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Gauge-Higgs Unification
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gauge-Higgs in RS warped space 
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A model: Funatsu, Hatanaka, YH,  Orikasa, Shimotani 2013
B model: Funatsu, Hatanaka, YH,  Orikasa, Yamatsu 1902.01603
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gauge couplings

almost SM at low energies ! 
Funatsu, Hatanaka, YH,  Orikasa, Yamatsu 1909.00190
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µ�
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µ+
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m2
Z ⌧ s ⌧ m2

Z0
<latexit sha1_base64="JQIwViPtfNSpU7h2eMVTGY+hIsk="></latexit>
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Table 1: Z ′ couplings: gZ
(1)

L/R/gw, g
Z

(1)
R

L/R/gw, g
γ(1)

L/R/gw

θH = 0.10

Z(1) Z(1)
R γ(1)

Left Right Left Right Left Right

νe 2.7076 2× 10−32 −0.8579 −7× 10−29 0 0

νµ 2.5687 2× 10−31 −0.8163 −5× 10−29 0 0

ντ 2.4739 2× 10−31 −0.7879 −4× 10−29 0 0

e −1.4556 −0.0553 −0.8680 7× 10−12 −2.2792 0.1014

µ −1.3809 −0.0553 −0.8260 2× 10−7 −2.1623 0.1014

τ −1.3299 −0.0553 −0.7972 5× 10−5 −2.0824 0.1013

u 1.8094 0.0369 0.2833 −1× 10−8 1.4680 −0.0676

c 1.7369 0.0369 0.2726 −1× 10−5 1.4091 −0.0676

t 1.3674 −0.3089 0.2177 −0.6955 1.1096 0.5685

d −2.2081 0.1710 0.2731 −0.2515 −0.7325 −0.3111

s −2.1283 0.0915 0.2637 −0.1457 −0.7060 −0.1663

b −1.6724 0.1743 0.2103 −0.2552 −0.5547 −0.3172

1

Z’ couplings : B model
gZ0

L/R/gw
<latexit sha1_base64="DV/HuiDTWAeb24DLxE3SlYHkvNg="></latexit>

left-hand
ed:  larg

e couplin
g

A model right-handed:  large coupling
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m2
Z ⌧ s ⌧ m2

Z0
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(250GeV)2 ⇠ (1TeV)2
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e+
e� Z , � µ�

<latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit><latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit><latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit><latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit><latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit><latexit sha1_base64="10Kxc+bdlSucH8G265QUOx3fimU="></latexit>

µ+
<latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit><latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit><latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit><latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit><latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit><latexit sha1_base64="KS+0RLmi6ALbH0XcG9wH+R+g/NA="></latexit> MZ0
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Z(1)
R , Z(1), �(1)

e+
e�

Z0
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µ�
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µ+
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e+e� ! µ+µ�
<latexit sha1_base64="rcjx4dbBhMZsPZ037zVbUoiR2nU="></latexit>

interference term p
s = 250GeV

<latexit sha1_base64="sp+C+Ez6yFthxE9zgD9A1w/zMbk="></latexit>

M0M⇤
Z0

|M0|2
⇠ �13.6

s

m2
Z0

<latexit sha1_base64="26lxw7vntq5E3LikZGS/Bypmc3s="></latexit>

A model
⇠ �0.017 (✓H = 0.092, Pe� = +1)

<latexit sha1_base64="u7h+SEGU36ClyQA8c6w9AvRY4Gc="></latexit>

B model
⇠ �20.6

s

m2
Z0

<latexit sha1_base64="IR8vlrvMAD9cCziKYnHYuFpZVA4="></latexit>

⇠ �0.014 (✓H = 0.1, Pe� = �1)
<latexit sha1_base64="b/1DV7Z2kp06Hcl6gRKgm00OBGo="></latexit>
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e+e� ! µ+µ�
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Pe↵ =
Pe� � Pe+

1 � Pe�Pe+
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Funatsu, Hatanaka, YH,  Orikasa 1705.05282
Funatsu, 1905.10007



13

Pe↵ =
Pe� � Pe+

1 � Pe�Pe+
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A model

Polarization dep !

Forward-backward asymmetry

B model

✓H = 0.1
<latexit sha1_base64="bOtQgpETgU93jKIqKDMoQrKpu7M="></latexit>

more in Funatsu’s talk
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ILC 250
2000 fb�1
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IV.4 Annihilation channels 
 

IV.4.1 µµ and WW�
 

 

Figure 5: On the left, for mZ’=6 TeV, the 
predicted deficit in ee‐>µµ with respect                                      
to the SM in % due to the Z' exchange. 
The dotted curve corresponds                                                       
to the solution with mZ’=8.5 TeV. On the 
right, the statistical significance of the                                        
effect assuming bins in cosT of 0.1.                                              
The dotted curves correspond to the 
solution with mZ’=8.5 TeV. 

 

 Above distributions can be simply interpreted. Recall that in the annihilation channel one has: 

dVR/dcosT ~(1+cos²T)(RR’²+RL’²)+2cosT(RR’²‐RL’²) 

This distribution peaks at cosT=1 where the cross section ~4RR’² is maximally affected by the Z’ 
contribution, hence the maximum in significance observed in figure 5. Contrary to the ee‐>ee 
channel, the annihilation channels receive a negative contribution from the Z’ exchange, since, as 
already mentioned, below the resonance one has BW’<0.  

A similar effect is expected for the WW channel. 
 
 
IV.4.2 bb and tt 
 
For these modes, table 2 shows that, contrarily to the leptonic case where only RR’ was affected, the 
RL’ amplitude receives a large contribution. 
 
In the b quark case, the selection efficiency for the cross section measurement is quite high, near 
70%, leaving little background [15]. For the angular distribution measurement one needs further 
selections based on b quark charge measurement which leaves about 10% efficiency.  
 

Figure 6: On the left, the predicted 
deficit in ee‐>bb with respect to the SM 
in % due to the Z' exchange, with   
mZ’=6 TeV. The dotted curve 
corresponds to the solution with 
mZ’=8.5 TeV. On the right, the 
statistical significance of the effect 
assuming cosT�bins of 0.1. The dotted 
curves correspond to the solution with 
mZ’=8.5 TeV. 

 

 

For the top quark, one needs to assume an operation at a centre of mass energy 500 GeV. It is 
expected that 2000 fb‐1 will be collected with eR at this energy. The efficiency for the cross section 

20 
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Leptonic channels – GHU sensitivity

Clear separation for
any favorable qH
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Action & gauge principle Composite - strong dynamics

Higgs pseudo-NG bosongauge field
✓HAB phase

Composite HiggsGauge-Higgs
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✓H
vacuum 

misalignment angle
hh i
fh

<latexit sha1_base64="MOikTz9MOGACx5YC00J4dAFLRS0="></latexit>

V (MCHM)cos hh i/fh
<latexit sha1_base64="Tj5xOgYhtkPBmHWfQdktk0zNR5s="></latexit>

cos ✓H
<latexit sha1_base64="+eLz62/R74fVH01vNidCGV+7Ykg="></latexit>

f not fixedcos ✓H , cos2 1
2
✓H

<latexit sha1_base64="PCO8I1VHBwhig2jjUJnKrzXQhDk="></latexit>

Z0 technirho meson
no definitive prediction

Z(1), �(1), Z(1)
R

7�9TeV, 8�12TeV
<latexit sha1_base64="h/q2NZfQMpg/+BqowkVPPL6dMhA="></latexit>

large P/
<latexit sha1_base64="MmTAUtMZcWLet+pb/arowiYV2Y4="></latexit>

constraint ✓H . 0.1
<latexit sha1_base64="OPttUwRdT7xpX1I6bBYCDGSOC3k="></latexit>

✏ = sin hh i/fh . 0.3
<latexit sha1_base64="htiRPnfNgy6OMGxnvlf9SpEkOLM="></latexit>

restrictive 
prediction power
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Z’: heavy
can be explored at 250 GeV ILC.

Polarization dep. tells details of the models.

e+
e� Z , � f

<latexit sha1_base64="sB/KJR4uaeND57bZqnOV6N4Mz64="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit>

f
<latexit sha1_base64="x7CaYTgZw5BN/s/84tSHs0s/koo="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit>

2
+

<latexit sha1_base64="Y6NB0bAKRZFqcHgUbewSAH/HCqE="></latexit><latexit sha1_base64="ZNaBSGDqD6bDnT19STk5hUZsLQg="></latexit><latexit sha1_base64="ZNaBSGDqD6bDnT19STk5hUZsLQg="></latexit><latexit sha1_base64="ZNaBSGDqD6bDnT19STk5hUZsLQg="></latexit><latexit sha1_base64="ZNaBSGDqD6bDnT19STk5hUZsLQg="></latexit>

Z(1)
R , Z(1), �(1)

e+
e� f

<latexit sha1_base64="sB/KJR4uaeND57bZqnOV6N4Mz64="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit><latexit sha1_base64="m68uYHMkmODQRmw5cnF+g5nnHeI="></latexit>

f
<latexit sha1_base64="x7CaYTgZw5BN/s/84tSHs0s/koo="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit><latexit sha1_base64="TTrH2TQLldjvRuqL2PFefGLzwSk="></latexit>

ILC explores new particles/physics.

Summary


