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2. Coset Space Unification
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Particle Content

Table 1

U(1) charges of the NG multiplets. The U(1),, U(1), and U(1); o

are the unbroken U(1l)’s of coset-subspaces E,/E¢ X U(1). E? - Eﬁi % SO( 10) _} SU(S)
- | - , | . ‘. € €,

E, /SO(10) X U(1) and SO(10)/SU(5) X U(1), respectively

SU(5) U(1), u(1), U(1),
10, 0 0 4
10, 0 3 —1
10, 2 —1 —1
5/ 0 3 3
5, 2 —1 3
55 2 2 —2
1, 0 3 -5
1, 2 —1 -5
1, 2 —4 0
5 2 2 2




NonLinear Realization
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E7r D Eg X U(l)l
Particle Content 133 = 78(0) + 1(0) + 27(2) + 27(-2)
Fn%kb
Table 1 E6 2 SO(lO) X U(1)2
U(1) charges of the NG multiplets. The U(1),. U(1), and U(1), 78 = 45(0) + 1(0) + 16(3) + ]__(_3)

are the unbroken U(1)’s of coset-subspaces E,/E. XU(1),

E, /SO(10) X U(1) and SO(10)/SU(5) X U(1). respectively H AT A

0, 0 3 _1 27 =103 + 55 4+ 12 + 5+ 55 + 13 U(1)1=2
105 2 —1 —1 16 =105 4+ 57 + 14 U(1);=0, U(1),=3
5; 0 3 3

5) 2 —1 3

5; 2 2 -2 SO(10) DSU(5) x U(1),

1 0 3 -5 e

./ ) . . 45 = 24(0) 4 1(0) 4 10(4) 4 10(—4)
15 2 —4 0 F0%5

> 2 2 2 10 = 104 U(1)1,=0, U(1);=4




Particle Content

Table 1 H
U(1) charges of the NG multiplets. The U(1),. U(1), and U(1), ﬁg*"
are the unbroken U(1l)’s of coset-subspaces E. /E; X U(1).

E. /SO(10) X U(1) and SO(10) /SU(5) X U(1), respectively Breaking Chain

SU(5) u(1), u(1), U(1), |

10, 0 0 4 E, = E; = SO(10) — SU(5)
10, 0 3 —1 €0 €1 €5
10, 2 —1 —1

57 0 3 3 Family Symmetry

5 2 —1 3

" : X _: ¢i = (Qi1, Qiz, Qi)

1 .

1, 2 —1 -5

15 2 —4 0

5 2 2 2




FermionB= &

C.D. Froggatt and H.B. Nielsen, Nucl. Phys.B147(1979) 277
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FermionB

C.D. Froggatt and H.B. Nielsen, Nucl. Phys.B147(1979) 277
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Particle Content

Table 1

U(1) charges of the NG multiplets. The U(1),. U(1), and U(1),
are the unbroken U(1l)’s of coset-subspaces E,/E¢ X U(1).
E, /SO(10) X U(1) and SO(10)/SU(5) X U(1), respectively

SU(5) U(1), u(1), U,
10, 0 0 4
10, 0 3 —1
10, 2 —1 —1
5/ 0 3 3
5) 2 —1 3
55 2 2 -2
1, 0 3 —5
1, 2 —1 —5
1, 2 —4 0
5 2 2 2

E, — E, — SO(10) — SU(5)

e,(—3,0,0), €,(3,0,0),
e(—1,—4,0), €(1,4,0)
e,(—1,—1,-35), &(1,1,5)

E; D Eg x U(1)

56 = 1(3) + 1(—3) + 27(—1) +27(1)
133 = 78(0) + 1(0) +27(2) + 27(—2)
E¢ D SO(10) x U(1)

27 = 1(—4) + 10(2) + 16(—1)

Family Symmetry



. E, = E; = SO(10) — SU(5)
Particle Content & €

Table 1

U(1) charges of the NG multiplets. The U(1),. U(1), and U(1),
are the unbroken U(1)’s of coset-subspaces E,/E.XU(1),
E, /SO(10) X U(1) and SO(10)/SU(5) X U(1), respectively
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3. Unification of L 4 -L 7 and the standard
model gauge group 2106.01520
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SU()| U1 (1)2 U(1
10, 0 0 4
10, 0 3 -1
105 2 -1 -1
57 0 3 3
53 p 1 3
55 2 2 -2
1 0 3 5
15 2 -1 -5
15 p 4 0
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E; — Eg x U(1); — SU(5) x SU(2) x U(1), x U(1)

2
wol v s — SU) x U1 x Ul x ULy, (0
104 0 3 1
10 0 3 1
10; 2 -2 0 In this chain both (5% , 53) and (102,101) appear as
51 0 6 SU(2) doublet at the second breaking.
55 2 1
55 2 1
1, 0 0 ;
1> 2 -5 -1
15 2 5 1
SUGB)ZEHEDETZEIEADIRHIALTT (3 E DIER
TABLE II: U(1) charges of the NG multiplets in breaking CEICICAEA LD ICESE

(3). The U(1)1, U(1)2 and U(1)3 are the unbroken U(1)’s
of coset-subspaces E7/E¢xU(1), E¢/SU(5)xSU(2)xU(1) and

SU(2)/U(1), respectively.
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SU(5) U(1), U(1)2 U(l)gzu_q-

10, 1 -1 1
10, 0 4 0
103 1 -1 -1
5] 1 3

55 2 -2

53 1 3

1 1 -5 1
1> 0 0 -2
1; 1 -5 -1

TABLE III: U(1) charges of the NG multiplets in break-
ing (4). The U(1);, U(l)2 and U(l)s are the un-
broken U(1)’s of coset- Subspaces E7/SO(10)xSU(2)xU(1),

SO(10)/SU(5)xU(1) and SU(2)/U(1), respectively.

E; — SO(10) x SU(2) x U(1),
— SU(5) x SU(2) x U(1); x U(1),
— SU(5) x U(1); x U(1)y x U1y, . (7)

both SO(10) 16=(10;+537+1;) and (103+5%+13) form
an SU(2) doublet at the first breaking. Note that U(1)
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E7 — (SU(6) x SU(2) x U(1),)

— SU(5) x SU(2) x U(1), x U(1),
— SU(B) x U(1); x U(1)y x U(1)5_,
SU(5) U(1)1 U(1)2 U(1)s—p—r
10, 4 2
132 X . B In this chain both (57,5%) and (102,103) appear as SU(2)
51 4 1 doublet at the second breaking.
55 1 -1
f b . 4 wa EQU%EE«@@%&%E oYl
1. 4 5 1 ERLCICED LD
13 0 0 -2

TABLE IV: U(1) charges of the NG multiplets in breaking (5)

The U(1)1, U(1)2 and U(1)s are the unbroken U(1)’s of coset—. :wﬁ“tju ( 1 ) 0)%5*32}&‘:#310 \#L \o
subspaces E7/SU(6)xSU(2)xU(1), SU(6)/SU(5)xSU(1) and
SU(2)/U(1), respectively.
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