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In search of a Principle
for the 125 GeV Higgs scalar boson

which

regulates Higgs couplings,



explains EW sym breaking, 



solves the gauge-hierarchy prob.

Gauge-Higgs unification
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Gauge-Higgs EW unification

EW symmetry breaking

Aharonov-Bohm phase
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AM in 5 dim.gauge theory

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

Planck brane TeV brane
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Orbifold BC :  P0 , P1

SO(5) � U(1)

Agashe, Contino, Pomarol  2005
YH, Sakamura 2006

y = 0 y = π R

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

Funatsu, Hatanaka, YH, Orikasa, Shimotani 2013, 2014
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SO(5)xU(1) EW

Planck brane
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spinor rep
dark fermions 
 4
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Planck brane TeV brane

SO(5) ⇥ U(1)X
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Hosotani mechanism U(1)EM
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“GGaauuggee  pprriinncciippllee” for Higgs

Why GH ?

gauge hierarchy prob : solvedmH : finite

No vacuum instability problem

Consistent at low energies, 8TeV LHC

✓H < 0.1 , H ! �� , · · ·

aanndd  ggiivveess  pprreeddiiccttiioonnss
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Gauge hierarchy prob : solved

No Higgs boson instability prob.

Hosotani mechanism
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Funatsu, Hatanaka, YH, Orikasa, Shimotani, 2014



gauge couplings of SM particles : close to SM

Higgs-WW, -ZZ, -qq, -ll :  SM x 
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Z(1)
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large couplings for right handed quarks/leptons

12



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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Dominant scattering
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Gauge-Higgs Grand Unification

EM     +    Weak    +    Strong

SO(5) ⇥ U(1) GHU

( (
?

Burdman, Nomura, NPB656 (2003)!
Haba, Hosotani, Kawamura, Yamashita, PRD70 (2004)!

Lim, Maru, PLB653 (2007)!
Kojima, Takenaga, Yamashita, PRD84 (2011)!
Frigerio, Serra, Varagnolo, JHEP 1106 (2011)!

Hosotani, Yamatsu,  arXiv: 1504.03817

What’s next ?
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coupling unification

Low energies

KK scale

Weak scale

GUT scaleSize of 5th dim
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p
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mGUT
⇡

L ?
⇠
Scales
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SO(11) gauge-Higgs grand unification in RS

Planck brane TeV brane
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SO(4) ⇥ SO(6) ! SU(2)L ⇥ SU(3)C ⇥ U(1)Y

Planck brane TeV brane
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ũ3

1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCA

0

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB@

d̃0
3

ũ0
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4D Higgs field ei�̂H(x) � P exp
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Higgs field acquires a finite mass at 1-loop.
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KK Spectrum
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Ve↵ (✓H)

EW symmetry breaking ! ! ✓H = 1
2
⇡

but, Higgs boson becomes stable.

Gauge fields only
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Proton decay

4D SU(5) GUT 5
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ẽ
⌫̃

u2

d2

d̃3

ũ3
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no proton decay
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Proton decay - suppressed
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Proton decay
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gauge-Higgs

N = 3 N = �1

⇥

28

p ! ⇡0 e+

No proton decay



Summary 

Dynamical EW sym breaking

Consistent at low energies

Predictions for 14 TeV LHC

SO(5)xU(1) Gauge-Higgs EW Unification
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SO(11) structure above         mKK ⌧ ⇡L�1

SO(11) Gauge-Higgs Grand Unification

Proton decay suppressed

Coupling unification at mGUT ⇠ ⇡L�1 ?
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