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2Introduction

Phys.Rev.D51:3888-3894

• Top quark is a window for new physics because of its unique properties
• mass of the order of the electroweak breaking scale, decay before hadronization, ... 

• it plays a special role in several scenarios beyond the Standard Model (SM)

• New neutral heavy resonances (Z′) decaying to 
    tt pairs predicted in many extensions of the SM:

• sequential Z′, little Higgs, axigluons, extra dimensions, ...

• CMS searches for Z′→tt presented here can be
         interpreted in any of these models

• Charged massive gauge bosons (W′) also predicted in many BSM models

• the decay to third generation quarks (W′→tb) is one of the most promising channel

• It has also been proposed top quark may be a composite particle
• a direct test would be to show the existence of an excited top quark (t*)

9Jeannine Wagner-Kuhr Bonn, 12th January 2012

Top quark decay

t → b W ≈ 100 %

SM: 

Decay of top quark pairs

“lepton+jets”-channel:                            
(e+jets and µ+jets)

Moderate background

Relative high branching ratio (~30%)

tt decay modes
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3Analyses presented
• B2G-12-014: search for excited top quarks decaying to a top and a gluon

• 19.6 fb-1 at √s = 8 TeV
• Physics Analysis Summary (PAS)

• B2G-12-010: search for narrow t+b resonances
• 19.6 fb-1 at √s = 8 TeV
• Physics Analysis Summary (PAS)

• B2G-12-005: search for BSM tt production in all-hadronic final state
• 19.6 fb-1 at √s = 8 TeV 
• Physics Analysis Summary (PAS)

• TOP-11-010: search for Z′→tt in the dileptonic final state 
• 5.0 fb-1 at √s = 7 TeV
• Phys. Rev. D 87, 072002 (2013) - arXiv: 1211.3338

• B2G-12-006: search for Z′→tt in the lepton+jets final state 
• 19.6 fb-1 at √s = 8 TeV
• Physics Analysis Summary (PAS)
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4Search for excited top (t*) 
• search for excited top quarks decaying to tg

Event selection
• 𝟣 isolated muon (electron) with pT > 26 (30) GeV

• at least 6 jets with pT > 30 GeV 
  (55, 45, 35 GeV for the first three leading jets)

• at least 𝟣 b-jet

• missing ET > 20 GeV 

 

19.6 fb-1 @ √s = 8 TeV

• Χ2 sorting to choose the best jet combination

• template fit with shapes from MC

8 References
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Figure 2: The observed (solid line) and expected (dashed line) 95% CL upper limits for the
t⇤t⇤ production cross section as a function of the t⇤ mass for µ+jets (top), e+jets (center), and
the combined (bottom) data. The ±1 and ±2 standard deviation ranges for the expected limits
are shown by the bands. The theoretical cross section is shown by the dashed-dotted line.
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Figure 1: The reconstructed top+gluon mass spectrum for data (points) along with the back-
ground fit to the data (curve), and signal distribution (histogram) in the µ+jets (left) and
e+jets (right) channels. The reconstructed masses are those of the jet-quark assignment with
the smallest c2 value for each event.

6 Background Estimation

We use a data-driven method to estimate the background contribution to the signal region. We
model the background from standard model sources using a Fermi-like function:

f (x) =
a

1 + e
x�b

c
, (4)

where x represents the reconstructed mass and a, b, and c are parameters that are determined
by a fit to the data. The t⇤-signal distribution is modeled using simulated samples. Figure 1
shows the fit to the reconstructed top+gluon mass distribution using Eq. 4.

We fit the background function plus the signal model to the reconstructed mass spectrum ob-
served in data above a mass of 350 GeV/c2 (the function describes the tail of the background
distribution, not the peak at low mass). The three parameters of the background function and
the signal cross section are allowed to float during the maximum likelihood fit.

7 Systematic Uncertainties

Systematic uncertainties influence the signal and background predictions for the Mt+g distri-
bution that are used to test whether the observed events are consistent with the signal-plus-
background or the background-only hypotheses. The dominant sources of systematic uncer-
tainties that are considered are described below.

The uncertainty on the background shape is estimated from the uncertainties on the back-
ground fit parameters (a, b, c).

Given that the signal shape is based on simulation, we consider it to be affected by both ex-
perimental and theoretical uncertainties. For each source, we adjust the relevant parameters
in the simulation and create an alternate signal template. We take the relative difference of the
alternate template with respect to the nominal shape, as parametrized by a constant function,
as the estimate of the magnitude of the uncertainty.

Experimentally, the signal may be affected by a number of sources. The integrated luminosity

Limits:  Mt* > 794 GeV (expected 738 GeV)

t⇤t⇤ ! tgtg ! bWgbWg ! l⌫bbjjjj
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5Search for t + b resonances 

Event selection
• exactly 𝟣 isolated lepton with pT > 50 GeV

• at least 2 jets with pT > 120, 40 GeV 

• at least 𝟣 b-jet

• missing ET > 20 GeV 
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Figure 1: Reconstructed W0 invariant mass distributions after the full selection. Events with
electrons (muons) are shown on the left panel (right panel) for data, background and four
different W0

R signal mass hypotheses (1.8, 2.0, 2.5, and 3.0 TeV). All events are required to have
at least one b-tagged jet. The hatched bands represent the total uncertainty on the predicted
backgrounds. For the purpose of illustration, the expectation for W0signal samples are scaled
by a factor of 20.

selection criteria are expected to originate predominantly from the W+jets background. These
events are used to verify the shape of the W+jets background in data. The shape is obtained by
subtracting the backgrounds other than W+jets from the data. The invariant mass distribution
for events with zero b-tagged jets (derived from data) using this method shows agreement with
the same distribution from the W+jets zero b-tagged Monte Carlo sample, thus validating the
simulation. The difference between the distributions is included as a systematic uncertainty
on the shape of the W+jets background. Using MC samples, it was also cross-checked that the
W+jets background shape was independent of the number of b-tagged jets by comparing the
mass distribution with zero b-tagged jets with one produced by requiring one or more b-tagged
jets.

The top pT distribution in data is not well modelled by the simulation. We therefore define
a control region in data which is dominated by tt events in order to reweight the simula-
tion to match the observed distribution. The cuts which define the control region are Njets �
4,Nb�tags � 2, and 400 < M(tb) < 750 GeV, which also ensure small potential signal contami-
nation. We perform a fit to the ratio of data to expected background events using both a Landau
and linear function and reweight the tt samples using the Landau fit. The linear fit and original
distribution are used as systematic uncertainties on the tt shape.

5 Systematic Uncertainties
Systematic uncertainties were evaluated in two ways:

• Uncertainty on the normalization:
This category includes uncertainties in the integrated luminosity (4.4%), object iden-
tification efficiencies (1%), and trigger modeling (1-2%). Also included are uncer-
tainties related to obtaining the heavy flavor ratio from data [25].

• Uncertainties that change both the shape and normalization of the distributions:
This category includes the uncertainty from the jet energy scale, the b-tagging and
mis-tagging efficiency scale factors. For the W+jets samples, uncertainties on the
light and heavy flavor scale factors are also included. The variation of the factoriza-

W 0 ! tb ! bWb ! lv⌫bb

19.6 fb-1 @ √s = 8 TeV

• likelihood fit to a background model taken from MC

• search for W′ bosons decaying to tb

• arbitrary combinations of left- and right-handed couplings allowed

• constraint on reconstructed top mass to solve ambiguity on jet assignment

• neutrino z momentum from W mass constraint

W 0 ! tb ! bWb ! lv⌫bb
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6Search for t + b resonances (II) 

6.2 Limits on Coupling Strengths 7
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Figure 2: The expected (dashed black line) and observed (solid black line) 95% C.L. upper limits
on the production cross-section of right-handed W0 bosons obtained for the electron (left) and
muon (right) channels, along with the ±1s and ±2s uncertainty on the expected exclusion.
The theoretical cross-section for right-handed W0production is shown as a solid (dot-dashed)
red line, when assuming light (heavy) right-handed neutrinos.
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Figure 3: The expected (dashed black line) and observed (solid black line) 95% C.L. upper
limits on the production cross-section of right-handed W0 bosons obtained for the combination
of the electron and muon channels, along with the ±1s and ±2s uncertainty on the expected
exclusion. The theoretical cross-section for right-handed W0production is shown as a solid
(dot-dashed) red line, when assuming light (heavy) right-handed neutrinos.

We vary both aL and aR between 0 and 1 in steps of 0.1, for each W0 boson mass value. For each
of these combinations of aL, aR, and M(W0

), we determine the expected and observed 95% C.L.
upper limits on the cross-section. We can now assume values for aL and aR, and interpolate the
cross-section limit in the mass value. The values of the W0 mass for which the cross-section limit
exceeds the theory cross-section are disfavored. Figure 4 shows the contours for the W0 boson

8 References

mass in the (aL, aR) plane for which the cross-section limit equals the predicted cross-section.
The contours are obtained using the W0 invariant mass distribution.
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Figure 4: Contour plots of M(W0
) in the (aL, aR) plane at which the 95% C.L. cross-section limit

equals the predicted cross-section for the combined e, µ+jets sample. The left (right) panel is
for observed (expected) limits. The color axis is M(W0

) in GeV, and the solid black lines denote
150 GeV intervals of the W0 mass, starting from 800 GeV.

7 Conclusion
We have performed a search for W0 boson production in the tb decay channel using 19.6 fb�1

of data taken by the CMS detector. We find no evidence for W0 boson production and set 95%
C.L. upper limits on the production cross-section for three different models of W0production.
We compare our measurement to the theoretical prediction for the nominal value of the cross-
section to determine the lower limits on the mass of the W0 . For W0 bosons with right-handed
couplings to fermions (and for left-handed couplings to fermions, when no interference with
SM is included) the observed (expected) limit is 2.03 TeV (2.09 TeV) at 95% C.L. These results
represent an improvement over previously published results.
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Limits:

• W′R > 2.03 TeV (expected 2.09 TeV)

• Set limits for a given combination of left- and right-handed couplings

• Also set limits on the cross section for W′R
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7tt resonances: fully hadronic channel

type I + type 1

top candidate

top candidate top candidate

W candidate

b candidate

top candidate

type I + type 2

• analysis designed for highly boosted tt pair:

• top decay products can be partially (type 2) or fully merged (type 1)

• Cambridge-Aachen (CA) jets used

• Type 1+1: at least 2 type I top quark candidates with pT > 400 GeV

• Type 1+2: one type I top quark with pT > 400 GeV and at least 2 jets,
                 one identified as a W candidate (pT > 200 GeV) and one as b-jet

Event selection:

19.6 fb-1 @ √s = 8 TeV
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8

Limits:

• Narrow (1%) Z′: MZ′ > 1.6 TeV

• Wide (10%) Z′: MZ′ > 2.3 TeV

tt resonances: fully hadronic channel (II)

type I + type 1

• RS KK gluon:  M > 1.8 TeV

7.1 Accounting for Signal Biases 11
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Figure 8: Distribution of the invariant mass of the reconstructed top quark pair, mtt, for Type
1+1 candidate events, shown in linear (top) and log (bottom) scales.
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Figure 8: Distribution of the invariant mass of the reconstructed top quark pair, mtt, for Type
1+1 candidate events, shown in linear (top) and log (bottom) scales.
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Figure 8: Distribution of the invariant mass of the reconstructed top quark pair, mtt, for Type
1+1 candidate events, shown in linear (top) and log (bottom) scales.

18 9 Statistical Interpretation and Results
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Figure 11: Preliminary expected and observed limits, in logarithmic scale, for the RS KK gluon
hypothesis. The theory expectation is shown in the dotted curve.
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Figure 12: Preliminary expected and observed limits, in logarithmic scale, for the narrow Z’
hypothesis. The theory expectation is shown in the dotted curve.
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Event selection
• 2 isolated leptons (electron or muon) with pT > 20 GeV

• quarkonia and Z boson vetoes

• at least 2 jets with pT > 30 GeV with at least 𝟣 b-tagged jet

• missing ET > 30 GeV in ee and µµ channels

• three channels (ee, eµ, µµ)

• a multivariate approach used to increase  the
       analysis sensitivity

• it is based on a Bayesian neural network (BNN)

4 6 Bayesian neural network analysis

Table 2: Expected yields for SM backgrounds and observed data in the ee, µµ, and eµ channels.

Sample ee µµ eµ
tt̄ 2208.5 ± 461.1 2546.4 ± 548.4 7323.4 ± 1498.8
Z/g⇤ ! ll̄ 405.2 ± 128.1 422.1 ± 133.5 178.9 ± 56.6
VV 11.5 ± 1.5 15.4 ± 2.0 32.3 ± 4.2
W ! ln 16.7 ± 23.7 0.0 ± 0.0 26.2 ± 37.2
Single-top 105.6 ± 15.3 120.7 ± 17.5 343.4 ± 50.1
Multijets 41.8 ± 6.9 50.1 ± 10.4 102.9 ± 14.3
Total background 2789.4 ± 510.0 3154.7 ± 596.0 8007.0 ± 1545.6
Observed count 2690 3098 7704

Table 3: Expected yields for a leptophobic Z0 in ee, µµ, and eµ channels.
Sample ee µµ eµ
Z0 (500 GeV) 221.2 259.4 709.8
Z0 (750 GeV) 66.6 79.1 202.6
Z0 (1000 GeV) 26.2 27.5 67.9
Z0 (1250 GeV) 8.2 9.8 22.0
Z0 (1500 GeV) 2.9 3.1 7.0
Z0 (2000 GeV) 0.3 0.4 0.8

energy and highest-pT lepton in the eµ channel are shown in Fig. 1. We see good agreement
between data and the sum of all SM backgrounds. Similar agreement is seen in all four-vector
distributions (pT, h and f) of all final-state objects in the three channels. The distributions of
the Z0 signals at MZ0 = 500, 750, and 1000 GeV are also shown in Fig. 1. The cross sections for
a leptophobic topcolor Z0 discussed in Sec. 4 are used to normalize the signal distributions to
data.

The tt̄ invariant mass is constructed using the four-vectors of all final-state objects. The longi-
tudinal momentum pz of the two neutrinos cannot be measured experimentally and are set to
zero. The tt̄ invariant mass distributions for the data, the sum of all backgrounds, and the Z0

signals are shown in Fig. 2 for the ee, µµ, and eµ channels. The data is described well by the SM
backgrounds, and there is no statistically significant evidence for the presence of a Z0 signal.

6 Bayesian neural network analysis

For a resonance search, the invariant mass as described above is typically a good variable to
hunt for a bump from the signal. However, here we use a multivariate approach based on
Bayesian neural networks (BNN) [29] to construct a more powerful discriminant between back-
grounds and the Z0 signal. The BNN discriminant is defined as:

D(x) =
p(x|S)

p(x|S) + p(x|B) , (1)

where p is the probability density for a set of measured variables x, given the signal (S) or
background (B) class of events. The discriminant D lies in the interval [0,1]. It is constructed
such that the signal events tend to have a value closer to 1 than the background events which
peak instead closer to 0. To build this discriminant the signal is defined as the Z0 sample at

17 variables used as 
input to train the BNN

5.0 fb-1 @ √s = 7 TeV

5

Figure 1: Distributions of the transverse momentum of the highest-pT electron in the ee channel,
the pseudorapidity of the highest-pT jet in the µµ channel, and Df between the missing trans-
verse energy and highest-pT lepton in the eµ channel. The hatched region indicates systematic
uncertainties on the sum of SM backgrounds.

Figure 2: Distributions of the invariant mass of the two leading leptons, two leading jets and
missing transverse energy. The pz of the two neutrinos is set to zero. The hatched region
indicates systematic uncertainties on the sum of SM backgrounds.

MZ0 = 750 GeV since this choice provides the best sensitivity. The background is the sum of all
SM processes. As inputs to train the BNN, the following 17 variables are used:

• pT and h of the highest-pT lepton
• pT, h, and Df of the second highest-pT lepton
• pT, h, and Df of the highest-pT jet
• pT, h, and Df of the second highest-pT jet
• E/T, and Df of the missing transverse energy
• pT, h, and Df of the highest-pT b-tagged jet, and number nb of b-tagged jets,

where Df is the difference in azimuth between the object and the highest-pT lepton. This set of
input variables constitutes the full array of four-vectors of final-state objects that are measured
in the analysis, along with additional information about the b-tagged jets.

The resulting BNN outputs for the observed data, the SM background, and the Z0 signals are
shown in Fig. 3 for the ee, µµ, and eµ channels. Each distribution has been normalised to unity
in order to compare their shapes. The corresponding outputs normalized to the observed data
are shown in Fig. 4. There is good agreement between data and the SM background in all three

eµ

tt resonances: dileptonic channel
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6 7 Systematics

channels with no evidence of a resonance signal.

Figure 3: Distributions of the BNN output discriminant normalized to unity for the ee, µµ, and
eµ channels.

Figure 4: Distributions of the BNN output discriminant normalized to the observed data for
the ee, µµ, and eµ channels. The hatched region indicates systematic uncertainties on the sum
of SM backgrounds.

7 Systematics

The signal and background models are affected by a number of systematic uncertainties. These
are divided into two categories: those that affect only the overall normalization of a process
(“rate”) and those that affect also the distribution of the BNN discriminant (“shape”). For
”rate” effects, the uncertainty on the predicted cross section, and the data-based normalization,
for each SM background is considered, as discussed in Sec. 4. For both the Z0 signals and the
backgrounds, the uncertainties on integrated luminosity, lepton identification and isolation,
b-tagging scale factor, jet-energy scale, and pileup corrections are considered. Uncertainties
are also considered for the SM tt̄ and W ! ln events from variations in the renormalization
and factorization scale (Q2), and the matching scale. The Q2 scale is varied up and down by a
factor of two with respect to its nominal value. For the uncertainty on the matching scale, the
threshold between jet production at matrix-element level in MADGRAPH and parton showering
in PYTHIA is varied. For uncertainties from the jet-energy scale, the pileup corrections, and
the Q2 and matching scale in SM tt̄, we also consider their effect on the shape of the BNN
distribution. The uncertainties are summarized in Table 4. The total uncertainty on the sum of
all SM backgrounds is 18%.

8 9 Summary

Figure 5: Upper limits on sZ0B versus MZ0 . Also shown is the theoretical prediction for a
leptophobic Z0 [21–23].

9 Summary

Using a data sample corresponding to 5.0 fb�1 of
p

s = 7 TeV pp collisions, a search for heavy
bosons decaying to top-antitop pairs, with subsequent leptonic decay modes, revealed no sig-
nificant excess beyond expectations from the standard model. This allowed the derivation
of 95% CL limits on the product of the production cross section and branching ratio in this
decay mode for various masses of narrow width resonances, which is in turn utilized to ex-
clude the existence a leptophobic topcolor particle Z0 with width GZ0 = 0.012MZ0 for masses
MZ0 < 1.1 TeV.
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• MZ′ < 1.1 TeV excluded at 95% CL

• network trained for Z′ with mass 750 GeV

• good agreement between data and expectations

eµ

tt resonances: dileptonic channel (II)
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Event selection (threshold search)
• one isolated electron (muon) with pT > 30 (26) GeV

• at least 4 jets with pT > 70, 50, 30, 30 GeV

• missing ET > 20 GeV

• events split into 4 categories according to the lepton flavor and # of b-jets (1 or ≥2)

• two complementary strategies used:

• threshold search: optimized to identify top with small boost  

• boosted search: for top decay products partially or fully merged (MZ′ > 1 TeV)

Event selection (boosted search)
• one electron (muon) with pT > 35 (45) GeV (no isolation requirement)

• at least 2 jets with pT > 150, 50 GeV with ∆R(jet, lepton) > 0.5

• HlepT > 150 GeV (HlepT = scalar sum of ET
miss and lepton pT) and ETmis > 50 GeV

• events split into 4 categories according to the lepton flavor and # of b-jets (0 or ≥1)

tt resonances: lepton+jets channel
19.6 fb-1 @ √s = 8 TeV



XXI International Workshop on Deep-Inelastic Scattering and Related Subjects              April, 24 2013

7

]2 [GeV/cttM
0 1000 2000 3000 4000 5000

ev
en

t y
ie

ld

-110

1

10

210

310 νl→W
tt

others
 (1%)2Z' 1.0 TeV/c
 (1%)2Z' 2.0 TeV/c
 (1%)2Z' 3.0 TeV/c

Uncertainty
CMS Data 2012

 = 8 TeVs,  -1CMS Preliminary, 19.6 fb

 = 0
b-tag

+jets, Nµ

0 1000 2000 3000 4000 5000

da
ta

 / 
bk

g

0

0.5

1

1.5

2

(a)

]2 [GeV/cttM
0 1000 2000 3000 4000 5000

ev
en

t y
ie

ld

-110

1

10

210

310 νl→W
tt

others
 (1%)2Z' 1.0 TeV/c
 (1%)2Z' 2.0 TeV/c
 (1%)2Z' 3.0 TeV/c

Uncertainty
CMS Data 2012

 = 8 TeVs,  -1CMS Preliminary, 19.6 fb

 = 0
b-tag

e+jets, N

0 1000 2000 3000 4000 5000

da
ta

 / 
bk

g

0

0.5

1

1.5

2

(b)

]2 [GeV/cttM
0 1000 2000 3000 4000 5000

ev
en

t y
ie

ld

-110

1

10

210

310 νl→W
tt

others
 (1%)2Z' 1.0 TeV/c
 (1%)2Z' 2.0 TeV/c
 (1%)2Z' 3.0 TeV/c

Uncertainty
CMS Data 2012

 = 8 TeVs,  -1CMS Preliminary, 19.6 fb

 1≥ 
b-tag

+jets, Nµ

0 1000 2000 3000 4000 5000

da
ta

 / 
bk

g

0

0.5

1

1.5

2

(c)

]2 [GeV/cttM
0 1000 2000 3000 4000 5000

ev
en

t y
ie

ld

-110

1

10

210

310 νl→W
tt

others
 (1%)2Z' 1.0 TeV/c
 (1%)2Z' 2.0 TeV/c
 (1%)2Z' 3.0 TeV/c

Uncertainty
CMS Data 2012

 = 8 TeVs,  -1CMS Preliminary, 19.6 fb

 1≥ 
b-tag

e+jets, N

0 1000 2000 3000 4000 5000

da
ta

 / 
bk

g

0

0.5

1

1.5

2

(d)

Figure 1: Data/MC comparison and Data/Background ratio for reconstructed distributions for
the tt invariant mass. The plots are shown in four channels: 0 b-tagged jet in (a) muon and
(b) electron channel; �1 b-tagged jets in the (c) muon and (d) electron channel. The yields
of the simulated samples are normalized to data using scale factors derived in a maximum
likelihood fit to the Mtt distribution in both channels simultaneously as detailed in the text. The
shaded band corresponds to yield changes in the SM background samples originating from the
systematic uncertainties that affect the shape of the distribution. A cross section of 1.0 pb is
used for the normalization of the Z0 samples.

10 7 Systematic Uncertainties

Figure 3: Likelihood fit projection on data for the threshold analysis including a signal with a
narrow mass hypothesis of 750 GeV for the muon (left), and the electron channel (right), with a
requirement of exactly one b-tagged jet (top), and at least 2 b-tags (bottom). The red dashed line
shows the background contribution, the blue solid line shows the overall contribution. Given
that no signal is found, the two lines appear overlaid.
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Limits:

• Narrow (1.2%) Z′: MZ′ > 2.1 TeV

• Wide (10%) Z′: MZ′ > 2.7 TeV

• KK gluon: MKK > 2.5 TeV

boosted

threshold

• Mtt reconstruction: Χ2 sorting to choose the best jet combination (both analyses) 

tt resonances: lepton+jets channel (II)14 8 Results
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Figure 5: The 95% CL upper limits on the product of the production cross section sZ0 and the
branching fraction B of hypothesized resonances that decay into tt as a function of the invariant
mass of the resonance. The Z0 production with GZ0/mZ0 = 1.2% (a) and 10% (b) compared to
predictions based on [10] times 1.3 to account for higher-order effects [48]. The ±1 and ±2
s.d. excursions from the expected limits are also shown. The vertical dashed line indicates
the transition between threshold and boosted analysis, chosen based on the sensitivity of the
expected limit.
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13Summary
• Exotic resonances, decaying to top quarks, predicted in many BSM models

• CMS looked for these new resonances using different final states
• no evidence of new physics

• Five analyses have been presented:

• B2G-12-014: search for t*→tg  
 limits: 794 GeV

• B2G-12-010: search for W′→tb
 limits: 2.03 TeV for MνR << M W′R

• B2G-12-005: search for Z′→tt in fully hadronic final state
 limits: 1.6 (2.3) TeV for 1% (10%) Z′ and 1.8 TeV for RS KK gluon 

• TOP-11-010: search for Z′→tt in dileptonic final state
 limits: 1.1 TeV for leptophobic Z′

• B2G-12-006: search for Z′→tt in lepton+jets final state
 limits: 2.1 (2.7) TeV for 1.2% (10%) Z′ and 2.5 TeV for RS KK gluon
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