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Several extensions of the Standard Model predict the existence of new neutral spin—1 resonances
associated to the electroweak symmetry breaking sector. Using the data from ATLAS (with inte-
grated luminosity of £ = 1.02 fb~') and CMS (with integrated luminosity of £ = 1.55 fb~') on
the production of W W ™ pairs through the process pp — ¢ ¢'~ Er, we place model independent
bounds on these new vector resonances masses, couplings and widths. Our analyses show that the
present data excludes new neutral vector resonances with masses up to 1-2.3 TeV depending on
their couplings and widths. We also demonstrate how to extend our analysis framework to different

models working a specific example.

PACS numbers: 95.30.Cq

I. INTRODUCTION

One of the primary physics goals of the CERN Large
Hadron Collider (LHC) is the direct study of the elec-
troweak symmetry breaking (EWSB) sector via the pro-
duction of new states associated to it. The analyses of
unitarity in the weak gauge boson scattering VVLJr W, —
W; W indicates that there must be a contribution of
the EWSB at the TeV scale [1], well within the LHC
reach. There is a plethora of possibilities for the EWSB
sector that contains new scalar and vector resonances,
and the Standard Model (SM) represents only the min-
imal scenario, with a Higgs sector with one scalar Higgs
boson being responsible for cutting off the growth of the
weak gauge boson scattering amplitudes.

New vector resonances are a common feature of mod-
els where the EWSB is due to a new strongly interact-
ing sector [2]. Although the precision electroweak mea-
surements and flavor changing neutral currents present
an obstacle for strongly interacting theories, recent theo-
retical advances made possible the construction of mod-
els in agreement with the experimental constraints [3].
Furthermore, new spin—1 states are also present in ex-
tra dimension scenarios, in particular in Higgsless mod-
els [4] where unitarity restoration takes place through
the exchange of an infinite tower of spin-1 Kaluza-Klein
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excitations of the known electroweak gauge bosons [5].
Such scenarios can be viewed as the holographic version
of strongly coupled theories [6].

In this work, we derive bounds on new neutral spin—1
resonances (Z') associated to the EWSB from the avail-
able ATLAS and CMS data on WTW ™ pair production

pp—Z = WIW~ =0 Fr (1)

where ¢ and ¢’ stand for electrons and muons. We per-
form a model independent analysis proposed in Refs. [7,
8]. We present our results as constraints on the relevant
spin-1 boson effective couplings, mass and width. For
instance, our results indicate that Z”’s coupling with SM
strength to light quarks and to pairs W W ~ saturating
the partial wave amplitudes can be excluded at 95% CL
if their masses are lighter than ~ 1750 GeV.

This paper is organized as follows. In Section II we
present our model independent parameterization of the
7' properties. Section III contains a detailed accounting
of the procedures used in our analyses. Our model in-
dependent results are presented in Section IV while we
show in Section V that our analysis framework can be
adapted to a specific model. Our conclusions are drawn
in Section VI.

II. PARAMETERIZATION OF THE 7’
PROPERTIES

In order to evaluate the Z’ production cross section via
the channel (1) we must know the Z’ couplings to light



quarks and WTW ™ pairs in addition to its mass and
width. We do not assume any relation between these
parameters (although they might be connected in a com-
plete theory). Nevertheless, inspired by models where
the new vector states interact with the light quarks and
electroweak gauge boson via their mixing with the SM
vectors, we assume that the Z’ couplings to light quarks
and WTW ™ pairs exhibit the same Lorentz structure as
those of the SM. We label gz, and gzww the overall Z’
coupling constants to light quarks and W+W ~, respec-
tively, with the choices gz/q7 = g9/cw and gz ww = gew
corresponding to Z’ couplings equal to the SM Z ones.
Here g stands for the SU(2), coupling constant and ey
is the cosine of the weak mixing angle.

We normalize the Z'WTW ™ coupling by the value
JZ'WW mas that saturates the partial wave amplitude for
the process WTW = — WTW ™~ by the exchange of a Z’,
9], i.e.

9Z'WW maz = 9ZWW \/§M

(2)
where gzww = ¢ cw is the strength of the SM triple
gauge boson coupling.

We treat the Z’ width as a free parameter since it
can receive contributions from particles that do not play
a role in our study, such as b and t quarks. The only
bound to the Z’ width is that it should be compatible
with its couplings to light quarks and WW pairs that is
expressed by the lower bound [7]

Mz \?
Iy > 027G (M—Z) GeV , (3)
Z

where we have defined the combination

G = (92/qq> ( 9z’ ww ) 7 (4)
9Zqq 9Z’WW maz
with gz being the Z’ coupling to light quark pairs and
9zq3 = 9/cw -

Within our approach we can express the cross section
for the process (1) as

Ttot = oM + G it (Mz,Tz/) + G 07/ (Mz,Tz) (5)

where the Standard Model, interference and new reso-
nance contributions are labeled SM, int and Z’ respec-
tively.

IIT. ANALYSES FRAMEWORK

ATLAS [10] and CMS [11] analyzed the W*W ™~ pro-
duction through the final state given in Eq. (1). In our
analyses, we evaluated the SM, Z’, and Z'-SM interfer-
ence contributions to the production of W W ™ pairs. In
order to tune and validate our Monte Carlo we compared

our results for the SM WTW ™ production to the ones
presented by ATLAS and CMS. Our strategy is to use
the SM backgrounds that have been carefully evaluated
by the experimental collaborations, taking into account
detection efficiencies and NLO corrections, and employ
our tuned simulation for the Z’ signal and its interfer-
ence with the SM.

We evaluated the signal and SM WFTW ™ cross sec-
tions by two different methods. In the first one, we used
the package MADEVENT [12] to evaluate the O(a?) sig-
nal matrix elements for the subprocesses qg — (Tvé'~v/,
with £/¢' = e, as well as the small contribution with
¢/¢" = 7 which then decays leptonically into either e or
w1 and the corresponding neutrinos. Its output is fed into
PYTHIA [13] for parton shower and hadronization and
a simple detector simulation provided by PGS 4 [14]. In
what follows we will label it as “ME+Pythia+PGS-MC”.
A second evaluation was made with a homemade Monte
Carlo that evaluates the process (1) at parton level using
the O(a*) signal matrix elements for the subprocesses
qq — £t~V with £/0" = e, . The scattering ampli-
tudes for the relevant subprocesses were obtained using
the package MADGRAPH [12]. In what follows we will
label this calculation as “OUR ME-MC”. In both cases
we used CTEQGL parton distribution functions [15] and
the MADEVENT default renormalization and factoriza-
tion scales.

ATLAS analysis

The ATLAS simulation of the WTW ™ process was
carried out at NLO [16] and with an accurate detector
simulation. In order to take into account some of these
features included in the ATLAS evaluation of the SM
WTW ™~ production we normalize our total cross section
for the ee, ey and pp channels by an overall factor such
that our two simulations yield the result presented in
Table 2 of Ref. [10] after the same cuts have been imple-
mented. In particular electrons and muons are accepted
if

[ne| < 1.37 or 1.52 < |n.| < 2.47 and |n,| < 2.4.(6)

Also, the lepton isolation  requirement in
ME+Pythia+PGS-MC simulation is that the sum
of all other contributions to the energy in the calorime-
ter cells within a cone AR < 0.3 around the electron
must be less than 4 GeV while in a cone AR < 0.2
around the muon, the sum pr of all other tracks is less
than 10% of the pr of the muon. To implement this
requirement in OUR ME-MC we simply impose:

ARee > 0.3 and AR, ., > 0.2 (7)

Events are selected if they verify that the leading electron
in the eTe™ channel and the electron in the ey channel
accomplish:

pr > 25 GeV, (8)



> 1 20 7\ T ‘ ITTT ‘ ITTT ‘ ITTT T \7
[0 C _ ME+Pyth+PGS |
8 1 OO I ST Our ME MC ]
N r ww B
} 80 r Drell-=Yan 7
“E L Il Top -
O r Il Diboson ]
& 60 | B W+jets/Dijet—
40 —
20 |- ATLAS 1.02fb™"]
> 1 28 7\ T ‘ ITTT ‘ ITTT ‘ ITTT ‘ T \7
(3} r
O L [ SM backg
o 100 — - I M, =250 GeV—|
Q B M;=400 GeV |
2 80 |- Il M, =600 Ge\/i
c C 7
o C 7
o 60 ]
L - B
40 — + —
20 —
:\ L® s N

0 100 200 300 400 500
My(I*1"E,™**)(GeV)

Figure 1: Upper panel: Transverse mass distribution of the
SM contributions to the process pp — ("¢ [r calculated
by ATLAS (colored histograms) together with the number of
observed events by ATLAS (points with error bars) and the
performance of ME+Pythia+PGS-MC (red solid) and OUR
ME-MC (red dotted). The results shown correspond to an
integrated luminosity of £ = 1.02 fb~!.

Lower panel: Transverse mass distribution of the total SM
contribution to the process pp — £7¢'"Er (gray hashed) to-
gether with the total expected number of events including a
Z" of 250 GeV with G = 0.5 (blue), a Z’ of 400 GeV with
G =1 (yellow) and a Z’ of 600 GeV with G = 1 (red). For
the three masses I';» = 0.06M 5. We include also the ATLAS
observed spectrum.

while for the muons and the subleading electron in the
ete™ channel

pr > 20 GeV. 9)
Furthermore,

My > 15 GeV s Meu > 10 GeV,

Experiment Monte Carlo ee | epn | pp
ATLAS OUR ME-MC 0.54]0.78|1.04
ATLAS |ME+Pythia+PGS-MC|0.66(0.95| 1.2

CMS OUR ME-MC 0.50|0.73|0.84
CMS ME+Pythia+PGS-MC|[0.60{0.91|1.08

Table I: Overall multiplicative factors used to tune our Monte
Carlos to the total number of events in the different flavour
channels predicted by the ATLAS and CMS simulations.

|Mu — Mz| > 15 GeV, (10)
E75% (e€) > 40 GeV , B33 (up) > 45 GeV
and E75% (ep) > 25 GeV |

where My, stands for the invariant mass of the lepton
pair and the relative missing energy is defined as:

gmiss _ { Episs x sinAdyj  if Agpy < /2 (11)

T, rel — E}n’LSS if A¢E,j > 71,/2
with A¢yp ; being the difference in the azimuthal angle ¢
between the transverse missing energy and the nearest
lepton or jet. The variable E{}“fﬁel was introduced by the
CDF collaboration [17] in order to deplete backgrounds
where the EJ*¢ originates from mismeasurements of the
energies of leptons or jets. The idea behind this definition
is to penalize events with missing transverse momentum
close to leptons or jets in the transverse plane. This
quantity is useful to suppress the Drell-Yan background,
as well as, the background originating from Z — 777~
since the real E%”SS in semileptonic tau decays decays is
close to the momenta of the leptons.

Finally in ME+Pythia4+-PGS-MC simulation jets are
reconstructed with the anti-kr algorithm [18] with a jet
resolution parameter AR = 0.4 and we veto events con-
taining jets with

pr > 30 GeV and |n;| < 4.5. (12)

in order to suppress the ¢t background.

We present in Table I the overall normalization needed
to tune our simulations to the ATLAS one !. We have
also verified that the relative event reduction due to each
cut (8)—(10) in our simulations is in agreement to that
reported in Table 2 of Ref. [10].

In order to validate our Monte Carlo simulations for
the SM WTW ™ production we compare them with the
ATLAS prediction for the transverse mass (M) spec-
trum after cuts in the top panel of Fig. 1. The re-
sults shown corresponds to an integrated luminosity of

1 Notice that detection efficiencies, as well as, NLO corrections
included as a global K factor are considered in the normalization
factors of Table I as it is less time—consuming, however a package
including NLO corrections is available here [19]



£ =1.02 fb~'. In this figure we evaluated just the SM
WTW ~ production and added the ATLAS results for the
backgrounds. As we can see, both ME+Pythia+PGS-
MC and OUR ME-MC simulations approximate very well
the ATLAS results. However, it should be noticed that
the three simulations, the one by ATLAS and two by us,
present some discrepancy with the data at small trans-
verse masses.

In the simulation of the Z’ signal we employed the
same normalization factors obtained from the WTW~
SM production for the channels ee, ey, and pu; see Ta-
ble I 2. Moreover, since our two simulations present a
similar performance we adopted OUR ME-MC for our
signal calculations because it is much faster. However we
also verified that the results obtained are in agreement
with those from ME+Pythia+PGS-MC for a few points
of the parameter space.

We present, as an illustration, in the lower panel of
Figure 1 the expected Mr distribution for three different
Z' masses for an integrated luminosity of 1.02 fb~!, as
reported by ATLAS, and after applying the cuts (6)-
(12). The existence of this neutral vector resonance is
characterized by an excess of events at higher My values
with respect to the SM expectations.

Consequently one can use the transverse mass spec-
trum to place constraints on the Z’ properties. In or-
der to do so we have constructed a binned log-likelihood
function based on the contents of the different bins in the
transverse mass distribution, i.e., the observed number
of events N, and the expected events in the SM, N§,
plus the expected number of events in the presence of
the Z', N, after applying the cuts (6)-(12). Assuming
independent Poisson distributed N? it reads:

—2InLatLas(Mz,G,T'z/) =

NAT* i
. . ) ) NE
in 42 Ni + Ny — Ni4+ Nilog ——4
M;Il{ ;{34' s dT dOgN}B—l-Ng]
st\ 2 sy \ 2 st\ 2 sy 2
() +Gr) () - (55))
oy, oy s Os
= XiTLAs(MZ’v G,T'z) (13)
where
Np = Ny (148" + ") + Ny, (1 4+ +€7)(14)
N§ = (G* Ny +GN,) (1+&"+ &) (15)

and Nj is the number of background events expected in
the i-th bin for the SM processes except for the W W~
contribution, N! = stands for the number of events ex-
pected on the i-th bin for the SM W™ W~ contribution,

2 We note that this procedure neglects the possible dependence
of the normalization factor on the characteristic pp or invariant
mass of the process which could arise from NLO corrections to
the Z’ signal.

and G2N}, and GN},, are the number of events expected
on the i-th bin for the pure signal contribution and the
interference respectively.

In constructing the log-likelihood function in Eq. (13)
we estimated the effect of the systematic uncertainties by
means of a simplified treatment in terms of four pulls £
[20], where & is the pull to account for the statistical
uncertainty on the evaluations for all the SM processes
except for the WTIW ™ contribution, & is the one to
account for the systematic uncertainty in the same pro-
cesses, £5! is the pull to account for the statistical uncer-
tainty on the expectations for WTW ™~ and the Z’' new
contributions and finally £5¥ accounts for the systematic
uncertainty on the same processes. The standard devia-
tions for these pulls are obtained from Table 6 of [10]:

oft = 0.038 o =0.16 (16)
oSt = 0.0039 o =0.093 (17)

S

We performed two analyses. In the first one we com-
puted the In Latras with the 15 transverse mass bins
in [10] between M7 = 40 GeV and My = 340 GeV (i.e.
N7® =15). In the second one we added an extra 16th
bin (i.e. N'{'** = 16) where we sum the Z’ expected con-
tributions with M7 > 340 GeV and we assumed that the
number of observed events and SM expected predictions
for the 16th bin are null.

CMS analysis

Similarly we tuned our Monte Carlos to simulate the
CMS results, by comparing them with the CMS simula-
tion for the SM WTW ™ production in the ee, eu, and
i channels presented in Ref. [11]. For that we applied
the selection described in Section 3 of this reference. In
particular electrons and muons are accepted if

Ine| < 2.5 and |n,| < 2.4. (18)

Also, the lepton  isolation  requirement in
ME+Pythia4+-PGS-MC simulation is that the sum
of pr of all other tracks is less than 10% of the pr of
the lepton within a cone AR < 0.4 (0.3) around the
electron (muon). To implement this requirement in
OUR ME-MC we simply impose:

ARee > 0.4 and ARy, > 0.3 (19)
Events are selected if they verify that:

PedE 5 20 GeV,
p;:lbleading ~ 10 GeV,
My > 12 GeV  and M., > 12 GeV, (20)
|Mu — Mz| > 15 GeV,
75 (ee, ppn) > 40 GeV  and EFYS (ep) > 20 GeV.

In ME+Pythia+PGS-MC simulation jets are recon-
structed with the anti-kr algorithm with a jet resolution



parameter AR = 0.5 and we veto events containing jets
with

pr > 30 GeV and |n;| < 5.0. (21)

Finally for events with same flavour leptons, the angle
in the transverse plane between the dilepton system and
the most energetic jet with pp > 15 GeV is required to
be smaller than 165 degrees.

We exhibit in Table I the overall normalization needed
to tune our simulations to the CMS one presented in Ta-
ble 1 of Ref [21]. To verify the quality of our simulations
we compare their results with the kinematic distributions
in Ref. [11]. As an illustration in the top panel of Fig-
ure 2 we plot the leading lepton transverse momentum
distribution. As we can see, our simulation tools are in
good agreement with the CMS Monte Carlo.

As before, in the simulation of the Z’ signal we em-
ployed the same normalization factors obtained from the
WTW = SM production for the channels ee, e, and ju.
Here, the presence of a new spin—1 resonance leads to an
enhancement at large pp’s as displayed in the lower panel
of Fig. 2.

The exclusion limits on the production of a Z’ were
extracted using a binned log-likelihood function based
on the contents of the bins of the transverse momentum
distribution of the leading lepton®

—2InLoms(Mz, G, Tz) =

NE&'s ‘ ‘ ‘ . Ni
Min {2 [NngNg—N;jLN;log%
& ; Np + N

sy 2 sy \ 2
+(55) + (%) ) =tustz0m2) (22
b S

where
Np = Ny (1+&") + Ny, (1 +5) (23)
N§ = (G°Ny +GN},) (1+6Y) . (24)

Again N} stands for the number of events expected on
the i-th bin for the SM processes except for the W W~
contribution, N is the number of events expected on
the i-th bin for the WTW ™ contribution, G*N}, and
GN} . are the number of events expected on the i-th
bin for the pure signal contribution and the interference
respectively and N7 is the observed events on the bin i.

In the CMS case we make a simplified treatment of the
systematic uncertainties in terms of two pulls: & is the
pull to account for the uncertainty on the expectations for
all the SM processes except for the W+ W~ contribution

3 With in the range of the kinematic variables presented in the
different CMS plots, the leading lepton transverse momentum
distribution is the most sensitive to the presence of a Z’.
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Figure 2: Upper panel: Leading lepton transverse momen-
tum distribution of the SM contributions to the process pp —
(¢ Br calculated by CMS (colored histograms) together
with the number of observed events by CMS (points with er-
ror bars) and the performance of ME+Pythia+PGS-MC (red
solid) and OUR ME-MC (red dotted). The results shown cor-
respond to an integrated luminosity of £ = 1.55 fb~ 1.

Lower panel: Transverse momentum of the leading lepton for
the total SM contribution to the process pp — ¢ ¢'"Fr (gray
hashed) together with the total expected number of events
including a Z’ of 250 GeV with G = 0.5 (blue), a Z’ of 400
GeV with G = 1 (yellow) and a Z’ of 600 GeV with G = 1
(red). For the three masses I'ys = 0.06Mz/. We include also
the observed distribution of events in CMS.

while £ is the one to account for the systematic un-
certainty on WTW ™ and the Z’ new contributions. The
standard deviations for these pulls are obtained from [21]:

ol = 020, (25)
oY = 0.08. (26)



As for ATLAS we performed two analyses. In the first
one we calculate In Loyg with the event rates in the
36 leading transverse momentum bins between 20 GeV
and 200 GeV (i.e. N@ifs = 36). In the second anal-
ysis we included an extra bin where we sum expected
contributions from the Z’ with pi*™& > 200 GeV (i.e.
NZgts = 37) and where we assumed that the number
of observed events and SM expected predictions for the
37th bin are equal to 0.

Combined Analysis

We also combined the ATLAS and CMS results to get
more stringent exclusion limits on the production of a Z’
by constructing the combined log-likelihood function

X?omb(MZ’v G7 PZ’) = X2ATLAS(MZ’7 G7 PZ’)
Xes (M7, G T ) (27)

where we conservatively assumed that the ATLAS and
CMS systematic uncertainties are uncorrelated.

In all cases we set the exclusion 95% (20, 1 d.o.f) limits
on G by maximizing the corresponding likelihood func-
tion (or equivalently minimizing the x?) with respect to
G for each value of Mz and I'z, and imposing

|X2(MZ’7G7FZ’)_X?nin(MZ’uFZ’” >4. (28)

IV. MODEL INDEPENDENT RESULTS

The 20 exclusion limits on possible new states Z’ de-
rived from My spectrum observed at the £ = 1.02 fb™!
ATLAS data set are depicted in Fig. 3. The results are
shown in the plane G ® My, for three possible values of
the Z' width T’z /Mz = 0.01, 0.06 and 0.3 as labeled in
this figure.

The red solid regions in Fig. 3 were derived using the
log-likelihood function in Eq. (13) with N7%* = 15, i.e.
with the 15 bins of the transverse mass distribution be-
tween My = 40 GeV and My = 340 GeV. Comparing
the left, central and right panels one observes that, as ex-
pected, bounds are stronger for narrow resonances. The
shadowed regions in the upper (lower) right corner of the
upper (lower) panels of this figure represents the excluded
values by the condition Eq. (3).

In order to illustrate the effect of the systematic uncer-
tainties included in this analysis we also show the black
dashed curves which correspond to the same analysis but
fixing the pulls to zero. As seen by comparing the dashed
curve with the boundary of the solid region, the bounds
are dominated by statistics for the available integrated
luminosity and the inclusion of the systematic uncertain-
ties have a very limited impact.

The sensitivity reach when a non-zero observation for
My > 340 GeV is included as a 16th bin, is shown as
the purple hatched regions. The effect of the inclusion of
this additional bin is more important the heavier and the

wider Z’ is. This is due to the fact that a heavier and/or
wider Z’ gives a larger contribution to events with My >
340 GeV. Finally the difference between the regions in
the upper and lower panels arises from the interference
between the SM and Z’ contribution. As expected this
effect is only relevant for the lighter and wider Z’ since
the interference term is roughly proportional to T'z/ /M.

The 20 exclusion limits on the production of a Z " de-
rived from our analysis of the plz‘fadmg distribution mea-
sured by CMS with £ = 1.55 fb~! can be seen in Fig. 4.
The dependence of the excluded range of G on the Z’
mass and width is similar to Fig. 3 as expected. The
only difference is associated with the larger event sam-
ple. As no positive signal is observed neither in ATLAS
nor in CMS, the bounds obtained from our analysis of
the CMS data are stronger than for the ATLAS due to
the larger integrated luminosity used in the former.

Finally in Fig. 5 we present the exclusion constraints
on the production of a new neutral vector resonance from
our combined analysis of the measured My distribution
in ATLAS with £ = 1.02 fb~" and the pi*®™® distribu-
tion measured by CMS with £ = 1.55 fb~!. We see that
the combination of ATLAS and CMS data have already
excluded a sizable region of the parameter space for the
production of new spin-1 Z’ associated with the EWSB
sector. In particular, from our analysis with 15 and 36
(16 and 37) bins of the ATLAS and CMS distributions, a
narrow resonance of any mass with Iz /Mz = 0.01 and
that saturates the partial wave amplitude for the process
WHW—= — WTW~, is excluded at 95% CL if its cou-
pling to the light quarks is larger than 45% (22%) of the
SM Zgq coupling. Moreover, our analysis with 15 and
36 bins of the ATLAS and CMS distributions, excludes
at 95% CL a wider resonance with I'z/ /Mz = 0.06 (0.3)
that saturates the partial wave amplitude for the process
WTW= — WTW~ and couples to light quarks with SM
strength if Mz < 1250 (850) GeV. From the extended
analysis using 16 and 37 bins of the ATLAS and CMS dis-
tributions we find that no such SM coupling resonance is
allowed for any mass for Iz /My = 0.06 or Mz < 1750
GeV for FZ’/MZ’ =0.3.

At this point it is interesting to compare our Z’ bounds
with the ones obtained by the CDF collaboration analyz-
ing WW production at the Tevatron [22] in the frame-
work of the Sequential Standard Model [23]. In the CDF
analysis our coupling G is related to the parameter £ as
G = &V3Mz /My while the Z' width is a well defined
function of £ and My.. Generically this lead to a narrow
Z's with T'z/ /M7 < 0.1. For Z’ masses of 250, 600 and
950 GeV the CDF constraints read |G| < 0.47, 0.27 and
1.36 respectively. On the other hand our analyses with-
out (with) extra bins lead to bounds |G| < 0.20, 0.12 and
0.60 (0.18, 0.067,0.15) for the same masses. In conclu-
sion, translating our bounds into the model used by CDF
we get that generically the constraints from our most con-
servative analysis of the ATLAS and CMS distributions,
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Figure 3: 95% CL exclusion limits on the production of a Z’ from our analysis of the My distribution measured by ATLAS
with £ = 1.02 fb~! and for three values of Iz /Mz = 0.01, 0.06 and 0.3 (left, center and right panels respectively). The red
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NIt® = 15. The regions bounded by the black

dashed curves correspond to the same analysis removing the effect of the systematic pulls. The purple hatched regions are

derived using the log-likelihood function in Eq. (13) with N37*

= 16. The shadowed regions in the upper (lower) right corner

of the upper (lower) panels represent the excluded values by the condition Eq. (3).

i.e. without the extra bins, extend the CDF exclusion to
couplings about a factor 2 smaller for the accessible mass
range at Tevatron Mz < 950. Furthermore, our results
also widen the accessible Mz, mass range.

V. MODEL DEPENDENT RESULTS

The above analyses can be used to place bounds on
specific models once we take into account its couplings.
Generically within a given model the width of the vector
resonance and the strength of its couplings to fermions
and gauge bosons can be functions of a few parame-
ters. As an illustration we made a dedicated study of the
bounds attainable in the framework recently proposed
in Ref. [24] that exhibits a single vector SU(2)custodial—
triplet resonance that is included to saturate the unita-
rization condition. In brief in this case the couplings of
the resonance to the fermions as well as to the gauge

bosons can be cast in terms of a unique parameter g,
with the decay into gauge bosons being the dominant
mode. The other free parameter is the mass of the new
resonance M, = Mz:. The limits derived in the previ-
ous section can not be directly applied to this case since
the Z’ couplings to quarks differs from the SM ones. In
this example we generated the O(a*) amplitudes using
MADGRAPH. The constraints in this scenario coming
from the reaction 1 are shown in Fig. 6 and they rep-
resent the strongest bounds at present on this scenario.

Because of the existence of an associated charged res-
onance associated to the unitarization of the channel
WZ — WZ, bounds can be also imposed from the
searches of pp — ZW® such as the one performed by
the CMS collaboration [25]. CMS present the results
of their negative searches for W’ in the framework of
the Sequential Standard Model [23] as constraints on
o(pp = W') x Br(W’ — 3lv). In Ref. [24] a simplified
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Figure 4: 95% CL exclusion limits on the production of a Z’ from our analysis of the plzrfading distribution measured by CMS
with £ = 1.55 fb™". The left, center and right panels correspond to three values of Tz /M2, = 0.01 ,0.06 and 0.3 respectively.
The red solid regions are derived using the log-likelihood function in Eq. (22) with N{&y/s = 36. The purple hatched regions
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corner of the upper (lower) panels represent the excluded values by the condition Eq. (3).

adaptation of this CMS bound was made which seemed to and its mass. We have set exclusion bounds by looking at
exclude M, < 900 GeV for all values of gprr > 1. How- the different behaviour of the SM processes and Z’' new
ever one must notice that despite the bounds in Ref. [25] contributions with respect to two kinematical variables;
are presented in a seemingly “model independent” form, the transverse momentum of the leading lepton for the
the actual efficiency for reconstruction of their resonance ~ CMS case and the transverse mass of the system for the
signal depends on the assumed width of the resonance =~ ATLAS one as a function of the three free parameters in
which depends on the model assumed. the study. The results are shown in Figs. 3 and Figs. 4
for the study of the measured distribution of events in

ATLAS with integrated luminosity of £ = 1.02fb~" and

VI. SUMMARY in CMS with integrated luminosity of £ = 1.55 fb™! re-

spectively. We have also combined the likelihoods for the

In this work we have presented an analysis of the AT- two analyses to get the more stringent combined exclu-

LAS [10] and CMS [11] kinematic distributions of the sion limits shown in Fig. 5.
pp — {70 ~Fr events to place bounds on the produc-

tion Of a Z/ aSSOCiated Wlth the EWSB sector Wthh We Observe that the Combined analysis ah‘eady ex-
contributes to the above final state via pp — Z° —  cludes a large region of the parameter space for the
WHW= = 00~ Br. lightest masses, well exceeding the limits from Tevatron.

To make our study as model independent as possible Moreover, we also showed how our analysis framework
we kept as independent parameters the coupling strength ~ can be adapted to specific models.
of the Z’ to light quarks, to the gauge bosons, its width,
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