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1.Introduction

1-1: motivation

% motivation of introducing extraD
1. weakness of gravity —> large extraD (ADD)
. solution of GUT problems — extraD GUT .

(3) origin of adjoint Higgs ~ — Hosotani mech.

( ) ® AS — 224 dynamics of 5D gauge theory — (3 ,)
s' *

e [ D C 224 — doublet Higgs?
Sz o g |
2 ® WspAs Wsp— Yukawa int?
= origin of Higgs doublets & Yukawa int.
| (gauge-Higgs unification)
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(x”

—-y) = Po(x*,y)

y=0

¢(») = Po(—y) = P*$(y)]

4,(x"
A (x*
V/L(x#
W (x”

—y)=PA,(x*,y)P
~y)=-P4,(x",y)

,—y) =Py (x",y)

"y) = —Pl/jR(x‘u,y

[W(x#>_y) = Pi}/y'ay(xﬂsy)
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1-2. 5D N=1 SUSY GUT on S,/Z,

P: ¢(x*,-y)=Pp(x",y)
A,(x",—y)=PA,(x", y)P

(x*,~y) ==PA(x", y)P

P=(,1,1,1,1)
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1-3. gauge-Higgs unification in SU(6)

- k-
» ¥
. = 1 -
] ¥ .
- M
2 L ELE LY R RN A A BT ETEAICCIILD ?
. . —
] 3
. 3 _1 —_
1 : :
u [
= .
x .

P= P'= | | P parity at y'—> =y’

._1 ......... : _ R (y' =R+ y) o
\ VAN Y H(wR+y)=T ¢(-xR+Y)
=TP ¢(nR—y)
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YU_kaWﬂ ‘? fund. rep. bulk matter

SL=[yiy %, Vol the.

SU(2) singlet
(SMsinglet)

—only vV, Yukawa

(md,e:15rep. m, :201.3!).) Burdman-Nomura

",




1-4. 4D GUT [charge quantization quark lepton

SUB).xSUQ2), xU(1), < SU(5) < SO10)C E, C E, C E,

L12
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1_4 GUT |[charge quantization quark lepton

W,=27°-%,,27+78 -3 78+

W— 133"’ 2133 133

3 :IV/V Py 2248 248
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2. E.GUT

Sz,
2 (V789 78)
@ _Q—WGT/P SU (5) X U(l)v X U(l)

SU(S)xU(LY E xU(1)"

P=1 T=1 .
V . 78 =(4

(gauge) °

24(0 0), + 1(O Y14 1(0 0)X

D /6 6_, + 163] SO .
78 ={(35,1) + (1,3+[(20,3)] ©UOxsuR)

S 78=[45, +1,]+((6 . +1

(SA10)xUAD)

78 ={G5,) + LIP+1(20,3)] oy

nggs

H H
5( D33 5(3—3), 1( 53 1(53)




02e

S'/Z,

78 (W, Wr)x2

O

-Ls*U(s)an)2

E6 <« SUG)XUQD?

P=1 T=I

'V/L :

%110, 5,1003 ]

‘ w;: | [16 +16 6& (S010)-UD), —
TN e 10(4,0)310(—4,0)
Y - 5"(_3,3),5"(3;3)
(5327 (53)

+H6_+16 'QLWIO)XU%

' ' '
24 (0,0)° 1 (0,0)’1 (0,0}

[(20,3) " Uo-so)
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RN AL
SUG)<UQ} - SU(S) U™
P=1 T=1

10(,_1,w3) 9F)(1;3)

10(4,0) ) E(—‘LO)

' -_=l ,
5' (3377 (3:3)
(5327 (53)

A ' '
24 (0,0)> 1 (0,0) ’1 (0,0)
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S'/Z,

27 (W, Wg)

@ @B o |
UGV [ < SUGRU® [we, 2 Wepl . +hc.
P=1 T=1

A% (001 —

| (DUEJXSUQ))IE 10(f—l,l)

W}Ce : —f

J(22)
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~ origin of ch1ra1
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S'/Z,

27 (W, W)

©

SU(S)xU(LY? E6 < SUGB)XUD?

P=1

I'=1

Vi

origin of chiral
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atter) (%1+Q51)X2 ﬂ)—z+ﬂ)2, 10 | x

O, |
SUG<U1Y| (higgs) QS + %_1, i"j4 N 14 & o
| -
W=yr2y,

— —  —
—> 10(4’0)553,3)1 013 10405651003

1y 00/ (535 _ A
H 11 H

+1 X(OO)(1(53)1( 5, 3)+1 =5,-3) (53))

3)10( ~1,1)

— one 5remains in the low energy
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al‘ter) (%1—%% 1))(2 %_24_@)2, 10 BN

©
oy (higgs) QS n %_1, ’1‘: N 14 | m,z_
: ———
W=wp2y,
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(matter) (1!'@1 +i_@1)><2 M, +F92, §0 -

suSxuy (higgs) @4} M) <§”> <$> e

(-5 + gs ~1), ﬁ'_@ + (04) __——

¥ '
+1' X (0, 0)(5( 33)5 (3, 3)+5(3 -39 (-3,3))

H ' H ' _
+ X(O 0) (1(5 3)1 (-5, 3)+1 -5 -—3)1 (5,3))

W 5 y5 1957 + p, 19117

y, ————gsm@ cos@l, yM =—gsin26,/2
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1-generation model

| | _ _
SUGXUQ), xUQ), VotV +¥ . 57+5 +17+1)

- e ®
SUGXL 8% (WL,WEH(%,V/E ), 27:(wl wl)| Sveoxuet .,
o e O

_‘2§+F6'2-,. %,ﬁ) .
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3-generation model

SUSXUM, U, PtV 4V, 57+5 +17+1)

‘(‘//L»WR)JF(WL,WR) 27wl .y )&g@‘w@

©

SU(5)><

(matter) [( 1 +
(higgs) M + 18
e 1+

W = 5,1000°5" + 5, 10°5°5" +5,5 15"+, 111"
(Mm)l/m /14 (Mlo)z/m 12 (M10)3/m 1

m=m,V:om V m, 3m10kV mmkV
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W =y,1010-5" +9,,10:5-5" +2,5-1-57 + M, -1-1
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W =3“10-10- H, + y*°10-5- H,+y"5-1- H, + M, -1-1 _
10, =(Q,U,E), [10,—10,, 10, - 210,, 10, = 1*10,]

.[*/18 A A2 ,14\R
m,; | A0 A 1 2 |(H,)
"4 2 5 R
\ﬂ, A A 1-/
At A 1 1)
my; | A A 11 |(H,)
1 1 I 1 )
/ﬂﬂf /12 /12 /14\ |
m ., At 1 A? (Hd>
4 2
\/1 A A° 1/
| (1 1 11 N\ g
m,; | 1 1 1 1 <i;>
\ I 1 1 1 &
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W =1"10-10-H,+ y*'*10-5- H, + y'5-1- H + M, -1-1

101' = (Qﬁ—ﬁa—E—)i [103 —>103, 102 %/12

| L/ESI /16 /1438 | -A g g " ‘. 8
mo | A5 A0 A (m)
At o)
/14 14 14\
md; AR (Hd_>
11 1)
(20 2 1)
m -/14 ./12 1 (Hd>
\2,4 A? 1
(11 1) Lo\2
m,; | 1 1 1 <Hu>
M,
LR
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coefficients of O(1):

determination of O(1) coefficients

l

high rep. Higgs & vector-like fields at high energy

[ 16 vector like, 45 Higgs ...... (Babu-Barr)]'
L .
integrating out heavy fields

U

0  —4d2° 0 4dAt  drt

m,; | —4dAS  cA' OH,), m,;|d/5A dx
0 bA> 1 cl/2 b

A 0 0 | e e

bA* —2cA* 1(H;), m,;| O c

0 —bA* 5 0 25

(b=4, c=3.6, d=2, e=])

di’

dA? (Hd),
1

0 2
2.5 ——<H“>
5 M,

(Maru,Nakamura,NH)
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~When 10, =(Q,U, E), produce hierarchy,

Good Points: |
m,m m,: A A1 -
My img M, m,imy, i, At A2 f
m, :m, -m, > 1:1:1 :

small flavor mixing in Quark large -ﬂa_V-.o_r mixing in Lepton

B SN e e B T e e R

R T e e R

o S e L e i G e e L e e S RN S SR A e R S ST L L e T T T e D e L e R e e

Bad Points:

m,,m, m,. m

too large U,;, too small V. in order
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modification

© @

+one more [Bh+3,] ar y=0
(M), /m: A%, (M), /m: 1

ms =m, ms,!V. ms-,
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modification

® —®

+one more [Mh +¥] ar y=0 \
(My), Ims A, (My),3/m: 1

My =M, mS,l;V:

WL5'I

( >z 1/2  —1/2 1/2

Viws 5

(172 12 22 )

-2 12 1/\/52
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3. E,GUT

1
4
S/ &D (1/13332133)

—B % Salo)XU(DXXU(DZ

SOUOXUQ E7 =STX10) xU(1)"
. P :1 T =1 45(0 0)' +1(0 O)X 1(0 0)Z
V(gauge) 133 =7 D27, +27 1] EXU,)

133 :@,1)+(,)>]+ ((32.2)] @)

133 =((66,1)+ (1,3

(BxU),)

\[(32",2)] s
¥ Higgs
— H H
10?1 21y 10(2,——-1), 1(4 Nk 1(—4 ~1)
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S'/Z,

33: W0 — —
© @ o ,
SO10)xU(1)* E7 < SO0))U(D)* L =[Wsnzs'-l//5D ]_ g2 + h.c.
P=1 T=1 |
y,: 133 = f?7 +27. 1] _(EXUD,)

133 =[78, +1,1+K27, + 27 Dt

133 = [(66, 1)+(1 3)]

16(_.3_,0)9-1’_6(3:0)- |

(112

1——6-(—1,—1

133° =[(66,1) + (1,3)]

(SAXSU)
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S'/Z,

133: (¥, ¥z)

@B

©

SX10)xUQY E7 < SO10)XU(1)*

P=1 T=1

L= [WSCD Zs Wsply + h.c.

Vi

Yr

6(—3,‘0)916(3,0)

(L,1)>

E(—l,—l
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(matter)

(higgs = T4,1) -I-‘ (-4-1) Ko,n -+ %lo,—l)

(I «Fr) §) + (8

hierarchy

7,,16°16°10"
=-2gs1n26,

P
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4. E,GUT

1 Z' '
S/ (V248 Z248)

© @y EXSUQXU(])
ExSUR)xU(D) Eé =TT 0 ' }
P=1 T=I (80,403, 0D,
V qauge) - 248 [ 78 1)+ (1 8 N+[(27,3)+ (27 3)]

248 = (33, 1)+()j+[(56 2]
> 248:[(78,1)+(1,8)]+@)+(@

(£ ><SU('J’)) -

(EXSUR)

EXSUG)

(BEXSUR)

248 =[(133,1) + Qﬂ(j% 2)]
| Higgs

Q7.0%, 7,02
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S'/Z,

248 (¥, ¥r)

W, 248 =[(78,1)+(1,8)]+[(

248 =[A33,1) + (LHH56:27] EXSUR)

(27,1)2,(5,.1)_2

O @ s
EXSUQXUN) By <« BxSUQXU) L=[yip s Wipl, +he. |
P=1 T=I _ . |
v.: 248=[(C 1[(27,3)+ (27, 3)](J%><SU(3)) _

{(7 8, 1)0 s (19 3)0 3 (19‘1)6)

248° =[{33,1) + AL.IESE DT sy
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S'/Z,

248 - (W, W)

© Z

E xSUQ)XUQ) Eé <« ExSUQXU()

P=1 T=1

Vi

) 16(_3,0)

H
10(21_2)1 6
(SO(0)XU(1)*)

many un-wanted fields

(L2)

21(78,1)0,(1,3);) ;(1,'1)‘,,

’ (27, 1)2 , (ﬁa 1)—2
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S.summary and discussion

5D E, E7, Eg GUTson S/Z e H C 224 — doublet Higgs

® WSDA WSD — Yukawa ints.
= origin of Higgs doublets & Yukawa int.

gauge-Higgs unification!
E¢: bulk matters = adjoint & fund.
E, o: bulk matters = adjoint

- Y SUSY br.

1. Giudice-Masiero: [2°1,=> U 2. Scherk Schwarz: = u
Y TD-splitting: |

1. non-local OP 1n W: :>Pexp(.f2dy)

2. missing partner in bulk: (example E)
(1728,1728°) 5 (06,7500 o) (17281728715 (50, 1,750

17286 278 1728 D<75(0 )5( 3,3) 50(3 D, 1728 278 1728 475((:))5(3 ~3)50( 3,-1)
SG1), 531,




