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Results were produced with data collected at the Large Hadron Collider at a center-of-mass energy
of 7 TeV and 8 TeV, with integrated luminosities ranging between 5.0 and 19.6 f b 1 . No evidence
for such new resonances was observed and exclusion limits for many BSM models were set.
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1. Introduction

2. Search for excited top quarks
This section summarizes the CMS search for pair-produced excited t-quarks (t ⇤ ), using 19.6
p
f b 1 of data at s = 8 TeV [6]. The analysis assumed a model with a spin 3/2 t ⇤ quark, decaying
exclusively to a t-quark and gluon, and considered events having a single lepton in the final state.
Events were requested to have exactly one isolated muon (electron) with transverse momentum
pT > 26 (30) GeV, at least six jets with pT > 30 GeV, at least one b-tagged jet and transverse
missing energy ETmiss > 20 GeV. A shape analysis on the reconstructed mass of t ⇤ candidates (Mt ⇤ )
was performed to look for the t ⇤t¯⇤ signal. The resolution on Mt ⇤ was improved with a kinematic
fit, constraining the momenta of the final state particles. No evidence of the signal was observed
in data and exclusion limits were set. Figure 1 shows the expected and observed 95% CL upper
limits for the t ⇤t¯⇤ production cross-section as a function of the t ⇤ mass. From the comparison of
the results with the predicted cross-section in the spin-3/2 Randall-Sundrum model [11], masses
below 790 GeV were excluded.

3. Search for tb resonances
In this section a summary of the CMS search for heavy gauge bosons W 0 , decaying into a tp
quark and a b-quark, is presented [7]. The analysis, based on 19.6 f b 1 of data at s = 8 TeV, was
performed with events where the t-quark decayed leptonically. Arbitrary combination of left- (aL )
and right-handed couplings (aR ), included in the effective interaction Lagrangian of the W 0 boson
to the SM fermions [12], was considered.
Events were requested to have one isolated muon or electron with pT > 50 GeV, at least two
jets with pT > 120, 40 GeV, at least one b-tagged jet and ETmiss > 20 GeV. The analysis strategy
2
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The top quark, because of its large mass, is expected to play a key role in electroweak symmetry breaking and be a privileged window on new physics. Many scenarios beyond the Standard Model (BSM) feature new gauge interactions with enhanced couplings to the third generation
quarks. These couplings result in new heavy gauge bosons, generally indicated as Z 0 and W 0 , which
could manifest as resonances in the t t¯ or tb invariant mass distributions. Example of models predicting new particles, coupling predominantly to third generation quarks, include topcolor models [1],
models with extra space-time dimensions as, for example, the Kaluza-Klein excitations of the SM
gauge bosons [2], and little Higgs theories [3]. In addition to new high-mass gauge bosons decaying to top quarks, another interesting BSM scenario, having an impact on the top quark production,
is the existence of excited t-quarks, t ⇤ , decaying to a t-quark and a gluon [4].
This paper presents the results of CMS direct searches for Z 0 and W 0 resonances decaying to t t¯
and tb respectively, based on data collected in 2011 and 2012 at a center-of-mass energy of 7 TeV
and 8 TeV, between 5.0 and 19.6 f b 1 . Also the CMS search for pair-produced t ⇤ , which is the first
dedicated search for excited t-quarks, is presented. A detailed description of the CMS experiment
is provided in Ref. [5], while the full descriptions of the analyses presented here can be found in
Ref. [6, 7, 8, 9, 10].

lin

ga

nd

E.

Vr
y

1

observed limit
expected limit
1σ
2σ

on

id o

8

u

-1
Search10for
exotic resonances with top quarks
2
Expected Limit at 95% CL: Mt* > 695+105
-70 GeV/c
Observed Limit at 95% CL: Mt* > 754 GeV/c2

400

500

600

700

800

900

1000

Mt* [GeV/c2]

aR

10-2

Davide
Pagano limit equals the predi
mass in the (a L , a R ) plane for which the
cross-section
0
The contours are obtained using the W invariant mass distribution.
1

CMS Preliminary, 19.6 fb-1 at s = 8 TeV

σ(pp → t*t*X) [pb]

10

2000

0.8
t ir

lin

ga

1

nd

E.

Vr
y

observed limit
expected limit
1σ
2σ

on

id o

1700

0.6

0.8
0.6

1550

u

0.4

1400

0.4

1250
0.2

10

CMS Preliminary, 19.6 fb-1 at s

1850

10-1
-2

1

2150

CMS Preliminary L = 19.6(Muon & Electron) fb-1 s = 8 TeV

W.
S

2300

aR

t ir

M(W') [GeV]

σ(pp → t*t*X) [p

W.
S

10

2
Expected Limit at 95% CL: Mt* > 738+87
-92 GeV/c
Observed Limit at 95% CL: Mt* > 794 GeV/c2

500

600

700

800

900

0
0

1000

Mt* [GeV/c2]

0.2

0.4

0.2
Invariant Mass Analysis
95% CL Expected

950

0.6

0.8

1

aL

800

0
0

0.2

PoS(DIS 2013)288

400

1100

Invariant Mass Analysis
95% CL Observed

0.4

0.6

0.8

0
Figure 2: The observed (solid line) and expected (dashed line) 95% CL upper limits for the
Figure 4: Contour plots of M(W ) in the (a L , a R ) plane at which the 95% C.L.
t⇤ t⇤ production cross section as
a function of the t⇤ mass for µ+jets (top), e+jets (center), and
⇤ search
0 ! tb search - 95% C.L. observed
Figure
1:
t
95%
C.L.
expected
and
obFigure
2:
W
µ+jets sample. The l
the combined (bottom) data. The ±1 and ±2 standard deviation ranges for the expectedequals
limits the predicted cross-section for the combined e,
0
⇤ t¯⇤ as
R [7].
are shown by the
bands.limits
The theoretical
section
is shown by
line.
for
observed
limits.ofThe
is M(W ) in GeV, and the solid
0 as a function
served
on stcross
a function
oftheMdashed-dotted
limits
on M(expected)
aL color
and aaxis
t⇤ [6].

W

0

150 GeV intervals of the W mass, starting from 800 GeV.

was based on a template fit to the reconstructed tb invariant mass, using templates from the MC
7 Conclusion
simulation. No evidence of the W 0 signal was found and upper limits on the signal
production
0
have performed a search for W 0boson production
cross-section (sW 0 ), as a function of the W 0 mass, We
were
set. By parametrizing sW in terms of aL in the tb0 decay chann
of data taken by the CMS detector. We find no evidence for W boson produ
and aR (see Ref. [7] for details), 95% C.L. upper limits
on the
W 0 on
boson
mass as a cross-section
function of for
thethree different models
C.L. upper
limits
the production
We
compare
our
measurement
to
the
theoretical
prediction
for the nominal
left- and right-handed couplings to fermions were set, as shown in Figure 2. In the particular case
0
0
section
to
determine
the
lower
limits
on
the
mass
of
the
W
.
For W bosons
of right-handed W 0 bosons (aR = 1 and aL = 0) thecouplings
observedto(expected)
limit
was
2.03
(2.09)
TeV.
fermions (and for left-handed couplings to fermions, when no

SM is included) the observed (expected) limit is 2.03 TeV (2.09 TeV) at 95%
represent an improvement over previously published results.

4. Search for t t¯ resonances in the fully hadronic channel
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Figure 3: Z ! t t¯ fully hadronic - 95% C.L. expected and observed limits on the RS gluon production cross-section as function of the mass [8].
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