJtj01chubW9s7+V1zb//g8KhwfNKUcSoIbZCYx6IdYEk5i2gDGHDaTgTFYcBpKxjeZfXWMxWSxdEjjBPqhbgfsR4jGLTkF67cjukCHcFsleoLPJ4oN4h5V45D/alGybn01ZOvnMpEw3Q90/QLRbtsz2CtE2dBimiBul/4drsxSUMaAeFYyo5jJ+ApLIARTvXSVNIEkyHu046mEQ6p9NTspIl1oZWu1YuFfhFYM/XvhMKhzI7VnSGGgVytZeK/tdHcYNkdejeeYlGSAo3I3LyXcgtiK4vP6jJBCfCxJpgIpu+3yAALTECHnAXjrMawTpqVslMtVx8qxdrtIqI8OkPnqIQcdI1q6B7VUQMR9ILe0Dv6MF6NqfFpfM1bc8Zi5hQtwfj5BRZiqok=</latexit>

U(1)Y12

<latexit sha1_base64="kpDgkqPrXUis05hxj4lGq5lY5T4=">AAACGXicbVC7TsMwFHV4lvAKMLJEVEhlqZIOhbGChbFI9IGSKHJct7XqPGTfIKoov8HCr7AwgBAjTPwNTtoBWq505aNzX8cnSDiTYFnf2srq2vrGZmVL397Z3ds3Dg67Mk4FoR0S81j0AywpZxHtAANO+4mgOAw47QWTq6Leu6dCsji6hWlCvRCPIjZkBIOifMNyHd0F+gDlqizgmEzyzA1iPpDTUD1Zp2af+dldnue66+m6b1StulWGuQzsOaiiebR949MdxCQNaQSEYykd20rAy7AARjhVS1NJE3UVj6ijYIRDKr2slJObp4oZmMNYqIzALNnfExkOZaFTdYYYxnKxVpD/1ZwUhhdexqIkBRqR2aFhyk2IzcImc8AEJcCnCmAimNJqkjEWmIAyszDBXvzyMug26naz3rxpVFuXczsq6BidoBqy0TlqoWvURh1E0CN6Rq/oTXvSXrR37WPWuqLNZ47Qn9C+fgBDlaBr</latexit>

U(1)Y

<latexit sha1_base64="A7qUHH7urUTYOCAZD9fUzzIwWwU=">AAACFHicbZDLSgMxFIYzXut4G3XpJlgEQSgzRaoboejGZQV7gc44ZNJMG5q5kGSEEuYh3Pgqblwo4taFO9/GTDsLbf0h8PGfc5KcP0gZFdK2v42l5ZXVtfXKhrm5tb2za+3td0SScUzaOGEJ7wVIEEZj0pZUMtJLOUFRwEg3GF8X9e4D4YIm8Z2cpMSL0DCmIcVIasu3Tt2+6SKWjpCvaH7phhxhNSz4XtXzXJ25Kc1N1zO1fKtq1+yp4CI4JVRBqZZvfbmDBGcRiSVmSIi+Y6fSU4hLihnR12aCpAiP0ZD0NcYoIsJT06VyeKydAQwTrk8s4dT9PaFQJMQkCnRnhORIzNcK879aP5PhhadonGaSxHj2UJgxKBNYJAQHlBMs2UQDwpzqv0I8QjoXqXMsQnDmV16ETr3mNGqN23q1eVXGUQGH4AicAAecgya4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjlzAP7I+PwB5fydbQ==</latexit>

↵i =
g2i
4⇡

<latexit sha1_base64="D8Zqs53VZTjz9Zc+eNSsySOWt/s="></latexit>

vSM3 = 6⇥ 1016 GeV
<latexit sha1_base64="VLc4wWW5xiFEoTZQfkL5ExMeGJM=">AAACHHicbVDLSsNAFJ3UV42vqEs3wSK4kJJUaN0IRRe6ESo0baGJYTKdtEMnD2YmQgn5EDf+ihsXirhxIfg3Ttog2npg4HDOvXfuPV5MCReG8aWUlpZXVtfK6+rG5tb2jra71+FRwhC2UEQj1vMgx5SE2BJEUNyLGYaBR3HXG1/mfvceM06isC0mMXYCOAyJTxAUUnK1U7uv3ripHUAxYkF6ZbWz7Nw07lKzkdknPzLuZKrtqDO4WsWoGlPoi8QsSAUUaLnahz2IUBLgUCAKOe+bRiycFDJBEMVycsJxDNEYDnFf0hAGmDvp9LhMP5LKQPcjJl8o9Kn6uyOFAeeTwJOV+bZ83svF/7x+IvwzJyVhnAgcotlHfkJ1Eel5UvqAMIwEnUgCESNyVx2NIINIyDzzEMz5kxdJp1Y169X6ba3SvCjiKIMDcAiOgQkaoAmuQQtYAIEH8ARewKvyqDwrb8r7rLSkFD374A+Uz2/tJZ6w</latexit>

MGUT = 1017 GeV

• VL quarks  help bend SU(2). 

• Colour octet                         from cyclic            
at        scale to bend SU(3) (non-SUSY).       

• Gauge couplings approximately “run the same” 
thanks to approximate       at low energies, 
which becomes exact at high energies.                                                            

Qi

<latexit sha1_base64="m3QY5IDlaBgqj7Kkyb7e11wStE8=">AAACGHicbVDLSsNAFJ3UV42vqEs3wSJUKDXponZZdOOyQl+QhDCZTtqhk0mYmQgl9DPc+CtuXCjitjv/xkmbhbYeGDicc++de0+QUCKkZX1rpa3tnd298r5+cHh0fGKcnvVFnHKEeyimMR8GUGBKGO5JIikeJhzDKKB4EEzvc3/whLkgMevKWYK9CI4ZCQmCUkm+ceM6utudYAn9jMxdQaKqG0E5CcKsVbPnNes613XX01fwjYpVt5YwN4ldkAoo0PGNhTuKURphJhGFQji2lUgvg1wSRLGanAqcQDSFY+woymCEhZctD5ubV0oZmWHM1WPSXKq/OzIYCTGLAlWZLy3WvVz8z3NSGba8jLAklZih1UdhSk0Zm3lK5ohwjCSdKQIRJ2pXE00gh0iqLPMQ7PWTN0m/Ubeb9eZjo9K+K+IogwtwCarABregDR5AB/QAAs/gFbyDD+1Fe9M+ta9VaUkres7BH2iLH3x4nNM=</latexit>

⇥i ⇠ (8,1, 0)i
<latexit sha1_base64="YDZREI7DnJvmJ/xX11t8Mo2lObk=">AAAB+3icbVDLSsNAFL2prxpfsS7dDBbBVUmKVJdFNy4r2AckoUymk3bo5MHMRCyhv+LGhSJu/RF3/o2TNgttPTBwOOfemTMnSDmTyra/jcrG5tb2TnXX3Ns/ODyyjms9mWSC0C5JeCIGAZaUs5h2FVOcDlJBcRRw2g+mt4Xff6RCsiR+ULOU+hEexyxkBCstDa2a55pehNUkCPPm5dz0fHNo1e2GvQBaJ05J6lCiM7S+vFFCsojGinAspevYqfJzLBQjnOo7M0lTTKZ4TF1NYxxR6eeL7HN0rpURChOhT6zQQv29keNIylkU6Mkiplz1CvE/z81UeO3nLE4zRWOyfCjMOFIJKopAIyYoUXymCSaC6ayITLDAROm6ihKc1S+vk16z4bQarftmvX1T1lGFUziDC3DgCtpwBx3oAoEneIZXeDPmxovxbnwsRytGuXMCf2B8/gACDpMi</latexit>

24
<latexit sha1_base64="Zqqqpl8JeQXMrrMyDgVQ64P7hfo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiRFqsuiG5cV7APaUCbTSTt0Mgkzk2IJ/QJXbvUr3Ilbv8KP8B+ctBG09cCFwzn3cu89fsyZ0o7zaRXW1jc2t4rbpZ3dvf0D+/CopaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJP57QmVikXiXk9j6oV4KFjACNZGak/6qVudlfp22ak4c6BV4uakDDkaffurN4hIElKhCcdKdV0n1l6KpWaE01mplygaYzLGQ9o1VOCQKi+dnztDZ0YZoCCSpoRGc/X3RIpDpaahbzpDrEdq2cvEf72HnwUrVjfRwZWXMhEnmgqyuCFIONIRymJBAyYp0XxqCCaSmTcQGWGJiTbhZfm4y2mskla14tYqtbuLcv06T6oIJ3AK5+DCJdThFhrQBAJjeIJneLEerVfrzXpftBasfOYY/sD6+Aa3SpoX</latexit>v12

<latexit sha1_base64="ipSIkC15aA8+EkXrNBOikvW2Nq8=">AAACInicbVDLSsNAFJ34rPEVdSnIYBFclaRCdVl047KCfWAawmQ6aYdOJmFmIpbQnZ/iyq1+hTtxJfgL/oOTNoq2Hhg4nHPvnXtPkDAqlW2/GwuLS8srq6U1c31jc2vb2tltyTgVmDRxzGLRCZAkjHLSVFQx0kkEQVHASDsYXuR++5YISWN+rUYJ8SLU5zSkGCkt+dZB1zW7EVKDIMhuxn52Mja7nvkD3yrbFXsCOE+cgpRBgYZvfXZ7MU4jwhVmSErXsRPlZUgoihnRw1NJEoSHqE9cTTmKiPSyyR1jeKSVHgxjoR9XcKL+7shQJOUoCnRlvrKc9XLxX+/u+4M5y01VeOZllCepIhxPdwhTBlUM87xgjwqCFRtpgrCg+gyIB0ggrHSqeT7ObBrzpFWtOLVK7aparp8XSZXAPjgEx8ABp6AOLkEDNAEG9+ARPIFn48F4MV6Nt2npglH07IE/MD6+ALLHoIA=</latexit>Z3

<latexit sha1_base64="7TVNIzII43MNDoa/Z4LxvNvfpfQ="></latexit>

↵�1
Y12

+ ↵�1
Y3

= ↵�1
Y (v23)

<latexit sha1_base64="ojqPdq/0bjbTCDvw43883fQYXs0="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(vSM3)

<latexit sha1_base64="UixNlRSJFeREXyAKTYwaS2CgHbU="></latexit>

↵�1
s,L,1 ⇡ ↵�1

s,L,2 ⇡ ↵�1
s,L,3

<latexit sha1_base64="ejrSnNWU1GGDVG25oycJW+z7q6c="></latexit>

↵�1
Y1

+ ↵�1
Y2

= ↵�1
Y12

(v12)
<latexit sha1_base64="tQJ4/3Tb/teiF4n8Nin6OBJGvdQ="></latexit>

i

<latexit sha1_base64="eypSUlNkPo02J/KhtX/MUTFJmQ8="></latexit>

i
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No intermediate  scale:SM3
<latexit sha1_base64="/K1KtcPt9PRxQSEFacQtm/iryks="></latexit>

SU(5)3
MGUT�! SU(3)c ⇥ SU(2)L ⇥ U(1)3Y

<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeVRobust prediction for GUT scale:

<latexit sha1_base64="EbvsfHUsBick9kv2bukHLEDXJhg="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(MGUT)

Backup: Gauge coupling unification
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No intermediate  scale:SM3
<latexit sha1_base64="/K1KtcPt9PRxQSEFacQtm/iryks="></latexit>

SU(5)3
MGUT�! SU(3)c ⇥ SU(2)L ⇥ U(1)3Y How low can can we deconstruct             and              ?

<latexit sha1_base64="RMurl9pJeGqHEA6cTN+0MPp2hiI=">AAACI3icbVDLSsNAFJ34rPEVdekmWAQXUpKCrbgqutCNUKFpC00Mk+mkHTp5ODMRSsi/uPFX3LhQihsX/ouTNoi2HhjmcO77eDElXBjGp7K0vLK6tl7aUDe3tnd2tb39No8ShrCFIhqxrgc5piTEliCC4m7MMAw8ijve6CqPdx4x4yQKW2IcYyeAg5D4BEEhJVe7sHvqrZvaARRDFqTXVivLbE4C/HBmC/lx07hPzXpmn/6k4Ham2o6qulrZqBhT6IvELEgZFGi62sTuRygJcCgQhZz3TCMWTgqZIIhi2TThOIZoBAe4J2kI5Xgnnd6Y6cdS6et+xOQLhT5Vf1ekMOB8HHgyM1+Uz8dy8b9YLxH+uZOSME4EDtFskJ9QXUR6bpjeJwwjQceSQMSI3FVHQ8ggEtLW3ARz/uRF0q5WzFqldlctNy4LO0rgEByBE2CCOmiAG9AEFkDgCbyAN/CuPCuvykT5mKUuKUXNAfgD5esby1ijtQ==</latexit>

MGUT ' 5⇥ 1017 GeVRobust prediction for GUT scale:

<latexit sha1_base64="Lx4widZ3pP3Hlq9Kn+dyticViW8="></latexit>

vSM3 = 5⇥ 1015 GeV
<latexit sha1_base64="46fisffMSrfctUpfnAg8TAB5Ycw="></latexit>

MGUT ' 1.8⇥ 1016 GeV

proton decay!

<latexit sha1_base64="Z24XvmtuihE5JnLdO7ctrVKIxrM=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkpSobosunFZ0bSFNITJdNIOnUzCzEQsoX6KK7f6Fe7EreBH+A9O2hS09cCFwzn3ztx7goQSIS3rS1taXlldWy9t6Jtb2zu7xt5+S8QpR9hBMY15J4ACU8KwI4mkuJNwDKOA4nYwvMr99j3mgsTsTo4S7EWwz0hIEJRK8o3DrqvfOpWzUz9DY73r6TP4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1dipwAtEQ9rGrKIMRFl42uWBsniilZ4YxV8WkOVF/T2QwEmIUBaozgnIg5r1c/Nd7mH2wYLmpDC+8jLAklZih6Q5hSk0Zm3lSZo9wjCQdKQIRJ+oMEw0gh0iqPPN87Pk0FkmrVrXr1fpNrdy4LJIqgSNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2ifPwYMnXo=</latexit>

SU(3)c
<latexit sha1_base64="P8AplaPBM6nxNBRibiXaJyGvatA=">AAACHHicbVDLSsNAFJ34rPEVdSO4CRahbkrSRXVZdOPCRUXTFtIQJtNJO3QyCTMTsYT6Ka7c6le4E7eCH+E/OGlT0NYDFw7n3Dtz7wkSSoS0rC9taXlldW29tKFvbm3v7Bp7+y0RpxxhB8U05p0ACkwJw44kkuJOwjGMAorbwfAy99v3mAsSszs5SrAXwT4jIUFQKsk3DruufutUaqd+dj3Wu54+g2+Urao1gblI7IKUQYGmb3x3ezFKI8wkolAI17YS6WWQS4IoVm+nAicQDWEfu4oyGGHhZZMLxuaJUnpmGHNVTJoT9fdEBiMhRlGgOiMoB2Ley8V/vYfZBwuWm8rw3MsIS1KJGZruEKbUlLGZJ2X2CMdI0pEiEHGizjDRAHKIpMozz8eeT2ORtGpVu16t39TKjYsiqRI4AsegAmxwBhrgCjSBAxB4BM/gBbxqT9qb9q59TFuXtGLmAPyB9vkD3dmdYg==</latexit>

SU(2)L

<latexit sha1_base64="EbvsfHUsBick9kv2bukHLEDXJhg="></latexit>

↵�1
s,L,1 + ↵�1

s,L,2 + ↵�1
s,L,3 = ↵�1

s,L(MGUT)

Backup: Gauge coupling unification
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Backup: Proton decay
• Gauge leptoquarks of              mediate proton decay. 

• Proton lifetime depends on             which depends as 
well on          (scale at which             and              are 
deconstructed).  

•                                 saturates current proton decay 
bounds, while                                   saturates the 
projected sensitivity.

Super-Kamiokande 90% CL
Hyper-Kamiokande 90% CL

<latexit sha1_base64="z8eF3TQ+A+GSLOfCvkw6LEmMppQ=">AAACHXicbVDLSsNAFJ34rPEVdSVuBotQNyWpWF0W3bisaNpCGstkOmmHTh7MTMQSip/iyq1+hTtxK36E/+CkjaKtBy4czrl35t7jxYwKaZof2tz8wuLScmFFX11b39g0trYbIko4JjaOWMRbHhKE0ZDYkkpGWjEnKPAYaXqD88xv3hIuaBRey2FM3AD1QupTjKSSOsZu29Gv7NLx4U16NNLbrv6DjlE0y+YYcJZYOSmCHPWO8dnuRjgJSCgxQ0I4lhlLN0VcUsyIejwRJEZ4gHrEUTREARFuOj5hBA+U0oV+xFWFEo7V3xMpCoQYBp7qDJDsi2kvE//17r4/mLGcRPqnbkrDOJEkxJMd/IRBGcEsKtilnGDJhoogzKk6A+I+4ghLFWiWjzWdxixpVMpWtVy9rBRrZ3lSBbAH9kEJWOAE1MAFqAMbYHAPHsETeNYetBftVXubtM5p+cwO+APt/Qvxhp1f</latexit>

SU(5)3

<latexit sha1_base64="bvDkmc1K39k5NIh3R/3O/GnvqPM=">AAACJXicbVDLSsNAFJ3UV42vqEs3o0VwVZIuqsuiC90IFZq2kIYwmU7aoZMHMxOxhK79FFdu9SvcieDKL/AfnLQRtfXAwOGce+/ce/yEUSFN810rLS2vrK6V1/WNza3tHWN3ry3ilGNi45jFvOsjQRiNiC2pZKSbcIJCn5GOP7rI/c4t4YLGUUuOE+KGaBDRgGIkleQZhz1Hv/ayXojkkIfZpd2aTPSeq//AMypm1ZwCLhKrIBVQoOkZn71+jNOQRBIzJIRjmYl0M8QlxYyo6akgCcIjNCCOohEKiXCz6SkTeKyUPgxirl4k4VT93ZGhUIhx6KvKfGUx7+Xiv97d9wcLlpPK4MzNaJSkkkR4tkOQMihjmEcG+5QTLNlYEYQ5VWdAPEQcYamCzfOx5tNYJO1a1apX6ze1SuO8SKoMDsAROAEWOAUNcAWawAYY3INH8ASetQftRXvV3malJa3o2Qd/oH18AZsNoXM=</latexit>

MGUT
<latexit sha1_base64="9k5qf1YI17+KV3x3wFDaM4xGQkY=">AAACKXicbVDLSsNAFJ3UV42vqEs3wVJwVZIK1WXRjRuhon1AEsNkOmmHTh7MTIol5Av8FFdu9SvcqVvX/oOTNkJtPTBwOOfeO/ceL6aEC8P4UEorq2vrG+VNdWt7Z3dP2z/o8ChhCLdRRCPW8yDHlIS4LYiguBczDAOP4q43usz97hgzTqLwTkxi7ARwEBKfICik5GpV21LHbmoHUAxZkN5eZ/fpaZaptqPOwdUqRs2YQl8mZkEqoEDL1b7tfoSSAIcCUci5ZRqxcFLIBEEUy/EJxzFEIzjAlqQhDDB30uk5mV6VSl/3IyZfKPSpOt+RwoDzSeDJynxtvujl4r/ew+8HS5aVCP/cSUkYJwKHaLaDn1BdRHoem94nDCNBJ5JAxIg8Q0dDyCASMtw8H3MxjWXSqdfMRq1xU680L4qkyuAIHIMTYIIz0ARXoAXaAIFH8AxewKvypLwp78rnrLSkFD2H4A+Urx+1vaMH</latexit>vSM3

<latexit sha1_base64="IJIWK34jvCb08QiYR487Jvvg7hY=">AAACIHicbVDLSsNAFJ34rPEVdamLYBHqpiQVqsuiG5cVTVtIQ5hMJ+3QySTMTMQSuvFTXLnVr3AnLvUf/AcnbYTaeuDC4Zx7Z+49QUKJkJb1qS0tr6yurZc29M2t7Z1dY2+/JeKUI+ygmMa8E0CBKWHYkURS3Ek4hlFAcTsYXuV++x5zQWJ2J0cJ9iLYZyQkCEol+cZR19VvncrZqZ+hsd719Fn4RtmqWhOYi8QuSBkUaPrGd7cXozTCTCIKhXBtK5FeBrkkiGL1fipwAtEQ9rGrKIMRFl42uWJsniilZ4YxV8WkOVFnJzIYCTGKAtUZQTkQ814u/us9/H6wYLmpDC+8jLAklZih6Q5hSk0Zm3laZo9wjCQdKQIRJ+oMEw0gh0iqTPN87Pk0FkmrVrXr1fpNrdy4LJIqgUNwDCrABuegAa5BEzgAgUfwDF7Aq/akvWnv2se0dUkrZg7AH2hfP+9snco=</latexit>

SU(3)c
<latexit sha1_base64="fzdNi/5U/fyQIjSL/9mUcbTTfho=">AAACIHicbVC7TsMwFHV4lvAKMMIQUSGVpUo6FMYKFgaGIkhbKY0ix3Vaq44T2Q6iirrwKUys8BVsiBH+gX/AaYNUWo50paNz7rXvPUFCiZCW9aktLa+srq2XNvTNre2dXWNvvyXilCPsoJjGvBNAgSlh2JFEUtxJOIZRQHE7GF7mfvsec0FididHCfYi2GckJAhKJfnGUdfVb51K7dTPrsd619Nn4Rtlq2pNYC4SuyBlUKDpG9/dXozSCDOJKBTCta1EehnkkiCK1fupwAlEQ9jHrqIMRlh42eSKsXmilJ4ZxlwVk+ZEnZ3IYCTEKApUZwTlQMx7ufiv9/D7wYLlpjI89zLCklRihqY7hCk1ZWzmaZk9wjGSdKQIRJyoM0w0gBwiqTLN87Hn01gkrVrVrlfrN7Vy46JIqgQOwTGoABucgQa4Ak3gAAQewTN4Aa/ak/amvWsf09YlrZg5AH+gff0Axuidsg==</latexit>

SU(2)L

<latexit sha1_base64="fys+nIfeO2BHoJE/OFxHbjIbI+I="></latexit>

vSM3  3⇥ 1015 GeV
<latexit sha1_base64="r6mIivZ8+N4Z3rc2M/ZK09sq+Os="></latexit>

vSM3  6⇥ 1015 GeV
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Backup: TeV scale pheno
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Backup: VL charged leptons
<latexit sha1_base64="jBb8PwZSRJEv1FsJHRQClqZ9HWE="></latexit>
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<latexit sha1_base64="65O0YBIEmLB2jwpqt73YJ3TkcZo="></latexit>
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Backup: Yukawa couplings models 2 and 3
<latexit sha1_base64="hCaEwm/xskJNm+m760qiea5BTwU="></latexit>
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Backup: SU(5) cube model table

<latexit sha1_base64="exCiBjxxFf33SeTibdydfZSVeiY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

H
45
1 45 1 1

H
45
2 1 45 1

H
45
3 1 1 45

<latexit sha1_base64="qpueoN7NJKWglSMTHOvjJ0nvOBY="></latexit>

Field SU(5)1 SU(5)2 SU(5)3

F1 5 1 1
F2 1 5 1
F3 1 1 5
T1 10 1 1
T2 1 10 1
T3 1 1 10

�1 10 1 1
�2 1 10 1
�3 1 1 10

N12 5 5 1
N13 5 1 5
N23 1 5 5
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Field SU(5)1 SU(5)2 SU(5)3

⌦1 24 1 1
⌦2 1 24 1
⌦2 1 1 24
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u,d
1 5, 5 1 1

H
u,d
2 1 5, 5 1

H
u,d
3 1 1 5, 5

�F
12 5 5 1

�F
13 5 1 5

�F
23 1 5 5

�T
12 10 10 1

�T
13 10 1 10

�T
23 1 10 10
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Backup: SU(5) cube model table

cyclic  to split down/charged lepton 
masses as in conventional 

45
SU(5)
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Backup: Tri-hypercharge: spurions
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

20
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Backup: Tri-hypercharge: spurions
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

20

<latexit sha1_base64="LtNElNXKYklvZeSd+6G04oQ29QY="></latexit>

� ⇠ (0,�1

6
,
1

6
)

<latexit sha1_base64="95LRP4yBsvh0KLhjZG8wFKZDsIs="></latexit>

Ld =
�
q1 q2 q3

�
0

@
0 0 0
0 0 �(0,� 1

6 ,
1
6 )

0 0 1

1

A

0

@
d
c
1

d
c
2

d
c
3

1

AH
d
3

<latexit sha1_base64="tkQl0utIczi5ztaN4VA2ucMYYBU="></latexit>

q2H
d
3d

c
3 ⇠ (0,

1

6
,�1

6
)

<latexit sha1_base64="tADnARsUQJGjhM5BxnOo2dEqLOE=">AAACWXicdVHLSsNAFJ3EqjW+Wrt0M1gEVyWpUN0IRTddVrAPaGOYTKbt0EkmzkzEEvI1fo1bXYk/47TNwj48MHA4517uvWf8mFGpbPvbMHcKu3v7xQPr8Oj45LRUPutKnghMOpgzLvo+koTRiHQUVYz0Y0FQ6DPS86cPc7/3SoSkPHpSs5i4IRpHdEQxUlrySnfDgTVsTyh88dJ61vLS6+w5DbJgSXBmDV3rf3ilql2zF4CbxMlJFeRoe2WjMAw4TkISKcyQlAPHjpWbIqEoZkSPSySJEZ6iMRloGqGQSDdd3JnBS60EcMSFfpGCC/VvR4pCKWehrytDpCZy3ZuLW723fMCK6HM+VciX2zoGiRrduimN4kSRCC9XGyUMKg7nMcOACoIVm2mCsKD6OognSCCs9GfMc3PWU9ok3XrNadQaj/Vq8z5PsAjOwQW4Ag64AU3QAm3QARi8gw/wCb6MH9Mwi6a1LDWNvKcCVmBWfgHcNqwF</latexit>

�q2H
d
3d

c
3

Backup: Tri-hypercharge: spurions



Mario Fernández Navarro Flavour deconstruction and gauge unification

• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               

20
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               

• We also promote the spurion in the (2,2) entry to hyperon                                    :

20
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• E.g. operator                                   forbidden by tri-hypercharge (gauge) symmetry.

• Introduce a spurion                          , then we can write                 . Repeat for every entry 
in the matrix.

• Promote spurion                           to the physical scalar (“hyperon”) ,                               

• We also promote the spurion in the (2,2) entry to hyperon                                    :
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Flavour structure dynamically 
generated via tri-hypercharge SSB

Backup: Tri-hypercharge: spurions
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Backup: Literature review

‣ 1979  Abdus Salam; EPS conference 1979, footnote 41                                                                 

‣ 1981  Subhash Rajpoot; PRD 24 (1981) 1890. 

‣ 1982  Howard Georgi; Nucl. Phys. B 202 (1982) 397 

‣ 1984  de Rújula, Georgi, Glashow; Fifth worksop on GUT 

‣ 1995 Barbieri, Dvali and Strumia, hep-ph/9407239 

‣ 1998-2007 C.L. Chou, [hep-ph/9804325]; Asaka and Takanashi, [hep-ph/0409147]; Babu, Barr and Gogoladze [0709.3491] 

‣ 2023 MFN, Stephen F. King, Avelino Vicente [2311.05683]; 

GUT product groups
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SU(5)1 ⇥ SU(5)2 ⇥ SU(5)3

“tribal group” to motivate multiple scales vs SO(10)
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SMi ⇥ SU(5)j
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numerics + study different breakings + discrete symmetries for 1 gauge coupling
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