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good	  points	
1-‐loop	  effecDve	  potenDal	  (Higgs	  mass)	  is	  finite	  .	
Higgs	  potenDal	  is	  given	  by	  the	  gauge	  principle.	

extra	  dimensional	  
	  	  	  	  gauge	  field	 Higgs	  field	

Hosotani	  mechanism	
EW	  SSB	  by	  Wilson	  line	  phase	

Gauge-‐Higgs	  Unifica7on(GHU)	  model	
moDvaDon:	  hierarchy	  problem	

Ay H

✓H

Y.Hosotani	  (1983)	

ei✓H = P exp

(
ig

Z 2⇡R

0
dy Ay

)

cf:	  H.Taniguchi’s	  talk	

2/9	  

,	



extra	  fermion	F
spinorial	  rep.	

(vectorial	  rep.) �

brane	  scalar�

TeV	  brane�Planck	  brane�

brane	  fermions �

ma]er	  contents	

SO(5)⇥ U(1)X
SO(4)⇥ U(1)X! !

B.C.	 brane	  scalar	

Hosotani	  mechanism	

S.Funatsu,	  H.Hatanaka,	  Y.Hosotani,	  Y.Orikasa,	  T.S.	  (2013)	SO(5)×U(1)	  GHU	  Model	
5-‐dim.	  Randall-‐Sundrum	  warped	  spaceDme	S1/Z2

SU(2)L ⇥ U(1)Y ! U(1)EM

Gauge	  bosons	
SM	  fermions	  

3/9	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  K.Agashe,	  R.ConDno,	  A.Pomarol(	  2005)	  
Y.Hosotani,	  K.Oda,	  T.Ohnuma,	  Y.Sakamura	  (2008)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Y.Hosotani,	  S.Noda,	  N.Uekusa	  (2009)	  



+	

extra	  fermion	

=	

total	

Veff Veff

Veff

�H �H

Effec7ve	  poten7al	
	  	  	  	  	  	  	  gauge	  boson	  	  
vector	  rep.	  fermion	

2π	  periodicity	 π	  periodicity	
�H

4/9	  

(spinor	  rep.	  )	



Higgs	  decay	

H

t(n) � W (n)

H�

�

�H �

�F (n)

H ! ��

5/9	  

cf:	  I.Low’s	  lecture	

�(H ! ��) =
↵2g2w
1024⇡3

m3
H

m2
W

����AW

+

4

3

A
top

+

1

2

nFAF

����
2

AW =
1X

n=0

gHW (n)W (n)

gwmW

m2
W

m2
W (n)

F1(⌧W (n))

A
top

=

1X

n=0

y(n)t

ySM
t

mt

mt(n)

F1/2(⌧t(n))

AF =
1X

n=1

y(n)F

ySM
t

mt

mF (n)

F1/2(⌧F (n))



Amplitudes	  a	  finite!	
The	  sign	  alternates	  
	  as	  	  n	  increases.	
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0 20 40 60 80 100!1.0

!0.5

0.0

0.5

1.0

n

I

It

IW

IF

Convergence	X

n

(�1)nn�1

⌧t(n) =
4m2

t(n)

m2
H

,	

,	

(KK	  mode)	

It(n) =

yt(n)

ySM
t cos ✓H

1.011	  (1.001)	  	
θH=0.360	  (0.117)	

ContribuDon	  of	  KK	  modes	  
are	  posiDve	  and	  small.	

6/9	  

⇠A
top

=

1X

n=0

y(n)t

ySM
t

mt

mt(n)

F1/2(⌧t(n))

A
total

A
W

(0) +A
top

(0)



H

t(n)

H ! gg gg ! H,	In	  a	  similar	  way,	
g

g

N.Maru,	  N.Okada	  (2008)	  
A.Falkowski	  (2008)	   7/9	  

�(H ! gg) =
↵2g2w
128⇡3

m3
H

m2
W

���A
top

���
2



Decay	  rate	  and	  Signal	  strength	

Higgs	  decay	  rates	  are	  suppressed	  by	
gGHU ⇠ gSM cos ✓H

cos

2 ✓H
θH=0.360	  (0.117)	 ⇠ 0.91	  (0.99)	

Signal	  strength	
B(H ! X) = BSM

�prod ·B(H ! X) ⇠ (SM)⇥ cos

2 ✓H

couplings	  (e.g.	  HWW,	  HZZ,	  yukawa)	

cos

2 ✓H

8/9	  

�(H ! ��)GHU

�(H ! ��)SM
= 0.93 (0.99)



Summary	

-‐	  ContribuDons	  of	  KK	  modes	  are	  small.	  
-‐	  Sign	  of	  couplings	  are	  alternate	  as	  n	  increases.	  

9/9	  

Work	  in	  Progress	
Dark	  ma]er	
Z’	  search	

�prod ·B(H ! X) ⇠ (SM)⇥ cos

2 ✓H
0.91〜0.99	

Decay	  rate	  and	  Signal	  strength	  in	  SO(5)×U(1)	  GHU	

-‐	  Signal	  strength	  is	  close	  to	  SM	  value.	
�(H ! ��)GHU

�(H ! ��)SM
= 0.93 (0.99)





nF = 3 case	

Current	  data	  say,	
m(1)

Z > 2.5TeV m(1)
F > 0.5TeV,	 .	

ATLAS	  CollaboraDon,	  ATLAS-‐CONF-‐2012-‐129	  
CMS	  CollaboraDon,	  CMS-‐PAS-‐EXO-‐12-‐015	 CMS	  CollaboraDon,	  CMS-‐PAS-‐EXO-‐11-‐090	  	  

mH = 126GeV

11/9	  



Contribu7ons	  of	  amplitudes	
�(H ! ��) =

↵2g2w
1024⇡3

m3
H

m2
W

����FW +

4

3

F
top

+

1

2

nFFF

����
2

✓H 0.117	  	 0.360	  	

8.330	  	 7.873	  	
0.9996	  	 0.998	  	

-‐1.372	  	

0.998	  	

-‐1.305	  	

0.990	  	

-‐0.0034	  	 -‐0.033	  	

6.508	  	 6.199	  	

1.001	  	 1.011	  	
12/9	  

A(0)
W

AW /AW (0)

A
top

(0)

A
top

/A
top

(0)

AF /A
top

(0)

A
total

A
total

/A
W

(0) +A
top

(0)



Amplitudes	  a	  finite!	
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0 20 40 60 80 100!1.0

!0.5

0.0

0.5

1.0

n

I

It

IW

IF

For	  KK	  W	

IW (n) =

gHW (n)W (n)

gwm
(n)
W cos ✓H

⌧a = 4m2
a/m

2
H

⌧a ! 1
F1(⌧a) ! 7

13/9	  

AW =
1X

n=0

gHW (n)W (n)

gwmW

m2
W

m2
W (n)

F1(⌧W (n))



Amplitudes	  a	  finite!	
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0 20 40 60 80 100!1.0

!0.5

0.0

0.5

1.0

n

I

It

IW

IF

For	  KK	  F	

IF (n) =
yF (n)

ySM
t sin 1

2✓H

⌧a = 4m2
a/m

2
H

⌧a ! 1
F1/2(⌧a) ! �4

3

14/9	  

AF =
1X

n=1

y(n)F

ySM
t

mt

mF (n)

F1/2(⌧F (n))



H

t(n)

H

F (n)

H ! gg gg ! H,	

g

g

g

g

Color	  triplet	  case	

15/9	  

�(H ! gg) =
↵2g2w
128⇡3

m3
H

m2
W

����Atop

+

2

3

nFA
F

����
2



Decay	  rate	

is	  suppressed	  10	  %	  (1	  %)	  
including	  contribuDons	  of	  KK	  mode	  	

2%(0.2%).	

Compared	  to	  the	  value	  in	  the	  SM,	  
For	

�(H ! ��)

Higgs	  decay	  rates	  are	  suppressed	  by	

gGHU ⇠ gSM cos ✓H
couplings	  (e.g.	  HWW,	  HZZ,	  yukawa)	

cos

2 ✓H .	

nF=3,	  θH=0.360	  (0.117)	
0.99〜0.91	

16/9	  



Signal	  strength	

Branching	  fracDons	  are	  not	  suppressed	  by	

observed	  event	  rate	  	�prod ·B(H ! ��)

The	  GHU	  model	  predicts	  

	  relaDve	  to	  the	  SM	  is	⇠ cos

2 ✓H

cos

2 ✓H .	

All	  Higgs	  decay	  rates	  are	  suppressed	  by	
cos

2 ✓H.	

ContribuDons	  of	  KK	  mode	  are	  small.	

0.99〜0.91	
17/9	  



parameters	

mZ

mt mb

sin2 ✓W

mH = 126GeV

kzL = ekL

gA gB

ct µ̃/µ2

cFnF

input	  parameters	

gw

zL nF

parameters	

We	  have	  only	  2	  degrees	  of	  freedom.	
18/9	  


