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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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( SO(5)xU(1) gauge-Higgs unification J
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4D gauge bosons and Higgs
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Planck brane TeV brane

50(5) X U(l)X

P, = B

=> SO(4) xU()x = SU(2)L xU(1)y
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Higgs boson : AB phase 0u(x) = 0y -

eiéH(w) ~ exp {zg / dy Ay}
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“Gausge principle” for Higgs

my; : finite gauge hierarchy prob : solved

No vacuum instability problem
Consistent at low energies, 8TeV LHC

Oy <01, H— ~~vy, -~

and sgives predictions
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osotani mechanism

Dynamical EW symmetry breaking

Finite Higgs boson mass generated.
Gauge hierarchy prob : solved

No Higgs boson instability prob.




Funatsu, Hatanaka, YH, Orikasa, Shimotani, 2014
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We discover “dark fermions”
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gauge couplings of SM particles : close to SM

Higgs-WW, -ZZ, -qq, -ll : SM x cos 0y

@s self—coupl@
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Large widths

large couplings for right handed quarks/leptons
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W’ search
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ATLAS Preliminary

\s=13 TeV, 80 pb™

—e— Data

—— Background fit

—— BumpHunter interval
---o-- BlackMax, m =4.0 TeV

p-value = 0.79
Fit Range: 1.1 - 5.3 TeV
ly*l < 0.6
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Direct detection . Acr—0.04
np=4, Acy=0.06
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What’s next ?

@Higgs Grand Uni@

EM + Weak + Strong

H/_/
SO(5) xU(1) GHU

H/_/

?
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Size of 5th dim ~~Y MqGguT GUT scale
? coupling unification

pr | VKL

KK scale mix = ke ,
sin O g

mw > 4TeV

Weak scale 100 GeV

Low energies
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@(ll) gauge-Higgs grand unification in D
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Planck brane
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Fits well.




@ Higgs ﬁelD <: 1 (@) ~ P exp {z‘g /C dyAy} f

AL (@, y) = {On fu + H(@) fun(y) +

HHNHH—|—27T

‘/;E(HH)tree =

Higgs field is massless at the tree level.
%E(HH)lloop # 0
—

Higgs field acquires a finite mass at 1-loop.




W tower
S(1;A)C'(1;X) + 2Asin® 6y = 0

Z tower

SC’ + é)\si1129 =S
5 H =

Y boson towers
SC’ 4+ ZX(1 + cos? 0g) = 0 /

sin 0 g mw
MK + Mz — ’
VvV kL cos Ow

mww S.'.lII2 HW —

8

o



SlIl

COS

W32  SpSr(1; A, c32) + (

. sin HH
\:[111 SLSR(]_,A, 611) -+ (COS HH

period

7T




Gauge fields only .08

— 0 = om EW symmetry breaking !

but, Higgs boson becomes stable.
Needs

i /
Fermions W3o, Wi, P,

Brane int. $16\I’1(I)16, Eﬁ\:[llo@]_ﬁ, $16\Il10(]:)>{69 R




Proton decay

MKK << MgQuT

4D SU(5) GUT




Proton decay - suppressed
[

conservation

@ O

dsr
no proton decay
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Proton decay

4D SU(5) GUT

\
_|_

p>ef7roe

Ng =3 Ng =-—1

\

No proton decay
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Summary

@)XU(I) Gauge-Higgs EW Uniﬁc@

Dynamical EW sym breaking

Consistent at low energies

Predictions for 14 TeV LHC




@1) Gauge-Higgs Grand Uniﬁca/ﬁD

SO(11) structure above mxx < wL™!

Coupling unification at mgur ~ L™ ?

Proton decay suppressed
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