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Large symmetry

Spontaneous . eﬂé\oﬂs
symmetry breaking a g\

Ssmall symmetry
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PV by I RGOER
e CE o 083 1959

Davies, McLachlan 1988, 1989
Hatanaka, Inami, Lim, 1998

LHCTED KD ICRDh

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, -3



[50(5) X U(1) in Randall-Sundrum warped space ]

d 82 — G_Zklyldw dx" + dy2 Agashe, Contino, Pomarol 2005
H Hosotani, Sakamura 2006
0 < |y| <li=mR Medina, Shah, Wagner 2007
4 )

e AdS A = —6k2 —

- TeV brane

_— so)xuQ@) |~

St/Z,
( Orbifold BC w
e I\ J
A, A,

() @-w =r (2 ) @wE]

A A
(A:) (:B,Tl'R—y) = P (_Xy) (m,ﬂ'R—|—y)P]T
\ J

\_ y
Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, -4

Planck brane




| 4D gauge bosons and Higgs |

~

J

Y

~

Wz

A, ~

Ay ~

b1
b2
¢3
P4

b1 + ’5¢2]
Py — 13

D Higgs ?oublet
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\_

Matter content

[Chiral fermions on orbifolds]

\I’(ZB, _y) — '75PO\IJ($7 y)

U(x,tR—y) =~v"P,¥(x, 7R + y)

J

(=

( zero (light) modes)

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, -6



Matter content

YH, Noda, Uekusa 2009
(YH, Oda, Ohnuma, Sakamura 2008)

-
Planck brdne

[ Quarks ]

(Brane scalar
scalar)
P (Ov §)
(@) #0

[Leptons]

N\

\td 2

SO(5) xU(1)

vector rep

>, 3) @ (0,0)

\_

.
[ Ve

T
Lqxy
Livi

~

\ 7% L

V(x, —y) = P0'75\];

(/szﬂ
Loy
Lsx1
Lsy1

\\ zry

0,

(x,y)

J
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Absorbed by W & Z

Physical “Higgs”

~

Higgs boson as an AB phase in extra dim

eiéH(w) ~ P exp {zg/ dyAy}
© C

. B - H(x)

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, -8



2 (_Effective interactions ) \

AB ph by = O+ fu = KK
phase  On =0n + - fu= Z=—

\_ J

— V. ( éH) YH 1983, Oda-Weiler 2005
° Falkowski 2007

R 1 R
—mW(HH)2W;W“ — gmz(gH)2Z“Z“
Sakamura-YH 2006, 2007

—MmMy (é H ) E f Y f YH-Kobayashi 2008

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, -9



Gauge-Higgs SM
“ o 1
mw () ~ §ng sin 0 gy EQ(U+H)
A " 1
Orr) ~ in @
mz(0m) ZCOSHWQfH sin O 2COSHW/Q(%LH)
periodic
X X nonlinear H)
mys(0) ~ yrfsinOy yr(vt
O = 077 + H
TR fa
s \
WWH
Z7ZH =SM X (cosOg
> kYukawa)
s \
WWHH > 00
| ZzHH | T SM X (cos 20

J

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 10



: 4
Energy density /m7.

< )
U U
) gauge
s By/m
0.5 . 1.5 0
total
fermions
27 = 10%°
L W,

[ EW symmetry breaking by Hosotani mechanism]

[ WWH, ZZH, Yukawa = 0 J

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 11



Masses & Yukawa couplings

H

6
saEmaRE ="

/
QA@'Y "P

v, ¥Yr couple by gauge int.

O 1

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 12



m (0 )P

_ H _ H? _
— m(gH)¢¢ + m(l)(gH)_¢¢ + lm(2)(gH)_2¢¢ 4+ ...
TH 2 TH
Yukawa
X myg _ o -
2f%
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Hparity H —» —H

_I_ W(n)’ Z(n)’ »y(n), gluon(n), q(n), e(n)’ ool
Py =
— H®™ w'n) zin) g/(n) pr(n) ...

Higgs field :  the lightest Py -odd field.
WWH, Z2ZH, Yukawa = 0O

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 14



Stable Higgs =% Dark Matter

Relic abundance

—_
—_

= Gauge-Higg

WMAP

—_——

— semi-analytic ]
—— micrOMEGAs
— WMAP

%O 30 40 50
Higgs mass (GeV)

60

70

80 90 100

[ WMAP data

$ mg ~ 70 GeV ]

<L

10°

1010

1015

m gy

72 GeV

108

135
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How to see the Higgs bosons at LHC/ILC

s ™ - ~
Production: . Stable Higgs boson
L
?..VY.)‘-‘-‘--\H —
*
L 4 . .
Z. . ZHW missing enerqy,
N a9’ . 5
Vot missing momentum
‘%/_“‘ ‘o, Iy N y
I \ (" h
L I>O‘“ H Cheung, Song, 1004.2783
eVt g Alves, 1008.0016
\ Y, v, v background
hard at LHC, possible at ILC
\§ J

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 16



YH, Tanaka, Uekusa, 1103.6076

-
-
-

I 400 500 600 700 800 900 100

Vs

major background ete” — Zvi

Polarized e—
Vs =T750GeV ,zp = 10'°, M,;;s > 250 GeV, |cos 0| < 0.6

L >2.0ab™ ! for 50

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 17



Gauge couplings
precision measurements

Forward-backward asymmetry in ete™ — Z — 22, qq

/Z-decay widths (branching fractions)

No. data SM zr : 10 | zz : 1010 | 2z : 10°
sin® Oy, 0.2312 0.2309 0.2303 0.2284
Y2 (AFB) 6 10.8 6.3 6.4 7.1
x2(Z decay) 8 13.6 16.5 37.7 184.5

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 18
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[1stKKrnodesJ

;mass h
| Z7, 101° Z7, 10°
MKK 1466 836
02 04 06 08 10 Z(l) 1130 653
Zd Opn/m
S gluon(l) 1144 678
u® 1361 1037
wwwwwwwwwwwwwwwwwwww $(1) 1121 634
0.2 04 0.6 0.8 1.0
xS On/m in GeV
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[ KK Z(l)J

ZL 10° 101°

m 653 1130

I 101
in GeV

[ Large couplings for right-handed quarks and lepton j

~ X 10

@e width

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 21




Search at Tevatron

1071

o (pb/bin)
|

10—3 —

S

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 250 500 750 1000 1250 1500

m = 653 GeV, I' =101 GeV

signal o = 1.8pb

pp — 7' — e et

é )
m(e—1,e+1)
T | T T T T | T T T T
1071 —
—
S
;510_2 = —
~
e
‘52:10—3 — -
b 3
1074 3
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 H ]
0 250 500 750 1000 1250 1500
m = 1130 GeV, I' = 415 GeV
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\_ _J

£>l 2y > 1015
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Events /5 GeV

Events
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KK Z at LHC (3.5 + 3.5 TeV)

—-
o —
| o

— o

._
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KK Zat LHC (3.5 + 3.5 TeV)

N\ )
ey ]_ — 1 o —_—
qq — ZY — eTe q9 — qZ® s jet + ete
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[ KK z® |
[ Large couplings for right-handed quarks and lepton ]

r =~ N
Rapidity distribution
wider than e"' (m PP colllder)

\. Y J J
Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 26




{ KK gluon(l) J

Strong couplings for right-handed quarks

Couplings/g,
UR 6.32

CR 6.04
tr 5.60

I' ~13m
Perturbation theory breaks down.

No peak.

Similar for KK photons.

Y. Hosotani, ICEPP, U. of Tokyo, 14 April 2011, - 27
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