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dg  1-loop g’ Z Z
Weyl Real

SO(11)O0O D00 ([1,NY.15 0076000)
soq11 irrep.  d(R) Cs(R) T(R) C.(R) R/PR

(1,0,0,0,0) 11 5 1 0 R
(0,0,0,0,1) 32 i 4 1 PR
(0,1,0,0,0) 55 9 9 0 R
(2,0,0,0,0) 65 11 13 0 R
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R;cLeft R,;eRight
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SU(5): A(10&®5) = (+1)+ (-1) =0,
SU6): A(15®6®6) = (+2)+2(—1) =0,
SU(T): A(85®21®7) = (+2) + (=3) + (+1) =0,
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5011 tensor products

11® 11
32® 11
32 ® 32
55 ® 11
55 ® 32
55 ® 55

(65) © (55) @ (1)
(320) & (32)

(462) @ (330) @ (165) & (55) @ (11) & (1)
(429) @ (165) ® (11)

(1408) @ (320) @ (32)

(1144) @ (1430) @ (330) @ (65) ® (55) @ (1)
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SO(10) on Planck brane
SO(H)B?J{ S0(4) x SO(7) on TeV brane

=50(4) x S0(6) ~ SU(2)r, x SU(2)r x SU(4)c

ESU(S)CXSU(Q)LXU(DY JoooooodnVEV

%SU(B)C X U(l)em (D L O O ) [20, Y.Hosotani'83]
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Rank Algebra g Maximal subalgebras b Type
5 Slg D Sus D Uuy; Suy D sus Bug; suzPsuzdu; (R)
D Slg; Sly; USPg; Sug D Sily (S)

§011 D  5010; 508D SUo; Suy D usp,; sus Dsus P (R)

$07; $09 D Uy

D Suy (S)

uspyy O Sus P ug; suo B uspg; usp, b uspg (R)

D Sug; Sug P usp, (S)

§010 D SUs P Uup; Sus P suy P suy; s08 P Uy (R)

D usp,; §09; Suo P s07; usp, A usp, (S)
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?\sng?\%wg

5011 5u2@5u2@507

5011 DO SuUs b sus b so7 branching rules

1 = (1,1,1)
11 = (2,2,1)9(1,1,7)
32 = (2,1,8)®(1,2,8)
5 = (3,1,1)9(2,2,7)9(1,3,1)d(1,1,21)
65 = (3,3,1)®(2,2,7)®(1,1,27)®(1,1,1)
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T T Y9 RY

sus sugzdsusbuy

SuUs D Sug P Suy D uy branching rules

1 = (1,1)(0)

5 = (3,1)(+2) @ (1,2)(-3)

5 = (3,1)(-2)®(1,2)(+3)

10 = (3,2)(-1)®(3,1)(+4) ® (1,1)(-6)

10 = (3,2)(+1)® (3,1)(—4) ® (1,1)(+6)

24 = (8,1)(0)®(3,2)(+5)®(3,2)(=5)P®(1,3)(0)®(1,1)(0)

25



October 16, 2016 N. Yamatsu oooooooob0obooboobO0oboD0o eobUoboboobooooo

L] O [
4 | ™
00000000000 [1,NY 15 O R. SlanskyD 0O 0O O
000000000000 [3, RSlansky'8l] 0000000
0000000000000 0000000000000
0000000000000 000000

/

R. Slansky0 00000

o OO OOODDODDODODUOOOOOOOOODODDODOO

o U UUOOOODDODUOOOOOOOUOOOOODODODDDODO O
e U DODODOOOOOONO

e U DODODDODOOOUOODOOUULDDOO

26



October 16, 2016 N. Yamatsu oooooooob0obooboobO0oboD0o eobUoboboobooooo

References

[1]
2]
3]

N. Yamatsu, “Finite-Dimensional Lie Algebras and Their Representations for Unified Model
Building,” arXiv:1511.08771 [hep-ph].

H. Georgi, Lie Algebras in Particle Physics. From Isospin to Unified Theories. Westview
Press, USA, 1999.

R. Slansky, “Group Theory for Unified Model Building,” Phys. Rept. 79 (1981) 1-128.

[4] W. G. McKay and J. Patera, Tables of Dimensions, Indices, and Branching Rules for

Representations of Simple Lie Algebras. Marcel Dekker, Inc., New York, 1981.

[5] W. Mckay, J. Patera, and D. Sankoff, The Computation of Branching Rules for

(6]
[7]

Representations of Semisimple Lie Algebras. New York Academic Press, 1977. in
“Computers in Nonassociative Rings and Algebras” edited by R. E. Beck and B. Kolman.

M. A. A. van Leeuwen, A. M. Cohen, and B. Lisser, LiE, A Package for Lie Group
Computations. Computer Algebra Nederland, Amsterdam, 1992.

R. M. Fonseca, “Calculating the Renormalisation Group Equations of a SUSY Model with
Susyno,” Comput.Phys.Commun. 183 (2012) 2298-2306, arXiv:1106.5016 [hep-ph].

27


http://arxiv.org/abs/1511.08771
http://dx.doi.org/10.1016/0370-1573(81)90092-2
http://dx.doi.org/10.1016/j.cpc.2012.05.017
http://arxiv.org/abs/1106.5016

October 16, 2016 N. Yamatsu oooooooob0obooboobO0oboD0o eobUoboboobooooo

8]

9]
[10]
[11]
12]
13]

[14]

R. Feger and T. W. Kephart, “LieART - A Mathematica Application for Lie Algebras and
Representation Theory,” Comput.Phys.Commun. 192 (2015) 166-195, arXiv:1206.6379
[math-ph].

E. Dynkin, “The Structure of Semi-Simple Lie Algebra,” Trans.Am.Math.Soc. 1 (1950) 1.

E. Dynkin, “Maximal Subgroups of the Classical Groups,” Trans.Am.Math.Soc. 6 (1957)
245,

E. Dynkin, “Semisimple Subalgebras of Semisimple Lie Algebras,” Trans.Am.Math.Soc. 6
(1957) 111.

R. Cahn, Semi-Simple Lie Algebras and Their representations. Benjamin-Cummings
Publishing Company, 1985.

H. Weyl, The Classical Groups - Their Invariants and Representations-. Princeton University
Press, 1946.

R. Gilmore, Lie Groups, Lie Algebras, and some of their Applications. John Wiley & Sons,
Inc., New York, 1974.

[15] W. Fulton and J. Harris, Representation Theory. Springer, 1991.

28


http://dx.doi.org/10.1016/j.cpc.2014.12.023
http://arxiv.org/abs/1206.6379
http://arxiv.org/abs/1206.6379

October 16, 2016 N. Yamatsu oooooooob0obooboobO0oboD0o eobUoboboobooooo

[16] J. Banks and H. Georgi, “Comment on Gauge Theories Without Anomalies,” Phys. Rev.
D14 (1976) 1159-1160.

[17] S. Okubo, “Gauge Groups Without Triangular Anomaly,” Phys.Rev. D16 (1977) 3528.

[18] J. Patera and R. T. Sharp, “On the Triangle Anomaly Number of SU (n) Representaions,”
J. Math. Phys. 22 (1981) 2352.

[19] Y. Hosotani and N. Yamatsu, “Gauge-Higgs Grand Unification,” Prog. Theor. Exp. Phys.
2015 (2015) 111B01, arXiv:1504.03817 [hep-ph].

[20] Y. Hosotani, “Dynamical Mass Generation by Compact Extra Dimensions,” Phys.Lett.
B126 (1983) 309.

29


http://dx.doi.org/10.1103/PhysRevD.14.1159
http://dx.doi.org/10.1103/PhysRevD.14.1159
http://dx.doi.org/10.1103/PhysRevD.16.3528
http://dx.doi.org/10.1063/1.524815
http://dx.doi.org/10.1093/ptep/ptv153
http://dx.doi.org/10.1093/ptep/ptv153
http://arxiv.org/abs/1504.03817
http://dx.doi.org/10.1016/0370-2693(83)90170-3
http://dx.doi.org/10.1016/0370-2693(83)90170-3

