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The u(1) 
extension

• Diagrams are not an 
accurate 
representation of the 
people.

Ben Allanach Scott MelvilleJoe Davighi

Question: For the SM plus 3 RH neutrinos, 

what are the anomaly free 


sets of charge assignments under a -extension.𝔲(1)



Diophantine 
equations 











𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1)Y

(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0



Diophantine 
equations 











𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1)Y

(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0











𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1)Y ⊕ 𝔲(1)X

(2,3)1,Q1
(1,3)−4,U1

(1,3)2,D1
(2,1)−3,L1

(1,1)6,E1
(1,1)0,N1

(2,3)1,Q2
(1,3)−4,U2

(1,3)2,D2
(2,1)−3,L2

(1,1)6,E2
(1,1)0,N2

(2,3)1,Q3
(1,3)−4,U3

(1,3)2,D3
(2,1)−3,L3

(1,1)6,E3
(1,1)0,N3



Diophantine 
equations 











𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1)Y

(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0
(2,3)1 (1,3)−4 (1,3)2 (2,1)−3 (1,1)6 (1,1)0











𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1)Y ⊕ 𝔲(1)X

(2,3)1,Q1
(1,3)−4,U1

(1,3)2,D1
(2,1)−3,L1

(1,1)6,E1
(1,1)0,N1

(2,3)1,Q2
(1,3)−4,U2

(1,3)2,D2
(2,1)−3,L2

(1,1)6,E2
(1,1)0,N2

(2,3)1,Q3
(1,3)−4,U3

(1,3)2,D3
(2,1)−3,L3

(1,1)6,E3
(1,1)0,N3

,  

, 




0 =
3

∑
i=1

(6Qi + 3Ui + 3Di +2Li + Ei + Ni) 0 =
3

∑
i=1

(3Qi + Li)0 =
3

∑
i=1

(2Qi + Ui + Di)

0 =
3

∑
i=1

(Qi + 8Ui + 2Di +3Li + 6Ei) 0 =
3

∑
i=1

(Q2
i − 2U2

i + D2
i − L2

i + E2
i )

0 =
3

∑
i=1

(6Q3
i + 3U3

i + 3D3
i +2L3

i + E3
i + N3

i )
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A precise 
statement

𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1) 𝔰𝔲(48)
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A precise 
statement

𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1) 𝔰𝔲(48)

𝔰𝔬(10)

α 16⊕3

γ

 is semi-simple

e.g. 

𝔤

𝔰𝔲(4) ⊕ 𝔰𝔲(2) ⊕ 𝔰𝔲(2)

The representation  
is free of local 

anomalies

β
𝔰𝔲(3) ⊕ 𝔰𝔲(2) ⊕ 𝔲(1) 𝔰𝔲(48)

𝔤

α β

γ



The results!

One family: 

𝔰𝔲(5)

𝔰𝔬(10)

𝔰𝔲(4) ⊕ 𝔰𝔲(2) ⊕ 𝔰𝔲(2)



The results!

One family: 

𝔰𝔲(5)

𝔰𝔬(10)

𝔰𝔲(4) ⊕ 𝔰𝔲(2) ⊕ 𝔰𝔲(2)

Two families: 

45 algebras, for example: 


𝔰𝔬(10) ⊕ 𝔰𝔲(2)
(16, 2)


𝔰𝔲(5) ⊕ 𝔰𝔲(2) ⊕ 𝔰𝔲(2)
(5, 1, 1)⊕2 ⊕ (10, 2, 1) ⊕ (1, 1, 2)


𝔰𝔲(4) ⊕ 𝔰𝔭(4) ⊕ 𝔰𝔭(4)
(4, 4, 1) ⊕ (4, 1, 4)


𝔰𝔲(8) ⊕ 𝔰𝔲(2) ⊕ 𝔰𝔲(2)
(8, 2, 1) ⊕ (8, 1, 2)



The third family 
solutions

1)


𝔰𝔬(10) ⊕ 𝔰𝔲(2)

(16, 3)

2)

  
𝔰𝔬(10)⊕3

(16, 1, 1) ⊕ (1, 16, 1) ⊕ (1, 1, 16)

3) 


𝔰𝔬(10)⊕2 ⊕ 𝔰𝔲(2)

(16, 1, 1) ⊕ (1, 16, 2)

4)



 

𝔰𝔲(4) ⊕ 𝔰𝔭(6)⊕2

(4, 6, 1) ⊕ (4, 1, 6)

5)


𝔰𝔲(4)⊕2 ⊕ 𝔰𝔭(6)

(4, 6, 1) ⊕ (4, 1, 6)

6) 

 
𝔰𝔲(12) ⊕ 𝔰𝔲(2)⊕2

(12, 2, 1) ⊕ (12, 1, 2)

7) 


𝔰𝔲(4) ⊕ 𝔰𝔭(4)⊕2 ⊕ 𝔰𝔬(10)

(4, 4, 1, 1) ⊕ (4, 1, 4, 1) ⊕ (1, 1, 1, 16)

8) 


𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(5, 3, 1, 1) ⊕ (10, 1, 3, 1) ⊕ (1, 1, 1, 2) ⊕ (1, 1, 1, 1)

9)


𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(5, 3, 1, 1) ⊕ (10, 1, 3, 1) ⊕ (1, 1, 1, 3)

10)

 
𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(5, 1, 1, 1) ⊕ (5, 2, 1, 1) ⊕ (10, 1, 3, 1) ⊕ (1, 1, 1, 2) ⊕ (1, 1, 1, 1)

11)

 
𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(5, 1, 1, 1) ⊕ (5, 2, 1, 1) ⊕ (10, 1, 3, 1) ⊕ (1, 1, 1, 3)

12)


𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(10, 1, 1, 1) ⊕ (5, 3, 1, 1) ⊕ (10, 1, 2, 1) ⊕ (1, 1, 1, 2) ⊕ (1, 1, 1, 1)

13) 


𝔰𝔲(5) ⊕ 𝔰𝔲(2)⊕3

(10, 1, 1, 1) ⊕ (5, 3, 1, 1) ⊕ (10, 1, 2, 1) ⊕ (1, 1, 1, 3)

14)


𝔰𝔲(5)⊕2 ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)

(5, 1, 1, 1) ⊕ (10, 1, 1, 1) ⊕ (1, 5, 1, 1) ⊕ (1, 10, 1, 1) ⊕ (1, 1, 16, 1) ⊕ (1, 1, 1, 2)

15) 






𝔰𝔲(5)⊕3 ⊕ 𝔰𝔲(2)

(5, 1, 1, 1) ⊕ (10, 1, 1, 1) ⊕ (1, 5, 1, 1) ⊕ (1, 10, 1, 1)
⊕ (1, 1, 5, 1) ⊕ (1, 1, 10, 1) ⊕ (1, 1, 1, 3)

16)


𝔰𝔲(8) ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)⊕2

(1, 16, 1, 1) ⊕ (8, 1, 2, 1) ⊕ (8, 1, 1, 2)

17) 






𝔰𝔲(4) ⊕ 𝔰𝔭(4) ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)⊕2

(4, 4, 1, 1, 1) ⊕ (1, 1, 16, 1, 1) ⊕ (4, 1, 1, 2, 2)

18) 


𝔰𝔲(4) ⊕ 𝔰𝔭(4) ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)⊕2

(4, 4, 1, 1, 1) ⊕ (1, 1, 16, 1, 1) ⊕ (4, 1, 1, 2, 2)

19)

 
𝔰𝔲(4) ⊕ 𝔰𝔭(6) ⊕ 𝔰𝔲(2)⊕3

(4, 6, 1, 1, 1) ⊕ (4, 1, 2, 2, 1) ⊕ (4, 1, 1, 1, 2)

20)






𝔰𝔲(4) ⊕ 𝔰𝔭(6) ⊕ 𝔰𝔲(2)⊕3

(4, 6, 1, 1, 1) ⊕ (4, 1, 2, 2, 1) ⊕ (4, 1, 1, 1, 2)

21) 


𝔰𝔲(4)⊕2 ⊕ 𝔰𝔲(2)⊕3

(4, 6, 1, 1, 1) ⊕ (4, 1, 2, 2, 1) ⊕ (4, 1, 1, 1, 2)

22)

 
𝔰𝔲(5) ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)⊕3

(1, 16, 1, 1, 1) ⊕ (5, 1, 2, 1, 1) ⊕ (10, 1, 1, 2, 1) ⊕ (1, 1, 1, 1, 2)

23) 


𝔰𝔲(5)⊕2 ⊕ 𝔰𝔲(2)⊕3

(1, 5, 1, 1, 1) ⊕ (1, 10, 1, 1, 1) ⊕ (5, 1, 2, 1, 1) ⊕ (10, 1, 1, 2, 1) ⊕ (1, 1, 1, 1, 3)

24) 


𝔰𝔲(4) ⊕ 𝔰𝔬(10) ⊕ 𝔰𝔲(2)⊕4

(1, 16, 1, 1, 1, 1) ⊕ (4, 1, 2, 2, 1, 1) ⊕ (4, 1, 1, 1, 2, 2)

Three family: 340 algebras in total

    24 maximal
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Thank you! 

Questions + criticism 


welcome!


