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Explore new dimensions
through gauge-Higgs unification
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1. What is gauge-Higgs unification?

2. Gauge-Higgs EW unification
success and predictions

3. Why grand unification?

4. Gauge-Higgs grand unification
5d unification

5. Realistic gauge-Higgs grand unification
éd unification
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Gauge-Higgs grand unification
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@ha’r IS gauge-Higgs uniﬁcaf@
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Solves the gauge-hierarchy prob./
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Aharonov-Bohm phase
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Finite Higgs mass generated.

dynamical
EW sym breaking



2. Gauge-Higgs EW unification

Agashe, Contino, Pomarol 2005
YH, Sakamura 2006

( SO(S)XU(I) GHU in Randall-Sundrum ]YH, Oda, Ohnuma, Sakamura 2008

J )

ds? = e_2k|y|d:c“’dmu -+ dy2

/ AdS A= —6k? /
Planck brane / SO (5) « U (1) / TeV brane

ng) (¢, y; —y) = P; (fljy) (® 95+ y)P;
(Yo, v1) = (0, L)

[ OrvifoldBC: Py, Py )
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4D gauge bosons and Higgs
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AB phase

eiéH(w) ~ P exp {zg/dy Ay}
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CBrane fermio@
(3,0)
[Brane scalar)

(40,
I

SO(5)xU(1) EW GH A

brane

SO(5) x U(1)

U(1)

[quarks/ lepfons]

vector rep

[ dark fermions j

spinor rep

SUGLx UMy L,




r ¢  Success

Gauege principle for Higgs boson

M ¢ generated at 1 loop, and finite
Gauge-hierarchy prob. solved.

"Almost” SM at low energies for 0y < 0.1

No vacuum instability
Verg (O + 27) = Vg (0x)

Dynamical EW sym. breaking

\_

@ Physics
OSAKA UNIVERSITY



¢ Predictions >

4 N
Higgs decay: p ~ puswm - cos? 0
4 - I
H W H .7 .
Z - . -‘~ | - - -‘~ U :f'n'te
N Wy y
9 Funatsu, Hatanaka, YH, Orikasa, Shimotani 1301.1744  Funatsu, Hatanaka, YH, 1510.06550 y
é )
universality mkx(0u), mza(0u), A3 (0m), A\ (0m)
—~SM | 10000
deviation from S]W\ :
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O = 0.114 O = 0.073
Z' m (TeV) T (GeV)| m(TeV) T (GeV)
zZ) 5.73 482 8.00 553
AS 6.07 342 8.61 494
(1) 6.08 886 8.61 1040
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3. Why grand unification ?

Electroweak + Strong
charge quantization

requirements
Unification of forces
Reproduce quark-lepton spectrum

No exotic particles

Burdman, Nomura 2003 Haba, YH, Kawamura, Yamashita 2004
. Lim, Maru 2007 Kojima, Takenaga, Yamashita 2011
@ Physics Frigerio, Serra, Varagnolo 2011
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«__4. Gauge-Higgs grand unification in 5d >

a

Planck brane SO(11) GHU in 5d RS

YH, Yamatsu, 1504.03817
Furui, YH, Yamatsu, 1606.07222

SO((4) Higgs doublet
_I_’_I_] (‘|‘9—) (_7 ) (_9_) (_9+) (—I_’_I_)

(_|_7 _l_) (—H) (_7_) (+9_)

SO(6)
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EW unification

5d grand unification

SOB5) xU(1)x x SU(3)¢c SO(11)

P =Py, BC > v Po # P

SO(4) x U(1)x X SU(3)c g SO(4) x SO(6)

} v .

SU(2)L x U(l)y X SUB)e £ SU(2)L x U(1)y x SU(3)c

V On v On
U(]-)EM X SU(3)C U(]-)EM X SU(S)C
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Quark/lepton spm
/ SO(10) inv. brane interactions \
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However, light ( exotic fermions ) u,d,é appear.

PN

\ Py # P; in RS. /
o N )
e
no proton decay
=3 Ng=-1
/ Y
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5. Realistic gauge-Higgs grand unification

SO(11) GHU in 6d hybrid-warped space

a work in progress, with N. Yamatsu )

ds? = e ?*lVl(dxtdx,, + dv?) + dy?

6th dim’ 5th dim
v~ v+ 27w Rg y~ 1y -+ 2Ly

(_ya _U) ~ (yv ’U)

AdS A — —10K2 ]
Planck brane /Fév brane
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Parity around 4 fixed points
PO? Pla P27 P3
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No exotic
light particles
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5d grand unification

SO(11)

Py # Py
SO(4) x SO(6)

| o
b o

U(l)EM X SU(S)C
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SU(Z)L X U(].)Y X SU(S)C

SO(4) x SO(6)

¢ D3,

SU(2)L X U(].)Y X SU(S)C

b on

U(l)EM X SU(S)C

=3




More than 5 dimensions
5th dim : EW

6th dim : GUT

Physics ’

OSAKA UNIVERSITY




