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Georgi NPB156 (1979) 126, Wilczek and Zee PRD25 (1982) 55373 & %#
- Coset G/HICHIFTANGT TIL=AY

E-/[SU(B)xSU(3)xU(1)] — 3 x [5*+10]

Kugo and Yanagida PLB134 (1983) 313

- REIRTTICHIZ DD VD o T @R TTIESR

FRI2ZRTHIZ P DQAMICH (T D EEREDHERE — ALK

- P/ —BREH

6:X7TSU(2), global? ./ ¥ U —18% — B = 0 (mod 3)
Dobrescu and Ponton PRL87 (2001) 031801




“Family unification”
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2. EEDFRIRIC

Family unification
1. 12027 T)IL=AV¥YhHhi5, DVIND MEERIC

3tRq - IO A B masslesshDno massless exotic fermion
2927 TIL=AVWY(R,), W(R,), W(R3), -

Mo, Z

VIND MERRIC 3

g - IDMHDH massless
M DOno massless exotic fermion

3. 1207 )L=AWHS, JVIND MEBEEIC

4. ERDFRIRIC,
M5V IND MBIEIC 3-

+

3 tfXqg - | + some massless exotic fermions

2957TIL=AVVY(R,), V(R,), WV(R53), ..
g - IDMHDH massless

some massless exotic fermions



Family unification (5(0l)

1.1D20 7 )L=AWHSE, JVIND MEBREIC

2. EEDFRIRIC

Mo, Z

3tqg - IDHH masslessHh Dno massless exotic fermion
2957 )IL=AVV(R,), V(R,), W(Ry), -

VIND MERRIC 3

g - IDMHDH massless
M DOno massless exotic fermion

3. 1207 TI)L=AVWHh 5, JVIND MERRIC
3 tfXqg - | + some massless exotic fermions




GeorgiD - 777 nNpe1s6 (1979) 126

- Georgi-Glashow SU(5) GUT 3 x [5* + 10]
D3R BEZXDKEEBEEHSEL L7CL)
- 10(XSUB) D 2[& s X TR F=IR
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+ SUNYN>B)YD 77 /XU —D7EWTEE/RXTHN
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GGOI’QI@?’]’?_‘\T NPB156 (1979) 126

SU(TT) with [4]+[8]+[9]+[10] reps (anomaly free)
[k]: kPE&=E RXIFNERE

1(330x7c) =6* + 6x10* + 15x10 + 20x5+ 15x 1
1(165X7T) =10 + 6 x10* + 15x5% + 20x 1
(
(

1(65%) =10* + 6x5* + 15x1

(L0 ika) = b* £ 61

Total = (1+15+6+1-20) x 5* + (15+1-6-6-1) x10
x [6*+10]!!
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5D theory of gauge-Higgs unification
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Family unificationzZ3RI89 2 6 Rty —Y - E v I RGUT

3

| eXxXjpBZ=3VI\D ML

HRIOA—D - LT VZBRARRLKED

SRITT —Y - Ewv T RAGUT

5RTSUB)T —Y - v T RGUT with [20 + 2x6*]

DA—D - LTV AEEH. exotic fermionsia L DIREY
Lim & Maru, PLB653 (2007) 320

SU(6)D20%1R (Eself-dual(20=20*) D7z (.

3ttt massless(I oI AL

— SU(7)ICH:a9R. Massless exotich'E 2D IERT 73 L




y=7T R

5D SU(7) GGHU theory on S'/Z,

S S1/Z,
Fixed
: point:
g » y=m R y=0
Identification
0y = =Y

- To obtain chiral fermions
- Symmetry Breaking



5D SU(7) GGHU theory on S'/Z,

Z, I\U T«
P, = diag(
P, = diag(+]

T—I%DZ\N) T «
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1,
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& 5 (D EIE

ALXy, Yoi=Y) =+ Po1 Au(X,, Yoity) Pl

As(X,, Yo1=Y) == Po1 As(Xy, Yo1t+Yy) P’
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(+, +) parity’Z(F. massless mode (mass?2 = —0,32)
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2zILEAYD W(-y) = nR(Py) [ sW(y)
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oD theory with Family unification



60D SU(N) theory
GRITLEMEA—E T 4 JLRS/Z,ICD VI MME (STDEER’)

N
/—'/_\
P, =diag(+1,..., +1,4+1,....,+1,-1,..., —1) atz=0, (X6EB
Z,)8U5 4 O &l ) DS
P} =diag(+1,...,+1,-1,...,—1,+1,...,41) atz=axaR
N, st e, s e, s’
- p 7 N=7+p+Q

AnX,, Y, 201-2) = + P'o1AuX s Y, Zg1+2) P’TOJ

As(Xy, Y, Zg1-2) = — P'gq AslXy, Y, Zg1+2) P,TOJ

(M=0,1,2,3,5; 1=0,1,2,3, z5=0, z;=mR’)
gauge symmetry breaking

SU(N) — SU(7) x SU(p) x SU(q) x U(1)?



SU(N) kfgE2 RFFRIR (K] ICBT 2
6D Dirac7 TIL= AV DZ, A

Ky = x-xN),

>

N(PoN X ---x PoN), atz=0, :
N1l ==l
N (PiNx---xP\N), atz=nznR

Ky =) _ (U7, [ml . [mly)



(117, [my, [(N)YRIVDZ, parity w7 7

P} =diag(+1,...,+1,-1,...,—-1,+1,...,+1)

Py = (=1)"n, = (=1)H™(=1)ky,, AR
P = (D" = (1D)""(=1)*1,  (+m+n=kEBWL)

oD chiral fermion®Z, parity (W(-z)=n R(P) [ -W(z2))
U_: (=D)™(=1)" e, (1) (=1)"n,
U, — (=10, —(=1)7"(=1)"n;.

ERFEE. MOBGECES: [V, =W+, [W_=+W_
BIE. -1)kne=+1, ((1)kn’ = +1[I0ES)




TABLE 1. Z, parity assignment of 7, 21, and 35 (and their
conjugate) representations of SU(7). £ are given by the corre-
sponding I'; eigenvalues.

P P

7. +(—1)" +(—1)"
21, Fi=1)" + (-1)"
35, (1) (1
21, te( = 1) +(-1)"
7 F (-1)™ F (—1)"

(R <__. 1)I+m, <__ 1)|+n



MasslessE— K (Z, even) D%

7. *(=Dm (=D T F(=Dm F(=1)r

— (m,n;

(m

(even, even) = 7, T*_7'massless
(odd, odd) — 7_ 7*, A'massless

E : P m q n 5k1+m+n+5k6+m+n)

m,n=even 7. 7%

_ pCm ' an ' (6k,1+m+n + 5k,6+m+n)
m,n=0dd /- 7y

C SU D Blzbt—'ﬂ/\
- n(R4) = n((R*.)°) - R*.& R, CTmassive ° @j%)%%gii

s



Massless

—

< (Z, even)DEL

n§+,+ Z P~ m an (5k 1+m+n+5k6—|-m-|-n)

m,n=even yn T*
o Cm an (5k,l—|—m—|-n + 5k,6+m+n)9
m,n:()dd 7_ 7*+
(+ +) _
21_,k T Cm an (5k,2+m—|—n + 5k,5—|—m—|—n)
m,n=even 21_ 21*,
o pcm ) C]Cn | (5k,2+m+n + 5k,5+m—|—n)9
m,n=o0dd 21, 21*
(+4) _
n3_5_,k o Pcm . an . (5k,3+m—|—n + 5k,4+m—|—n)
m,n=even 35, 35*_

Z PYm q n (5k,3+m+n +5k,4—|—m—|—n)
m,n=o0dd 35. 35%,



3x[(2x7*)+3b5*|D
masslesst— Rz I NI(X ?

b
N=14Il
(P=5,0=2)



TABLE II. Numbers of massless fermions in 7_, 21_, 35_
representations for various k-rank totally antisymmetric tensors
of SU(14).

+ +,
k ng_: ) ”gjc) n;_s_,k)
1 1 0 0
2 0 1 0
3 1 0 1
4 0 1 1
5 -5 1 1
6 1 -5 1
7 3 1 -5
8 1 3 -5
9 0 -5 3
10 -5 0 3
11 0 3 0
12 3 0 0
13 0 0 0




Solution

TABLE II. Numbers of massless fermions in 7_, 21_, 35_

representations for various k-rank totally antisymmetric tensors
of SU(14).

+, +,
I .
1 1 0 0
2 0 1 0
3 1 0 1
4 0 1 1
5 -5 1 1
7 3 1 -5
8 1 3 -5
9 0 -5 3
10 -5 0 3
12 3 0 0
13 0 0 0




TABLE II. Numbers of massless fermions in 7_, 21_, 35_
representations for various k-rank totally antisymmetric tensors

of SU(14).
e omy g e
1 1 0 0
2 0 1 0
3 1 0 1
A 0 1 1
; 5 —3 1 1
Solution
7 3 1 -3
N7+=1+14+1+3=6, Ny1=1+1+1-5+3=0, nz5:==1+14+1=3
10 -5 0 3

11 0 3 0
12 3 0 0

13 0 0 0




Yukawa coupling
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Yukawa coupling

Py 78NS g — kU BlIHE,

JW*A WS ARk
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5D gauge interaction 5D7IIL=AVD
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Summary

T—3 - v I RAKXHE—IBmzihik U.
31'5'1'“& 75:%( el 271 Uy
6D SU(14) gauge theory on (S'/Z,)?
with fermions
in [1]+[2]+[3]+[4]+[0]+[11]+[12] reps

F1HE LT EFINTEIVD, BEERIADBED D (FEL):-



Future issues
1 DOV TILZ AL SIHRELERL
SOEENBE —» RE/ ILEREDRITTHARKEZL)
4-6DFREY: Wilczek & ZeefthZ#

— By I RHHE—F DILRREDESR: 6D SO(20)
NM & R. Nago, arXiv: 2503.12455(1&E3%)

- exotic 7 TILZAVHABRVVEEI A B
- 6DHN54DICEEIYVIND M
- IRENES]  FEEEER etc
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Anomaly cancellation

In our model, all of the fermions are introduced
as Dirac, not chiral = No gauge anomalies

As for the global gauge anomaly,
the 6th homotopy group of SU(14)[1,;(SU(14)) =0

— No global gauge anomaly



Example: EA3KIZ[1]y = NOEIK D B2

N=(1,11)& (1,p,1) & (1,1,9)
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