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Higgs decay:  
  Branching fractions:  consistent with SM
No new particles found. 

H ! �� , gg, ZZ, · · ·

125.5 GeV Higgs boson was found.

Gauge-Higgs unification is in Case 3. 
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Case 1: Supports SM.

Case 2: No new physics up to “GUT” or “Planck” ?
Case 3: Indicates new physics at 14 TeV LHC ?  
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�
4D Higgs fields

H

extra-dim. component Ay4-dim. components Aµ

4D gauge fields
� , W , Z

�

Gauge-Higgs unification

EW symmetry breaking

Aharonov-Bohm phase
✓H

AM in 5 dim.gauge theroy

Hosotani mechanism



Planck brane TeV brane

SO(5)xU(1) gauge-Higgs unification in RS

SO(5) ⇥ U(1)X
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Planck brane TeV brane
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U(1)EM

✓H 6= 0
Hosotani mechanism

SO(5) ⇥ U(1)X

SO(4) ⇥ U(1)X
B.C.

SU(2)L ⇥ U(1)Y
h�̂ i

Aµ �

�

⇧⇧⇤

⇥

⌃⌃⌅

W Z �
�1

�2

�3

�4

Ay �

�

�����

�

�����

Higgs

ei�̂H(x) � P exp
�

ig

�

C
dyAy

�
Higgs boson as an AB phase in extra dim

�̂H(x) = �H +
H(x)
fH



✓H(zL, nF )

gauge couplings
Higgs couplings
KK spectrum
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Input - Output
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ct = 0.330 , cF = 0.353

zL = 107 , nF = 3Ve↵ (✓H) =
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Dynamical EW symmetry breaking
Finite Higgs boson mass generated.

gauge hierarchy prob : solved

No Higgs boson instability prob.



Universality

In general, one expects 

2 parameters (zL, nF )

dark fermions

✓H ,mKK,mZ(1) ,�3,�4, · · ·

mZ(1) = mZ(1)(✓H ;nF ) etc.

We discovered

mZ(1) = mZ(1)(✓H)
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Universality
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gauge couplings of SM particles : close to SM

Higgs-WW, -ZZ, -qq, -ll :  SM x 
cos ✓H
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Suppression at tree level

cos �H�
WWH
ZZH

Yukawa
= SM

Higgs boson: Production and decay rates

gg ! H , H ! �� , gg

Enhanced or not ?
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destructive interference
Maru, Okada, 2008
Falkowski, 2008 in sharp contrast to UED

Sign alternates.
n = 1, 2, 3, · · ·



�(H � ⇥⇥) =
�2g2
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H ! ��

✓H
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total
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FF /Ft(0)
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All decay rates �(H � bb̄, cc̄, · · · ,WW,ZZ, ��, gg)

⇠ �SM ⇥ cos2 ✓H

Branching fraction B(H ! j) ⇠ BSM(H ! j)

⇤prod

(H) · B(H ⇤ ��) ⇥ (SM) � cos

2 ⇥H
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S parameter
Tree unitarity
Z’ search

✓H < 0.2



Low energy physics :
close to SM

Need to see other signals
at higher energies.

�3,�4Higgs self-couplings 

Dark matter

Z’
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Z(1)
R , Z(1), �(1)
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Large widths
large couplings for right handed quarks/leptons
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8 6 Statistical analysis and results
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Figure 2: The invariant mass spectrum of µ+µ� (top) and ee (bottom) events. The points with
error bars represent the data. The histograms represent the expectations from standard model
processes: Z/g⇤, tt and other sources of prompt leptons (tW, diboson production, Z ! tt),
and the multi-jet backgrounds. Multi-jet backgrounds contain at least one jet that has been
misreconstructed as a lepton. The Monte Carlo simulated backgrounds are normalised to the
data in the region of 60 < m`` < 120 GeV, with the muon channel using events collected using
a pre-scaled lower threshold trigger for this purpose.
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Dark fermion becomes Dark matter

SO(5) spinor (F+, F 0)

Necessary for having unstable Higgs

F 0 stable DM
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Summary:

Promising !

SO(5)xU(1) gauge-Higgs unification

Higgs boson = gauge field,  fluctuation mode of ✓H

Close to SM at low energies.  Consistent with 8 TeV LHC.

Gauge hierarchy problem solved.

No Higgs instability problem.

Universality in ✓H ,mKK,mZ(1) ,m�(1) ,�3,�4, · · ·

signals in 4 to 9 TeV at 14 TeV LHC.Z0 [Z(1)
R , Z(1), �(1)]

Dark fermions       Dark Matter mF ⇠ 3TeV
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