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Gauge-Higgs Unification
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The Higgs mass is protected by a gauge symmetry


The Higgs boson obtains finite mass at 1-loop level

Effective potential is written by Wilson line phase


AM = (Aµ, Ay)
<latexit sha1_base64="3c1HfWGt95l/piKO2so30NMXJCI="></latexit>

Higgs boson
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dyhAyi
<latexit sha1_base64="8HtIWW5qP9xa8cRsWVsglQlcrLE="></latexit>

Hosotani mechanism

Y. Hosotani (1983)  

H. Hatanaka, T. Inami, C.S. Lim (1998) 



SO(5) × U(1) GHU
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On the Randall-Sundrum warped (AdS) spacetime

Agashe, Contino, Pomarol (2005)  
Contino, Da Rold, Pomarol (2007) 

Medina, Shah, Wagner (2007)
Sakamura, Hosotani (2007)

Hosotani, Oda, Ohnuma, Sakamura (2008)
SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013) 

ds2 = e�2ky⌘µ⌫dx
µdx⌫ + dy2

<latexit sha1_base64="20SMo3pIwtPs1vPoin9p/yWYbUE="></latexit>

y＝0

UV brane

y＝L

IR brane



SO(5) × U(1) GHU
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WR, ZR
<latexit sha1_base64="Q9PB5hOBN0NKjB20wvD3R1ZRLyM="></latexit>

W, Z, �
<latexit sha1_base64="xm7aS1k77zCJBqr0bJjOvp7RU3I="></latexit>

SO(5)⇥U(1)X

����!
"X*X

SO(4)⇥ U(1)X

' SU(2)L ⇥ SU(2)R ⇥ U(1)X

�������!
"`�M2 BMiX

SU(2)L ⇥ U(1)Y
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>QbQi�MB K2+?�MBbK

U(1)1J
<latexit sha1_base64="pz8Cg+FBCRQAuYDn6gXnu8HHqpY="></latexit>



Higgs couplings
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Γ(H→γγ) and Γ(H→Zγ) are evaluated in  
SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013) 

SF, Hatanaka, Hosotani (2015) 

sinθH corresponds to ξ in MCHMs

HWW

HZZ
' aJ

p�Hm2 ⇥ cos ✓H
<latexit sha1_base64="Vj1Rpk0C10+KiYsPOCgIp0AoH+I="></latexit>

�(H ! WW )
�(H ! ZZ)

' aJ
p�Hm2 ⇥ cos2 ✓H

<latexit sha1_base64="d0zwCtWw1tJGwI91Dx2lwXsZl3w="></latexit>



Comments on MCHM
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Agashe et al, argue

   4D CFT 　　　　　　5D AdS  


 pNGB　　　　　　　　Ay  

holography


GHU on RS = holographic composite Higgs model

GHU has


calculable effective potential

restricted Lagrangian 



Effective Potential
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Both vector-rep. and spinor-rep. are necessary 
to obtain θH ≠ 0, π/2
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matter content
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Two types of the SO(5) × U(1) GHU models

quarks in 5 and non-SM fermions in 4 
 left-handed quarks in (2, 2)  
right-handed quarks in (1, 1)


SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013)

Today’s talk


quarks in 4 and non-SM fermions in 5 
 left-handed quarks in (2, 1)  
right-handed quarks in (1, 2)


SF, Hatanaka, Hosotani, Orikasa, Yamatsu (2019)



Parameters
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k, ekL
<latexit sha1_base64="5JhEOtiEzKgz5JoPkFYH0Flky6M="></latexit>

g(5D)
W , g(5D)

X
<latexit sha1_base64="BNW8YP6uZMFAZvd/29fqX/MFfKM="></latexit>

mZ
<latexit sha1_base64="bUtF9dlzbbeOV0Jg3Pf+mSeo09g="></latexit>

↵1J, sin2 ✓W
<latexit sha1_base64="JOhwfh3i6i4F32NHIDZMXVSR4/o="></latexit>

mt, mb
<latexit sha1_base64="4DxdNUYqNAdzIw1KBQ0z7cId5V4="></latexit>

mH
<latexit sha1_base64="0ZxL7u9NBokx5ZW/SL0YyPcOTFM="></latexit>

✓H , mEE
<latexit sha1_base64="fAj1TNlSKsYhnXP+WxWjzZQFfUA="></latexit>

ekL
<latexit sha1_base64="y88+2OIxh7a/4RmiqCf3nKnB7Uw="></latexit>

cF
<latexit sha1_base64="TgbcQD0xrfH1iuRauCCPjgWPhn0="></latexit>

ct, rt
<latexit sha1_base64="bcSwJ2Xz0m5jm1QVTqTq/mLfdGE="></latexit>

(c ⌘ m(5D)/k)
<latexit sha1_base64="cxCSEAvqH8hT8s7pG+J1SP4rBM4="></latexit>

metric:


gauge: 


fermion: 


One parameter           →                       is determined



Parameters
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✓H ekL |ct| mEE U:2oV
0.10 2.90⇥ 104 0.16116 8063
0.09 1.70⇥ 104 0.11646 8721
0.08 1.01⇥ 104 0.008914 9544

<latexit sha1_base64="8cSf+VRuhLa25YFSoNq23HWzvBc="></latexit>

Upper bound by LHC


Lower bound from top-mass realisation

small θH ⇔ large KK scale



Fermion Localisation
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Left-handed : localised toward the UV brane (c>+1/2) 
  the IR brane (c<+1/2)

Right-handed : localised toward the IR brane (c>−1/2) 
  the UV brane (c<−1/2)


c→−c, the left- and right-handed are reversed

mass is invariant

 L,R(x, y) =
e

3
2ky

p
L

1X

n=0

 (n)
L,R(x)

f (n)
L,R(y)p
N (n)

,

f (0)
L,R(y) = e(

1
2⌥c)ky

<latexit sha1_base64="WPjKQe7mQJztKAmeFh4CbAlTMK0="></latexit>



Fermion Localisation
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Gauge Boson Localisation
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Z(0): localised toward the IR brane very slightly

Z(1): localised toward the IR brane
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Z′ couples with 


IR localised fermion

largely



Z-couplings
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gZeL gZeR

aJ �0.2688 +0.2312
ce > 0 �0.2688 +0.2313
ce < 0 �0.2664 +0.2338

<latexit sha1_base64="AEcq3tiry49KtzeSWLIXivRwdOs="></latexit>

Z-boson couplings in gW /cosθW unit  
for sin2θW = 0.2312 and θH = 0.10, 


For c<0 and θH = 0.10, sin2θW = 0.2290 is required, 


so cl>0 is set. 



Z(1)-couplings

 15

✓H mZ(1) �Z(1)(+,+) (+,�) (�,+) (�,�)
0.10 6585 429 1632 959 2162
0.09 7149 463 1674 1014 2225
0.08 7855 534 1705 1112 2283

<latexit sha1_base64="VwYEsIDvdMxZsu9eO4qA7WqHy8s="></latexit>

bB;M Q7 (cl, cq)
<latexit sha1_base64="+NwqJ82zeTyuiJLPSoIl3PboVnI="></latexit>

gZ(1)eL gZ(1)eR
ce > 0 +0.0987 +0.9148
ce < 0 �1.0535 �0.0858

<latexit sha1_base64="zC1tPlc+PS3C7sdLbPAD8CUZF6E="></latexit>

Z(1)-boson couplings in gW /cosθW unit  
for sin2θW = 0.2312 and θH = 0.10, 



Processes
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f 6= e�
<latexit sha1_base64="XUlMmy4ciXBUv1xAt5WHWdgk/YQ="></latexit>

f̄ 6= e+
<latexit sha1_base64="phXHIGJNlYL61F1y3rfNf2HjpaM="></latexit>

e+
<latexit sha1_base64="3BUXD/uwoV4SWJEnmg7gaURl4j4="></latexit>

e�
<latexit sha1_base64="AnvDhx2o/wdWgHJZ73Qzh7TED3A="></latexit>

�, Z
<latexit sha1_base64="91wNuYKkXVEAklvH0W2+xUuEdl4="></latexit>

�(1), Z(1), Z(1)
R

<latexit sha1_base64="AqyuAwgAafDhQqjvp0TJIzGokGw="></latexit>

Tree level only

Bhabha process: not yet



Polarisation
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d�

d cos ✓
=

(1� Pe+Pe�)

4


(1� Pe↵)

d�LR

d cos ✓
+ (1 + Pe↵)

d�RL

d cos ✓

�

<latexit sha1_base64="7cHGlQUucM/yIgKZxLjR3Ev+dL8="></latexit>

d�

d cos ✓
=

1

4


(1� Pe�)(1 + Pe+)

d�LR

d cos ✓
+ (1 + Pe�)(1� Pe+)

d�RL

d cos ✓

�

<latexit sha1_base64="uIp9RpTTySvQodkfvqZAkfDhdt8="></latexit>

P = +1 : `B;?i@?�M/2/
P = �1 : H27i@?�M/2/

<latexit sha1_base64="5/tN7PVm/roy5BOkqHo00jzmZ6U="></latexit>

Pe↵ =
Pe� � Pe+

1� Pe�Pe+
<latexit sha1_base64="FHYVqMo6G7BQ0G85DeHOZvSlbzI="></latexit>

Ignoring the Higgs exchange, 


It is rewritten by                                     as



Deviation of AFB from SM (cl > 0)


−1.1 % for Peff = 0,        θH =0.10, √s =250 GeV

−2.5 % for Peff = 0.887,     〃

e+e− → μ+μ−
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θH=0.10, s =250 GeV
θH=0.08, s =250 GeV
θH=0.10, s =500 GeV
θH=0.08, s =500 GeV

SF, Hatanaka, Hosotani, Orikasa. Phys.Lett. B775 (2017)

Grey band: 0.32 %

stat. error of SM prediction



e+e− → c̄ c
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Deviation of AFB from SM

cc > 0


−0.33 % for Peff = 0

−0.38 % for Peff = 0.887

cc < 0


+0.98 % for Peff = 0

+1.68 % for Peff = 0.887

Grey band: 0.17 %

stat. error of SM prediction

(θH =0.10, √s =250 GeV)



e+e− → b̄ b
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Deviation of AFB from SM

cb > 0


+1.0 % for Peff = 0

+4.2 % for Peff = 0.887

cb < 0


+1.5 % for Peff = 0

+7.3 % for Peff = 0.887
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Grey band: 0.11—0.80 %

stat. error of SM prediction

(θH =0.10, √s =250 GeV)



e+e− → μ+μ− (preliminary)
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Deviation of AFB from SM (cl < 0)


−1.1 % for Peff = 0,        θH =0.10, √s =250 GeV

−3.9 % for Peff = −0.887,     〃



e+e− → μ+μ− (preliminary)
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Deviation of dσ/dcosθ from SM (cl > 0)


5.8×103 events (0.4 % stat. error) in SM 
for cosθ = [0.8, 0.9], Peff = 0.887 



Summary
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gauge-Higgs unification is a solution to  
the fine-tuning problem of the Higgs mass


KK photon, Z, ZR are Z′s  
They have large coupling asymmetries


7 TeV Z′ effects are seen by √s =250 GeV


