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' : sol2<=SM_alg_id_max;so12++){if(SM_sub_embeddings[sol12] [sol]) maximum=false;} ) r_H
3955 if (maximum) latex_file<<" T2
¢ : $\\hyperref ["<<sol<<"]{\\mathfrak{put} {"<<sol<<"}}$ ";
3956 A I
3957 latex_file<<endl;
3958 latex_file<<"\\subsectionkx{Minimal algebras}'"<<endl;
3959 ¥ for(int sol=0; sol<=SM_alg_id_max;sol++){
3960 if(!'Outer_automorphism_check([sol])continue;
3961
3962 bool minimal=true;
3963 for(int sol2=0;
sol2<=SM_alg_id_max;sol2++){if(SM_sub_embeddings[sol] [so12]) minimal=false;}
3964 if(minimal) latex_file<<"
$\\hyperref["<<sol<<"]{\\mathfrak{put}_{"<<sol<<"}}$ "“;
3965 A ¥
3966 latex_file<<endl;
3967 latex_file<<endl;
3968 latex_file<<"\\subsectionx{Outer automorphism classes}'<<endl;
3969 int outer_auto_count=0;
3970 ¥ for(int sol=0; sol<=SM_alg_id_max;sol++){
3971 if(!Outer_automorphism_check[sol])continue;
3972
3973
3974 bool done=false;
3975 for(int sol2=0; sol2<sol;sol2++)
if(Outer_automorphism[sol] [sol12] !="False'"){done=true;break;}
3976 if(done) continue;
3977 latex_file<<" ~\\\\~\\\\ '"<<endl;
3978 outer_auto_count++;
3979 latex_file<<'"Class ''<<outer_auto_count<<":
$\\hyperref ["<<sol<<"]{\\mathfrak{put} {"<<sol<<"}}$";
3080 ¥ for(int sol2=sol+1; sol2<=SM_alg_id_max;so12++){
3981 if( (Outer_automorphism([sol] [sol2]=="False" &&
Outer_automorphism[sol2] [sol] !="False") ||(Outer_automorphism[sol] [sol2]!="False'
& Outer_automorphism[sol2] [sol]=="False") ){cout<<"Something wrong with outer
automorphism check"<<endl;}
if(OQuter_automorphism[sol] [so12] !="False"){latex_file<<"
$\\hyperref["<<so12<<"]{\\mathfrak{put}_{"<<sol2<<"}}$
("<<OQuter_automorphism[sol] [sol12]<<") ";}

}
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latex_file.close();
cout<<endl;
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The SUSY working group
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Question: For the SM plus 3 RH neutrinos, |
Diagrams are not an
what are the anomaly free accurate

sets of charge assignments under a 1t(1)-extension. ;ee%rslsee”tation of the
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3u(3) ® su(2) ® u(l) —> 311(48)




K_H

A precise

30(10) statement

3u(3) ® su(2) ® u(l) —> 311(48)




K_H

A precise
$0(10) statement

3u(3) ® su(2) ® u(l) —> 311(48)

g is semi-simple
e.g.

The representation [

IS free of local
anomalies




One family: :

31(5) su(4) @ su(2) @ su(2)
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The results!




One family: :

31(5) su(4) @ su(2) @ su(2)

The results!

30(10) \ /]

Two families: 31(4) ® 3p(4) ® 3b(4)

45 algebras, for example: (441D 4 1,4

3ud) & 3u2) d 3u(2)
G, 1,D)%° 3 10,2,1) 6 (1,1,2) 31u(3) @ s1(2) & su(2)

30(10) & 3u(2) 8,2,1)d (8,1,2)
(16, 2)




Three family: 340 algebras in total
24 maximal

1) 2) 3) 4)
30(10) @ su(2) 30(10)®° 30(10)®° @ 3u(2) 31(4) @ 3p(6)%?
(16, 3) (16,1,1) d (1,16,1) & (1,1, 16 (16,1,1) & (1, 16, 2) 4,6,1) P (4,1,6)

S) 6) 7) 8)
311(4)%° @ 8p(6) 3u(12) @ 3u(2)®” 3u(4) @ 3p(4)®° @ $0(10) 3u(5) @ su(2)®’
4,6,1) d (4,1,6) (12,2,1) & (12,1, 2) 4,41,1) 4,1,4, 1) (1,1,1,16 1 G5.3.1. D (10,1,3, ) (1,1,1,2) (1, 1,1,1

9) 10) 11) 12)
3u(s) @ su2)®’ 3u(s) @ su2)®? 3u(s) @ su2)®? 3u(s) @ su2)®?

5,3,1,) 8 (10,1,3, 1) ® (1,1, 1,306 L.ne621000013De L1120 LLING L LD ®(3,2,1,1) @ (10,1,3,1) & (L, L 1,30 10,1100 G.3. L He 10,12 ) & (1,1,1,2) @ (1, 1L 1,1

15)
3u(5)® @ 3u2)
5,1,1,H)®(10,1,1, 1) (1,5,1,1) & (1,10,1, 1
d1,1,51)pA,1,10,1) (1,1,1,3

13) 14)
3u(5) @ su2)®? 31u(5)%° @ 30(10) @ su(2)

10,1,1,1) 5,3,1,1) 8 (10,1,2,1) ® (1,1,1,30 G.1..1H8 10,1, 1, D@ (L5 LD & (1,10, L)@ (11,16, 1) & (1,1,1,2

16)
31(8) @ 30(10) @ 3u(2)®?
1,16,1,1) @ 8.1,2,.1) @ (8,1,1,2

17)

31(4) @ 3p(4) @ 80(10) @ su(2)®
(Z, 41,1,1)1,1,16,1,1)p (4,1,1,2,2

20)
18) 19) o
EU A 3u(4) © 3p(6)  Su(2) 4 ff 541))2(?1]31(2)26?)21(&21) 1,1,2
(Z’ 4’ 1’ 1’ 1) 5> (1’1’ 16, 1, 1) D (4,1,1,2,2 (Z, 6, 1,1,1) &>) (4,1,2, 2, 1) D (4, 1,1’1,2 > T 9 Ao My My , 41, 4, 1,

21) 22) 23) 24)
3u(4)®* @ 3u(2)®’ 31u(5) @ 30(10) @ 3u(2)®? 3u(5)®* @ su2)®’ 3u(4) @ 30(10) @ su(2)®*

(Z, 6,1,1,1)4,1,2,2,1) b (4,1,1,1,28 1.16,1,1, D (G,1,2,1,1) & (10,1,1,2, 1) d (1,1,1,1,28 1.5.1.1. D ®1.10.1.1.) & G. 1.2 1. D@ 10.1.1.2 D 1.1.1.1.300 (1,16,1,1,1,1) ® (4,1,2,2,1,1) ® 4,1,1,1,2,2
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Ben Gripaios! and Joseph Tooby-Smit.l
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We show how one may classify all semisimple algebras containing the su(3)®su(2)®u(1) symmetry
of the Standard Model and acting on some given matter sector, enabling theories beyond the Stan-
dard Model with unification (partial or total) of symmetries (gauged or global) to be catalogued.
With just a single generation of Standard Model fermions plus a singlet neutrino, the only gauged
symmetries correspond to the well-known algebras su(5),s0(10), and su(4) @ su(2) @ su(2), but with
two or more generations a limited number of exotic symmetries mixing flavor, color, and electroweak
symmetries become possible. We provide a complete catalogue in the case of 3 generations or fewer
and describe how the method can be generalized to include additional matter.
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