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Table 1: ήʔδ݁߹ɿӈͷ SMཝඪ४ܕͰͷΛࣔ͢ɻ

θH = 0.115 θH = 0.0737 SM

(νe, e) 1.00019 1.00009

(νµ, µ) 1.00019 1.00009 1

gWL /gw (ντ , τ) 1.00019 1.00009

(u, d) 1.00019 1.00009

(c, s) 1.00019 1.00009 1

(t, b) 0.9993 0.9995

νe, νµ, ντ 0.50014 0 0.50008 0 0.5 0

e, µ, τ -0.2688 0.2314 -0.2688 0.2313 -0.2688 0.2312

gZL/R/gw u, c 0.3459 -0.1543 0.3459 -0.1542 0.3458 -0.1541

t 0.3449 -0.1553 0.3453 -0.1549

d, s -0.4230 0.0771 -0.4230 0.0771 -0.4229 0.0771

b -0.4231 0.0771 -0.4230 0.0771

gWWZ/gw cos θW 0.9999998 0.99999995 1

1
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<latexit sha1_base64="jjVVYSQhRvq8Yh30/VYzLz/Q1+E="></latexit><latexit sha1_base64="VGCTFbX67MpX3WKN6h9oxni2QWU="></latexit><latexit sha1_base64="VGCTFbX67MpX3WKN6h9oxni2QWU="></latexit><latexit sha1_base64="VGCTFbX67MpX3WKN6h9oxni2QWU="></latexit><latexit sha1_base64="VGCTFbX67MpX3WKN6h9oxni2QWU="></latexit><latexit sha1_base64="OSQdDCnsMidDg4h1bR+Vhbl9c7I="></latexit>
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<latexit sha1_base64="GKYrVnJ+iG/hBfXnNvjIB6p9+xY="></latexit><latexit sha1_base64="YxqOr++FX2piBVi8tQ86EjtJ9lE="></latexit><latexit sha1_base64="YxqOr++FX2piBVi8tQ86EjtJ9lE="></latexit><latexit sha1_base64="YxqOr++FX2piBVi8tQ86EjtJ9lE="></latexit><latexit sha1_base64="YxqOr++FX2piBVi8tQ86EjtJ9lE="></latexit><latexit sha1_base64="aPyWVl4r68mDSkDCkbzj6cMpVek="></latexit>

: finite
gauge hierarchy prob solved

Higgs couplings :
W, Z, q, l ⇠ (SM) ⇥ cos ✓H

<latexit sha1_base64="UsPUCVrVtS785KqMRJTdgpdba10="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="mA0BL5LkY1lrdZ3TQC9xlWwKEO0="></latexit>
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<latexit sha1_base64="628bYYQHj3y073Yr61KZ0rU8x7A="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="gGX075xaqeX6DM2fJ+p4plvtcPg="></latexit>

Higgs boson
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Phenomenology at low energies
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<latexit sha1_base64="UsPUCVrVtS785KqMRJTdgpdba10="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="zpcG/f3A0zEpIE0BU1IC8sNElOY="></latexit><latexit sha1_base64="mA0BL5LkY1lrdZ3TQC9xlWwKEO0="></latexit>

Signal strengths ⇠ µSM cos2 ✓H
<latexit sha1_base64="628bYYQHj3y073Yr61KZ0rU8x7A="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="hMXq1h/QCJuYueONB9LiSLzFW4Q="></latexit><latexit sha1_base64="gGX075xaqeX6DM2fJ+p4plvtcPg="></latexit>
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Kaluza-Klein excitation modes

New Particles

Table 2: KK spectrum

θH = 0.10, nF = 4, mKK = 8.144TeV, zL = 3.56× 104

Z(n) γ(ℓ) Z(ℓ)
R t(n) c(n) u(n)

n (ℓ) mn
mn
mKK

mℓ mℓ mn
mn
mKK

mn mn

1 (1) 6.642 0.816 6.644 6.234 7.462 0.916 8.536 10.47

2 9.935 1.220 – – 8.814 1.082 12.01 13.82

3 (2) 14.76 1.812 14.76 14.31 15.58 1.913 16.70 18.76

4 18.19 2.233 – – 16.99 2.087 20.41 22.37

2
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New Particles

Table 2: KK spectrum

θH = 0.10, nF = 4, mKK = 8.144TeV, zL = 3.56× 104

Z(n) γ(ℓ) Z(ℓ)
R t(n) c(n) u(n)

n (ℓ) mn
mn
mKK

mℓ mℓ mn
mn
mKK

mn mn

1 (1) 6.642 0.816 6.644 6.234 7.462 0.916 8.536 10.47

2 9.935 1.220 – – 8.814 1.082 12.01 13.82

3 (2) 14.76 1.812 14.76 14.31 15.58 1.913 16.70 18.76

4 18.19 2.233 – – 16.99 2.087 20.41 22.37
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Z(1)
RZ(1) �(1)Z0 :

<latexit sha1_base64="j/1BAGd5rLn9FsEBJ0uh7W2NnUQ="></latexit><latexit sha1_base64="/jFFIz19p7AYqkzB4ovI7eChjW8="></latexit><latexit sha1_base64="/jFFIz19p7AYqkzB4ovI7eChjW8="></latexit><latexit sha1_base64="/jFFIz19p7AYqkzB4ovI7eChjW8="></latexit><latexit sha1_base64="/jFFIz19p7AYqkzB4ovI7eChjW8="></latexit><latexit sha1_base64="JB7o0X0cTSgXQEcaoGGhmLcTur8="></latexit>

⇠<latexit sha1_base64="LaqGJvuyV5yfOv7WOSW5Gb9782Y="></latexit><latexit sha1_base64="k9TIywHPnYGhp2uj/oWKzfddhNE="></latexit><latexit sha1_base64="LaqGJvuyV5yfOv7WOSW5Gb9782Y="></latexit><latexit sha1_base64="k9TIywHPnYGhp2uj/oWKzfddhNE="></latexit><latexit sha1_base64="LaqGJvuyV5yfOv7WOSW5Gb9782Y="></latexit><latexit sha1_base64="j6l6lK3JjTXejXs7kJuu1iJQwbw="></latexit> 7 TeV
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Wave functions in 5d

RS : ds2 =
1

z2

⇢
dxµdxµ +

dz2

k2

�
1  z  zL

<latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit><latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit><latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit><latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit><latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit><latexit sha1_base64="j7uY9rPCveg5+fUOIEfc1a8Tu/M="></latexit>
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Z
<latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit><latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit><latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit><latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit><latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit><latexit sha1_base64="bPfWlL2pjtmN+a2CfLbiJOH0NMQ="></latexit>

Z(1)
<latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit><latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit><latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit><latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit><latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit><latexit sha1_base64="B4lykshyh6BKnSRVROsZk3VwrqU="></latexit>tL

<latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit><latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit><latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit><latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit><latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit><latexit sha1_base64="ZGxQEPXQQn4CaKxsD6Q6a4q9KrQ="></latexit>

tR
<latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit><latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit><latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit><latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit><latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit><latexit sha1_base64="MdBaOMv1iew70k9Xn74DnkPuyFg="></latexit>

uL
<latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit><latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit><latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit><latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit><latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit><latexit sha1_base64="ekFf+ZUTI05d379z5LR3gHk11Tk="></latexit>

uR
<latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit><latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit><latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit><latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit><latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit><latexit sha1_base64="lU+jB3kXbzCD1kco6Bp1+9bWtwE="></latexit>

✓H = 0.1
<latexit sha1_base64="K3fJ+9V67brI6K/0Wl0XLMcvaTI="></latexit><latexit sha1_base64="o7ZfmfGQTCbl01mbC0yAnAEM8sU="></latexit><latexit sha1_base64="o7ZfmfGQTCbl01mbC0yAnAEM8sU="></latexit><latexit sha1_base64="o7ZfmfGQTCbl01mbC0yAnAEM8sU="></latexit><latexit sha1_base64="o7ZfmfGQTCbl01mbC0yAnAEM8sU="></latexit>

Dominant components
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µfL + ĝR f̄R�µfR

 

<latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit><latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit><latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit><latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit><latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit><latexit sha1_base64="KtgxYedIB00ML91g76S8tIPHp1I="></latexit>
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Table 2: Z ′ couplings of fermions for θH = 0.0917. Unit is gw/ cos θW . sin2 θW = 0.2312,
cos θW = 0.8768.

SM: Z Z(1) Z(1)
R γ(1)

Left Right Left Right Left Right Left Right
νe −0.183 0 0 0 0 0
νµ 0.5 0 −0.183 0 0 0 0 0
ντ −0.183 0 0 0 0 0
e 0.099 0.916 0 −1.261 0.155 −1.665
µ −0.2688 0.2312 0.099 0.860 0 −1.193 0.155 −1.563
τ 0.099 0.814 0 −1.136 0.155 −1.479
u −0.127 −0.600 0 0.828 −0.103 1.090
c 0.3458 −0.1541 −0.130 −0.555 0 0.773 −0.103 1.009
t 0.494 −0.372 0.985 0.549 0.404 0.678
d 0.155 0.300 0 −0.414 0.052 −0.545
s −0.4229 0.0771 0.155 0.277 0 −0.387 0.052 −0.504
b −0.610 0.186 0.984 −0.274 −0.202 −0.339

Table 3: Z couplings of fermions for θH = 0.0917. Unit is gw/ cos θW . sin2 θW = 0.2312,
cos θW = 0.8768.

GH (θH = 0.0917) SM

Left Right Left Right

νe, νµ, ντ 0.5001 0 0.5 0

e, µ, τ −0.2688 0.2314 −0.2688 0.2312

u, c, t 0.3459 −0.1542 0.3458 −0.1541

d, s, b −0.4230 0.0771 −0.4229 0.0771

2

✓H = 0.0917
<latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit><latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit><latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit><latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit><latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit><latexit sha1_base64="93QESfObtbmFa4Ctz1ofnsuW7pA="></latexit>

Z’ couplings
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+
<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>
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m2
Z ⌧ s ⌧ m2

Z0
<latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit>

(250GeV)2 ⇠ (1TeV)2
<latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit>

+
<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>
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m2
Z ⌧ s ⌧ m2

Z0
<latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit><latexit sha1_base64="UymYWKwYhOVGX3mImorNE25aQP0="></latexit>

(250GeV)2 ⇠ (1TeV)2
<latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit><latexit sha1_base64="YCJu8vl3Xnr+WBl2KU+aw9azdqg="></latexit>

+
<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>

=
X

↵,�=L,R

J(e)⌫
↵ (p, p0)(A↵�

0 + A↵�
Z0 )J

(µ)
�⌫ (k, k0)

<latexit sha1_base64="nN73ECU/p13oadZhthPplybyFOA="></latexit><latexit sha1_base64="/TiNoCJJUK9Y95nvkfUEcPPjzPE="></latexit><latexit sha1_base64="nN73ECU/p13oadZhthPplybyFOA="></latexit><latexit sha1_base64="/TiNoCJJUK9Y95nvkfUEcPPjzPE="></latexit><latexit sha1_base64="nN73ECU/p13oadZhthPplybyFOA="></latexit><latexit sha1_base64="ImADBsBohmn0FOgjWXf1p/g4vxU="></latexit>

⇠
g2
w

cos2 ✓W

⇢
↵�
SM

s
�

↵�
Z0

m2
Z0

�

<latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit><latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit><latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit><latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit><latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit><latexit sha1_base64="ujILdLOYOw+0bfoWB+1b9JGGkGU="></latexit>

↵�
Z0 =

X

V =Z0

ĝV
e↵ĝ

V
µ�

<latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit><latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit><latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit><latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit><latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit><latexit sha1_base64="euTpHnAg0VOsZV7jDASHDUCtqhg="></latexit>
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<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>

(LL
SM,LR

SM,RL
SM,RR

SM) = (0.25, 0.1156, 0.1156, 0.2312)
<latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit>

(LL
Z0 ,LR

Z0 ,RL
Z0 ,RR

Z0 ) = (0.034,�0.158,�0.168, 4.895)
<latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit>
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<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>

(LL
SM,LR

SM,RL
SM,RR

SM) = (0.25, 0.1156, 0.1156, 0.2312)
<latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit>

(LL
Z0 ,LR

Z0 ,RL
Z0 ,RR

Z0 ) = (0.034,�0.158,�0.168, 4.895)
<latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit>

interference effects
Pe� = +1 (right-handed)

<latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit>

M0M⇤
Z0

|M0|2
⇠ �

RR
Z0 + RL

Z0

RR
SM + RL

SM

s

m2
Z0

⇠ �13.6
s

m2
Z0

<latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="5+TaRz/SYLb+DDDWf5gbEyJTvTw="></latexit><latexit sha1_base64="wcuGV08ZCAIyPly2FTohOPdoBCw="></latexit><latexit sha1_base64="wcuGV08ZCAIyPly2FTohOPdoBCw="></latexit><latexit sha1_base64="XRigFcLr4tahgXFCbHY7s74K8R8="></latexit><latexit sha1_base64="5ykU0ngX18adDQpox9WdTB7BUbg="></latexit><latexit sha1_base64="5ykU0ngX18adDQpox9WdTB7BUbg="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit>
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ILC
+

<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>

M =
<latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit><latexit sha1_base64="Zuu08rauvv6uYvmQcuJm1vzEbO4="></latexit>

M0
<latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit><latexit sha1_base64="pfYNVYHm6bz9QnMWMhz2saWN+58="></latexit>

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

<latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit><latexit sha1_base64="8ec8XA3XxMV47K8+Ew9DZ0ylSvc="></latexit>

Z(1)
R , Z(1), �(1)

e+
e�

Z0
<latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit><latexit sha1_base64="zPAaHzHQ2F6hAZhPdir/Z+KanmM="></latexit>

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>

(LL
SM,LR

SM,RL
SM,RR

SM) = (0.25, 0.1156, 0.1156, 0.2312)
<latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit><latexit sha1_base64="unJ67YgewRirgNlkT83/1pQeHXM="> 78K7F9b2q2rIZ41F45mxbNjGhrFtvDF2jX3DN761FlqLraftL+3v7R/tnxPprVYV88S4ttq/fgOmLca4</latexit>

(LL
Z0 ,LR

Z0 ,RL
Z0 ,RR

Z0 ) = (0.034,�0.158,�0.168, 4.895)
<latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit><latexit sha1_base64="0IGEmGLuCdBHVl3aInJcW04lrms="></latexit>

interference effects
Pe� = +1 (right-handed)

<latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit><latexit sha1_base64="2nYOi7LhYqZu/TgE2kmyFF+VgMs="></latexit>

M0M⇤
Z0

|M0|2
⇠ �

RR
Z0 + RL

Z0

RR
SM + RL

SM

s

m2
Z0

⇠ �13.6
s

m2
Z0

<latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="5+TaRz/SYLb+DDDWf5gbEyJTvTw="></latexit><latexit sha1_base64="wcuGV08ZCAIyPly2FTohOPdoBCw="></latexit><latexit sha1_base64="wcuGV08ZCAIyPly2FTohOPdoBCw="></latexit><latexit sha1_base64="XRigFcLr4tahgXFCbHY7s74K8R8="></latexit><latexit sha1_base64="5ykU0ngX18adDQpox9WdTB7BUbg="></latexit><latexit sha1_base64="5ykU0ngX18adDQpox9WdTB7BUbg="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit><latexit sha1_base64="w6rOQ7zjpHT5l+dgdeukTI/kZME="></latexit>

⇠ �0.017 at
p
s = 250GeV

<latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit><latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit><latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit><latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit><latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit><latexit sha1_base64="QXFws/YrUJeeJiqsNOJ6385BIAk="></latexit>
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e+e� ! µ+µ�
<latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit>

Pe↵ =
Pe� � Pe+

1 � Pe�Pe+
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Pe↵ =
Pe� � Pe+

1 � Pe�Pe+
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250GeV

500GeV

-1.0 -0.5 0.0 0.5 1.0
0.90

0.92

0.94

0.96

0.98

1.00

Peff

σG
H
U
/σ
S
M
(μ

+ μ
- )

✓H = 0.0917�GHU

�SM

(µ+µ�)

statistical uncertainty
(250GeV, 250 fb�1)

Interference among �, Z, Z0

4% at Pe↵ = 0.877 at 250GeV
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ILC 250
2000 fb�1

<latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit>

cos ✓ bin width 0.1
<latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit><latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit><latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit><latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit><latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit><latexit sha1_base64="irT18YDQnCh37IuG4qN8dfC676g="></latexit>

F. Richard, 1804.02846

 

8 
 

IV.2 The GHU model at LHC 
 
LHC searches for heavy bosons decaying into leptons provide constraints on this model [5], already 
excluding the first solution, based on ATLAS data collected in 2016. The absence of candidates with 
masses larger than 3 TeV is sufficient to do so. The reason for this precocious sensitivity to high Z’ 
masses is not only due to large couplings but benefits from the very large width of the 3 resonances, 
which reflect the large couplings, as can be seen in table 1.  

Recently [14] CMS has updated these searches with the 2016‐17 data. In 2017, the search restricted 
to ee final states observes one candidate at ~3.5 TeV.  
 
The progress for mass coverage with higher luminosity will be rather slow but, given the large width 
of this resonance and the absence of SM background, one can anticipate a coverage reaching ~8 TeV. 
In case one could double the energy with the HE‐LHC option, this mass limit will also double.  
 
IV.3 The GHU model at ILC250 
 
ILC250 will be able to confirm or rule out this model with a moderate fraction of the statistics as will 
be shown shortly. One could even wonder if LEP2 has already done so. This has been checked and  
the answer is negative. No wonder, since LEP2 has only collected 2.5 fb‐1 without beam polarisation. 
The first figure below shows the angular dependence of the excess in % of the SM signal from its 
 interference with the photon alone (full), and adding the Z‐Z’ interference (dotted). The second 
figure shows the angular dependence of the significance of the signal assuming purely statistical 
errors and a binning in cosT of 0.1. These results are shown for the 1st and 3d solution of [5].  
 

�
 
One sees that while the relative effect is the largest in the backward hemisphere, it significance is 
larger in the forward hemisphere. This illustrates the need to reduce systematical errors in the 
forward region cosT~0.9, where the statistical error reaches 10‐4. For cosT ~0.9, one sees that the 
significance reaches its maximum, to more than 30 s.d. . This effect, with a signal divided by 15 
remains significant and would correspond to a Z’ mass of ~20 TeV.  
    
One can also ask the following question: which luminosity is needed to observe a significant effect in 
the case of the 3d solution, the worse one? The answer is ~20 fb‐1 with eR, that is ~2% of the total 
luminosity. This should happen in the early years of operation. 
 

 

 

Figure 4: On the left, the predicted excess with respect to 
the SM in % due to the Z' exchange. The full curve 
represents the term due to interference with the t‐channel 
photon exchange; the dotted adds the interference Z‐Z’. 
On the right, the expected statistical significance for a 
cosT  bin width 0.1 of this excess at ILC250. The dotted 
curve corresponds to the third solution with mZ’=8.5 TeV. 1 %

2 
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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 

��/�%
<latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit><latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit><latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit><latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit><latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit><latexit sha1_base64="ehs1382SC3PNiHWWjxaCt09DHlI="></latexit>

�N/
p
N

<latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit><latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit><latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit><latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit><latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit><latexit sha1_base64="9IKhNU6Q3jeRXPDQL2Mec0gkOMU="></latexit>

- 4

- 8 % 0.0737
<latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit>

0.115
<latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit>

0.0737
<latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit><latexit sha1_base64="YVjfD+4KCTKgN+dd4I5iNDIbU6w="></latexit>

0.115
<latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit><latexit sha1_base64="wblHn/3AB7B/VgDF+uBGK2mGNE4="></latexit>

e+e� ! µ+µ�
<latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit><latexit sha1_base64="8XBnkjMZ/fFtOJkZMMILxslM/OE="></latexit>



Taikan Suehara et al, ALCW2018 in Fukuoka, 29 May 2018  page 7

Leptonic channels – GHU sensitivity

Clear separation for
any favorable qH

17

� =
d�

d cos ✓

. d�SM

d cos ✓
� 1

<latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit><latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit><latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit><latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit><latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit><latexit sha1_base64="Axi1yG11WsCTf+gtGRRBvZ5elrk="></latexit>

cos ✓
<latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit><latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit><latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit><latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit><latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit><latexit sha1_base64="8kugc3jKis6WNSM2ufmSCTZMEYs="></latexit>

T. Suehara, ALCW2018 

ILC 250
2000 fb�1

<latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit><latexit sha1_base64="BAmSz18t4fFMLHzm4Jnmu5rnBJ8="></latexit>



5

AFB(µ+µ�)

SM

100 200 500 1000 2000

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

s [GeV]

A
FB
(μ

+ μ
- )

d

b

a

e

c

f,g,h

✓H = 0.0917

0.0737Pe↵ = 0.877

Pe↵ = 0

AFB =
�forward � �backward

�forward + �backward

18



AGHU

FB

ASM

FB

(µ+µ�) � 1

0.0737

250GeV

500GeV

-1.0 -0.5 0.0 0.5 1.0
-0.05

-0.04

-0.03

-0.02

-0.01

0.00

0.01

Peff

(A
FBG
H
U
-A

FBS
M
)/A

FBS
M
(μ

+ μ
- )

✓H = 0.0917

statistical uncertainty
(250GeV, 250 fb�1)

Pe↵ = 0.8 6� (4�)250GeV, 250 fb�1

Polarization dependence

19



20

Systematic errors reduced.

Rf,RL =
�(e+e� ! f̄f ;Pe� = +P , Pe+ = 0)

�(e+e� ! f̄f ;Pe� = �P , Pe+ = 0)

Left-right asymmetry



20

b

Rf,RL

µ

SM GHU
f

�� ✓H0.0917 0.0737

0.890

0.349

0.3%

0.3%

�3.4%

�3.1%

�2.2%

�2.1%

250GeV, P = 0.8, 250 fb�1 ⇥ 2

Systematic errors reduced.

Rf,RL =
�(e+e� ! f̄f ;Pe� = +P , Pe+ = 0)

�(e+e� ! f̄f ;Pe� = �P , Pe+ = 0)

Left-right asymmetry



Summary

Gauge-Higgs unification

21

in the early stage of ILC250
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