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Standard Model is successful.
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Gauge-Higgs unification
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Finite Higgs mass

generated.


Gauge-hierarchy problem

is solved.

Gauge-Higgs unification
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Higgs mechanism
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AB phase in the 5th dim

Hosotani mechanism

Gauge sym breaking by gauge inv quantities
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✓H 6= 0 G ! H
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Hosotani mechanism

gauge bosons (W, Z)

quarks, leptons

massive

4D Higgs

Ay(x, y) =
n

fH✓H + H(x)
o

u0(y) + · · ·

Finite Higgs mass generated.



Gauge-Higgs EW unification

SU(2)L ⇥ U(1)Y ! U(1)EM

Higgs :  SU(2) doublet G � SU(2) ⇥ U(1)

Chiral fermions orbifold
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SU(3) on M4 ⇥ (S1/Z2)

SU(3) ⇥ U(1)X

SO(5) ⇥ U(1)X in RS
Agashe, Contino, Pomarol  2005

Kubo, Lim, Yamashita 2002



UV brane IR brane

AdS � = �6 k2

SO(5) � U(1)
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2 = e

�2k|y|
dx

µ
dxµ + dy

2

SO(5)xU(1) GHU in Randall-Sundrum
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Agashe, Contino, Pomarol  2005
YH, Sakamura 2006

YH, Oda, Ohnuma, Sakamura 2008
Funatsu, Hatanaka, YH,  Orikasa, Shimotani 2013

Medina, Shah, Wagner 2007



SO(5) ⇥ SO(4) ⇤ SU(2)L � SU(2)R

4D gauge bosons and Higgs
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UV brane IR brane

quarks/leptons
vector rep

dark fermions 
spinor rep

SO(4) ⇥ U(1) SO(4) ⇥ U(1)

SO(5) ⇥ U(1)

SU(2)L ⇥ U(1)Y
✓H

U(1)EM

Brane scalar
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Gauge principle for Higgs boson

Success

Dynamical EW sym. breaking

No vacuum instability
Ve↵ (✓H + 2⇡) = Ve↵ (✓H)

generated at 1 loop, and finitemH :
Gauge-hierarchy prob. solved.

Almost SM at low energies for ✓H < 0.1
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KK scale mKK = ⇡ke�kL

Weak scale mW ⇠ 80GeV

⇠
⇡
p
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mW

⇠ 7 � 10TeV

Two scales
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EW sym breaking
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zL = 105, ✓H = 0.115

Ve↵ =
m4

KK
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✓H = 0.115 (example)

mZ , ↵, sin2 ✓W

! mKK = 7.41TeV

! c⌧ = 0.950, ce = 1.72

m⌧ , me = 0.511MeV

! ct = 0.227, cF = 0.332

mt = 171GeV, mH = 125GeV



Predictions

Run1のLegacy

• 5 fb-1(7 TeV), 20 fb-1(8 TeV)
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質量

Spin=0	
Parity=even

Higgsの全幅測定：off-shellのeventをカウント

結合定数は 
標準模型通り

性質

Coupling

Run1で未確認
• Ｈ→bb channelの確立(H→ττは確認済み)
• ttH 結合の観測
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(✓H ⇠ 0.1)

Higgs

Hff, HWW, HZZ


couplings
⇠ (SM) ⇥ cos ✓H

Gauge-Higgs



µ ⇠ µSM · cos2 ✓H
BR ⇠ BRSM

Higgs decay H ! j
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Funatsu, Hatanaka, YH,  Orikasa, Shimotani 1301.1744 (PLB)
Funatsu, Hatanaka, YH 1510.06550 (PRD)
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Universality mKK(✓H), mZ(1)(✓H), �H
3 (✓H), �H

4 (✓H)

deviation from SM
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Funatsu, Hatanaka, YH,  Orikasa, Shimotani 1404.2748 (PRD)



Funatsu, Hatanaka, YH,  Orikasa, 1612.03378 (PRD)

Z0 ! e+e�

SM
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✓H = 0.0737
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W 0 ! t b

W 0 ! µ ⌫
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10�5

Z0 ! ZH

14 TeV LHCW’, Z’
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W 0 ! WH

19Funatsu, Poster II (Sat)
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ILC

Gauge-Higgs grand unification

What is next?
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Forward-backward asymmetry 

at 500 GeV, 1 TeV


Funatsu, Hatanaka, YH, Orikasa



Gauge-Higgs grand unification in 5d/6d

UV brane IR brane

YH, Yamatsu, 1504.03817 (PTEP)
Furui, YH, Yamatsu, 1606.07222 (PTEP) 

SO(11) GHU in 5d RS

ds

2 = e

�2k|y|
dx

µ
dxµ + dy

2

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

ds

2 = e

�2k|y|(dxµ
dxµ + dv

2) + dy

2

5th dim6th dim
v ⇠ v + 2⇡R6 y ⇠ y + 2L5

(�y,�v) ⇠ (y, v) YH, Yamatsu (in preparation)
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Quarks & LeptonsIn 6d bulk  32  11

In 5d UV brane 

at y=0

 1

Matter content
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p ! ⇡0 e+
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Gauge-Higgs seesaw mechanism 

for neutrino masses

with  1

⇥
N = 3 N = �1

no proton decay
in the absence of  1



Summary

13/14 TeV LHC: Higgs,  Z’, W’  (6 - 8 TeV)

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

SO(11) gauge-Higgs grand unification

Higgs = gauge boson in 5d
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