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Gauge-Higgs Unification in 5 dimensions

4-dim. components Aµ extra-dim. component Ay

Hosotani 1983, 1989
Davies, McLachlan 1988, 1989
Hatanaka, Inami, Lim, 1998
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Planck brane TeV brane
AdS Λ = −6 k2

�
Aµ

Ay

�
(x, −y) = P0

�
Aµ

−Ay

�
(x, y)P †

0

�
Aµ

Ay

�
(x, πR − y) = P1

�
Aµ

−Ay

�
(x, πR + y)P †

1

Orbifold BC  

SO(5) × U(1)

Agashe, Contino, Pomarol  2005
Hosotani, Sakamura 2006
Medina, Shah, Wagner 2007

ds2 = e−2k|y|dxµdxµ + dy2

0 ≤ |y| ≤ L = πR

in Randall-Sundrum warped spaceSO(5) × U(1)
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(YH, Oda, Ohnuma, Sakamura 2008)
YH, Noda, Uekusa 2009
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Anomaly cancellation

YH, Noda, Uekusa 2009
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Leff ∼ YH 1983, Oda-Weiler 2005
Falkowski 2007

−Veff (θ̂H)

Sakamura-YH  2006, 2007

−mW (θ̂H)2W †
µ
W µ −

1
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mZ(θ̂H)2ZµZµ

YH-Kobayashi 2008−mf(θ̂H) ψ
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H
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Effective interactions

θH ∼ θH + 2π
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Gauge-Higgs SM
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zL = 1015zL = 105
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π

2

EW symmetry breaking by Hosotani mechanism

WWH, ZZH, Yukawa = 0
LEP2 bound is evaded.

mH : 70 GeV ∼ 135 GeV
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H parity 

H : −
all other SM particles : +
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Proof (1) YH, Ko, Tanaka, 0908.0212

Proof (2) YH, Tanaka, Uekusa, 1010.6135

SO(4) � SU(2)L × SU(2)R SO(5)/SO(4)SO(5) :

{ T α } = { T aL , T aR , T â , T 4̂ }

{ T aR , T aL , T â , − T 4̂ }⇒ { T �α } =

Algebra is invariant under 
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PH :

Agashe, Contino, Da Rold, Pomarol 2006
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bulk action invariant under AM → ΩHAMΩ−1

PH -inv

brane interactions PH odd fields do not couple.

Theory is H parity invariant.

At θH =
π

2
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PHHiggs field :   the lightest      -odd field.

Stable

WWH, ZZH, Yukawa = 0
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Stable Higgs  =  Dark Matter
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How to see the Higgs bosons at LHC/ILC

H

Z

Z H
W

W
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Z

Z

H

W

W

Hg
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t
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Production: Stable Higgs boson
＝

missing energy,
missing momentum

Cheung, Song,  1004.2783
Alves, 1008.0016

hard at LHC, possible at ILC
ν, ν̄ background
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sin2 θW

χ2(AFB)

χ2(Z decay)

No. data

6

8

Gauge couplings
precision measurements

EW universality is slightly broken in 4D.

Z-decay widths (branching ratios)
Forward-backward asymmetry in e+e− → Z → ��̄ , qq̄

SM
0.2312

10.8335

13.6264

zL : 1015

0.2309

6.3044

zL : 1010

0.2303

6.4345

zL : 105

0.2284

7.1251

16.5153 37.6908 184.468

zL ≥ 1015
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KK modes
spectrum and production

YH, Tanaka, Uekusa,  in preparation 
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1st KK modes
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zL = 1015couplings/gw

Z(1)Z
uL 0.3485 −0.0400

uR −0.1562 −1.6557

dL −0.4260 0.0488

dR 0.0781 0.8279

tL 0.3219 −0.2058

tR −0.1835 −1.4668

bL −0.4265 −0.5581

bR 0.0781 0.7227
eL −0.2710 0.0311

eR 0.2344 2.5161

µL −0.2710 0.0310

µR 0.2343 2.4201

at Tevatron
p p̄ → Z� → e+e−

2 pb    for
0.3 pb
0.08 pb

zL = 105
signal 

1010

1015

KK Z(1)

Consistent for zL ≥ 1015

m

Γ

1015 105zL

1130 653
385 94

in GeV

Stronger for right-handed
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KK gluon(1)

Strong couplings for right-handed quarks

uR

cR

tR

6.32
6.04
5.60

Couplings/gs

In naive perturbation theory Γ ∼ 13 m

Decays into 
light and heavy, right-handed quarks.
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Summary

Higgs naturally becomes stable.

gauge-Higgs unificationSO(5) × U(1)

EW precision data (gauge couplings)
⇒ zL ≥ 1015

Dark Matter＝Higgs mH ∼ 70 GeV⇒ ⇒ zL ∼ 105

KK modes at Tevatron/LHC
⇒ zL ≥ 1015
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arXiv:0912.3592 [astro-ph.CO]    18 Dec 2009
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FIG. 4: 90% C.L. upper limits on the WIMP-nucleon spin-

independent cross section as a function of WIMP mass. The

red (upper) solid line shows the limit obtained from the ex-

posure analyzed in this work. The solid black line shows

the combined limit for the full data set recorded at Soudan.

The dotted line indicates the expected sensitivity for this ex-

posure based on our estimated background combined with

the observed sensitivity of past Soudan data. Prior results

from CDMS [11], EDELWEISS II [12], XENON10 [13], and

ZEPLIN III [14] are shown for comparison. The shaded re-

gions indicate allowed parameter space calculated from cer-

tain Minimal Supersymmetric Models [20, 21] (Color online.)

a doubling of previously analyzed exposure, the observa-
tion of two events leaves the combined limit, shown in
Fig. 4, nearly unchanged below 60 GeV/c2 and allows
for a modest strengthening in the limit above this mass.

We have also analyzed our data under the hypothesis
of WIMP inelastic scattering [23], which has been pro-
posed to explain the DAMA/LIBRA data [24] . We com-
puted DAMA/LIBRA regions allowed at the 90% C.L.
following the χ2 goodness-of-fit technique described in
[25], without including channeling effects [26]. Limits
from our data and that of XENON10 [27] were com-
puted using the Optimum Interval Method [22]. Re-
gions excluded by CDMS and XENON10 were defined
by demanding the 90% C. L. upper limit to completely
rule out the DAMA/LIBRA allowed cross section in-
tervals for allowed WIMP masses and mass splittings.
The results are shown in Fig. 5. The CDMS data dis-
favor all but a narrow region of the parameter space al-
lowed by DAMA/LIBRA that resides at a WIMP mass
of ∼100 GeV/c2 and mass splittings of 80–140 keV.

The data presented in this work constitute the final
data runs of the CDMS II experiment and double the
analyzed exposure of CDMS II. We observed two can-
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FIG. 5: The shaded green region represents WIMP masses

and mass splittings for which there exists a cross section com-

patible with the DAMA/LIBRA [24] modulation spectrum

at 90% C. L. under the inelastic dark matter interpretation

[23]. Excluded regions for CDMS II (solid-black hatched) and

XENON10 [27] (red-dashed hatched) were calculated in this

work using the Optimum Interval Method. (Color online.)

didate events. These data, combined with our previous
results, produce the strongest limit on spin-independent
WIMP-induced nuclear scattering for WIMP masses
above 42GeV/c2 ruling out new parameter space.
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