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Gauge-Higgs Unification in 5 dimensions

4-dim. components Aµ extra-dim. component Ay
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Medina, Shah, Wagner 2007

ds2 = e−2k|y|dxµdxµ + dy2
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YH, Oda, Ohnuma, Sakamura 2008
YH, Noda, Uekusa 2009
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Leff ∼ −Veff (θ̂H)

−mW (θ̂H)2W †
µ
W µ −

1
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mZ(θ̂H)2ZµZµ

−mf(θ̂H) ψ
f
ψf

θ̂H = θH +
H

fH

fH =
2

√
kL

mKK

πg
AB phase

Effective interactions at low energies

θH ∼ θH + 2π
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H
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SU(2)L ↔ SU(2)R

T 4̂ → −T 4̂
PH :

Agashe, Contino, Da Rold, Pomarol 2006
T parameter Zbb̄

H parity 

SO(4) � SU(2)L × SU(2)R SO(5)/SO(4)SO(5) :

{ T α } = { T aL , T aR , T â , T 4̂ }
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PHHiggs field :   the lightest      -odd field.
WWH, ZZH, Yukawa = 0

θH =
π

2

H : −
all other SM particles : +

Stable
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Collider signatures

Higgs pair production

◊ Precision measurements at low energies
◊ KK modes: Z(n) , γ(n) , t(n) ,

◊                   Absence of single-Higgs productionθH = 1
2
π

Higgs = missing energy, momentum
hard to confirm at LHC/ILC

Cheung, Song,  1004.2783, Alves, 1008.0016
YH, Tanaka, Uekusa, 1103.6076

ν, ν̄ background
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Gauge couplings
precision measurements

◊  Z-decay branching fractions

◊  Forward-backward asymmetry in e+e− → Z → ��̄ , qq̄

zL ≥ 1015

sin2 θW

χ2(AFB)

χ2(Z decay)

No. data
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mKK 1466 836

in GeV

1st KK modes

1361u(1) 1037

t(1) 1121 634

Z(1) 1130 653

1144 678γ(1), g(1)
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Large widths

Larger couplings for right-handed quarks and lepton
∼ × 10

KK Z(1) & γ(1)
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8 6 Dilepton Invariant Mass Spectra
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Figure 2: Invariant mass spectrum of µ+µ− (left) and ee (right) events. The points with error
bars represent the data, and the filled histograms represent the expectations from SM processes:
Z/γ∗, tt, tW, diboson production, Z → ττ and the multi-jet backgrounds. The open histogram
shows the signal expected for a Z�

SSM with a mass of 750 GeV.
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Figure 3: Cumulative distribution of invariant mass spectrum of µ+µ− (left) and ee (right)
events. The points with error bars represent the data, and the filled histogram represents the
expectations from SM processes.
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Z�
SSM :

Γ
M

= 0.03

M > 1140 GeV
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FIG. 1: Dielectron invariant mass (me+e− ) distribution after
final selection, compared to the stacked sum of all expected
backgrounds, with three example Z′

SSM signals overlaid. The
bin width is constant in logme+e− .

TABLE I: Expected and observed number of events in the
dielectron channel. The uncertainties quoted include both
statistical and systematic uncertainties. The systematic un-
certainties are correlated across bins and are discussed in the
text. Entries of 0.0 indicate a value < 0.05.
me+e− [GeV] 70-110 110-130 130-150 150-170 170-200

Z/γ∗ 8498.5 ± 7.9 104.9 ± 3.3 36.8 ± 1.3 19.4 ± 0.7 14.7 ± 0.6
tt̄ 8.2 ± 0.8 2.8 ± 0.3 2.1 ± 0.2 1.7 ± 0.2 1.7 ± 0.2

Diboson 12.1 ± 0.9 1.0 ± 0.2 0.7 ± 0.2 0.5 ± 0.2 0.5 ± 0.1
W + jets 6.0 ± 1.8 3.7 ± 1.2 1.2 ± 0.5 1.3 ± 0.5 1.2 ± 0.4
QCD 32.1 ± 7.1 8.4 ± 1.8 5.5 ± 0.8 3.2 ± 0.6 2.8 ± 0.8
Total 8557.0 ± 10.8 120.9 ± 4.0 46.4 ± 1.6 26.2 ± 1.1 20.8 ± 1.1
Data 8557 131 49 20 18

me+e− [GeV] 200-240 240-300 300-400 400-800 800-2000
Z/γ∗ 9.5 ± 0.4 6.0 ± 0.3 3.2 ± 0.1 1.6 ± 0.1 0.1 ± 0.0
tt̄ 1.2 ± 0.1 0.9 ± 0.1 0.5 ± 0.0 0.2 ± 0.0 0.0 ± 0.0

Diboson 0.4 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0
W + jets 1.1 ± 0.4 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.0 ± 0.0
QCD 1.9 ± 0.8 1.3 ± 0.7 0.8 ± 0.4 0.5 ± 0.2 0.1 ± 0.1
Total 14.1 ± 1.0 8.8 ± 0.7 4.8 ± 0.5 2.7 ± 0.3 0.2 ± 0.1
Data 13 9 3 3 0

data. The p-value which quantifies, in the absence of sig-
nal, the probability of observing an excess anywhere in
the search region m!+!− > 110 GeV (! = e or µ), with a
significance at least as great as that observed in the data
is evaluated [44]. Since the resulting p-values are 5% and
22% for the electron and muon channels, respectively,
no statistically significant excess above the predictions of
the SM has been observed.
Given the absence of a signal, an upper limit on the

number of Z ′ events is determined at the 95% confidence
level (C.L.) using a Bayesian approach [44]. The invari-
ant mass distribution of the data is compared to tem-
plates of the expected backgrounds and varying amounts
of signal at varying pole masses in the 0.13-2.0 TeV range,
a technique used in Ref. [45]. A likelihood function is de-
fined as the product of the Poisson probabilities over all
mass bins in the search region, where the Poisson prob-
ability in each bin is evaluated for the observed number
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FIG. 2: Dimuon invariant mass (mµ+µ−) distribution after
final selection, compared to the stacked sum of all expected
backgrounds, with three example Z′

SSM signals overlaid. The
bin width is constant in logmµ+µ− .

TABLE II: Expected and observed number of events in the
dimuon channel. The uncertainties quoted include both sta-
tistical and systematic uncertainties. The systematic uncer-
tainties are correlated across bins and are discussed in the
text. Entries of 0.0 indicate a value < 0.05.
mµ+µ− [GeV] 70-110 110-130 130-150 150-170 170-200

Z/γ∗ 7546.7 ± 7.1 98.4 ± 3.1 33.4 ± 1.1 17.2 ± 0.6 12.8 ± 0.5
tt̄ 6.0 ± 0.6 2.4 ± 0.3 1.7 ± 0.2 1.2 ± 0.1 1.2 ± 0.1

Diboson 10.0 ± 0.5 0.8 ± 0.1 0.6 ± 0.0 0.5 ± 0.0 0.4 ± 0.0
W + jets 0.3 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
QCD 0.1 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Total 7563.0 ± 7.2 101.6 ± 3.1 35.7 ± 1.2 18.9 ± 0.7 14.4 ± 0.5
Data 7563 101 41 11 11

mµ+µ− [GeV] 200-240 240-300 300-400 400-800 800-2000
Z/γ∗ 7.8 ± 0.3 5.1 ± 0.2 2.5 ± 0.1 1.3 ± 0.1 0.1 ± 0.0
tt̄ 1.0 ± 0.1 0.7 ± 0.1 0.4 ± 0.0 0.1 ± 0.0 0.0 ± 0.0

Diboson 0.3 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.1 ± 0.0 0.0 ± 0.0
W + jets 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
QCD 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Total 9.1 ± 0.4 6.0 ± 0.2 3.0 ± 0.1 1.5 ± 0.1 0.1 ± 0.0
Data 7 6 2 1 0

of data events given the expectation from the template.
The total acceptance for signal as a function of mass is
propagated into the expectation. For each Z ′ pole mass,
a uniform prior in the Z ′ cross section is used.
The normalization procedure described above makes

this analysis insensitive to the uncertainty on the inte-
grated luminosity as well as other mass-independent sys-
tematic uncertainties. Mass-dependent systematic uncer-
tainties are incorporated as nuisance parameters whose
variation is integrated over in the computation of the
likelihood function [44]. The relevant systematic uncer-
tainties are reconstruction efficiency, QCD and weak K-
factors, PDF and resolution uncertainties. These uncer-
tainties are correlated across all bins in the search region,
and they are correlated between signal and background
except for the weak K-factor which is only applied to the
Drell-Yan background. In addition, there is an uncer-
tainty on the QCD component of the background for the

ATLAS 1103.6218

M > 1048 GeV

Z’ search at LHC
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Z’ Search at Tevatron p p̄ → Z� → e+e−
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LHC   (3.5 + 3.5 TeV) qq̄ → Z(1), γ(1) → e+e−

Large BG from γ(1)
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Asymmetry in rapidity distribution

Much larger couplings for right-handed quarks and leptons
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Summary 

Gauge-Higgs unification can be tested.

EW precision data AF B, Z decay
 search (Tevatron/LHC)Z(1) ⇒ zL > 1015

Find         at LHC.Z(1)

Asymmetry in           distributione+e−

Γ/m ∼ 0.4

Higgs can naturally become stable.
Higgs = missing energy/momentum
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