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Abstract

This note describes an evaluation of the potential of the CMS experiment to discover new high-mass
dimuon resonances at LHC center-of-mass energies

√
s of 6 and 10 TeV. The results for lower than

nominal values of
√

s are obtained by rescaling the
√

s = 14 TeV curves presented in CMS AN
2007/038 by the corresponding cross section ratios for signal and Drell-Yan background. The scenario
in which an integrated luminosity of∼100 pb−1 is accumulated at

√
s = 10 TeV offers good chances

to enter a yet unexploredZ′ mass region above 1 TeV.

1) Full list of names is available in CMS AN 2007/038.



1 Introduction
In this note we describe the results of an evaluation of the potential of the CMS experiment to discover
dimuon decays of Z′ gauge bosons produced at LHC center-of-mass energies

√
s of 6 and 10 TeV. Such

estimates and their comparison to the expectations for the nominal
√

s of 14 TeV are intended to assist
in making the decision about what energy the LHC should initially run at and for how long. Given the
short time available for this study and the lack of dedicated fully-simulated Monte Carlo samples, the
estimates for

√
s of 6 and 10 TeV were obtained by rescaling of the results of the detailed studies of the

CMS discovery reach at nominal
√

s reported in Refs. [1, 2].

2 Rescaling procedure
In this study, we focus on Z′ bosons of two types:

• ZSSM within the Sequential Standard Model (SSM), which has the same couplings as the Standard
Model Z0; and

• Zψ arising in E6 and SO(10) GUT groups.

In addition to being often used as benchmarks by experimentalists, these models nicely bracket the range
of production cross sections expected in a large variety of Z′ models previously studied in CMS [3].

At the first step towards evaluating the discovery potential, we calculate the product of the leading-order
production cross section σLO and the dimuon branching ratio Br for ZSSM and Zψ at

√
s = 6, 10, and

14 TeV. This is done using version 6.416 of the PYTHIA generator [4] and the CTEQ6L1 set of parton
distribution functions [5]. The values of σLO · Br for 1, 1.5, and 2 TeV Z′ bosons are shown in Table 1.
The cross sections for

√
s = 14 TeV agree within a few per cent with the values used in the detailed

studies of the detection of new high-mass dimuon resonances presented in Refs. [1, 2], which at that time
were obtained with PYTHIA version 6.409 and the CTEQ5L set of parton distribution functions.

Table 1: The product of the leading-order production cross section and the dimuon branching ratio for
ZSSM and Zψ with masses MZ′ of 1, 1.5 and 2 TeV for the studied values of

√
s, as predicted by PYTHIA.

σLO · Br, fb
Model

√
s, TeV (PYTHIA)

MZ′ = 1 TeV MZ′ = 1.5 TeV MZ′ = 2 TeV
6 55 4.6 0.46

ZSSM 10 220 33 6.4
14 460 81 20
6 16 1.3 0.12

Zψ 10 65 9.3 1.8
14 130 24 5.9

Comparing of σLO · Br for different
√

s values shows that a decrease in the proton-proton center-of-
mass energy from 14 to 10 TeV results in a reduction of the Z′ cross section by about a factor of 2 at
MZ′ = 1 TeV and about a factor of 3 at MZ′ = 2 TeV. The effect of reducing

√
s from 14 to 6 TeV is

more dramatic: the Z′ cross sections drop by about a factor of 8 at MZ′ = 1 TeV and about a factor of 40
at MZ′ = 2 TeV. These estimates are in good agreement with the ratios of qq̄ luminosities at different

√
s

values calculated by J. Stirling [6].

The dominant (and irreducible) background to pp → Z′ → µ+µ− is the Drell-Yan production of muon
pairs, pp → γ∗/Z0 → µ+µ−. Its leading-order production mechanism is the same as for the Z′ bosons
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(quark-antiquark scattering); therefore, the ratio of Drell-Yan cross sections at different
√

s values for a
given Mµµ is very similar to that of Z′ of the same mass. Hence, we use the values in Table 1 to rescale
both the signal and the Drell-Yan background. Other backgrounds are expected to be small compared to
Drell-Yan [2] and are neglected. We assume that the K factor does not change with

√
s and therefore

cancels in the ratio of cross sections. We also neglect possible small differences in acceptance, trigger
and selection efficiencies, and the shape of the invariant mass distribution. Under these assumptions, the
ratios of cross sections at various

√
s directly translate into the ratios of integrated luminosities needed to

discover a Z′ of a certain mass. For example, as reported in Refs. [1, 2], the integrated luminosity needed
to reach 5σ significance for a 1.5 TeV ZSSM at

√
s = 14 TeV is 70 pb−1; therefore, at

√
s = 10 TeV, this

same significance would be obtained with an integrated luminosity of 70 pb−1 · (81 fb/33 fb) = 170 pb−1.

3 Discovery potential
The integrated luminosity needed to reach 5σ significance at

√
s = 6, 10, and 14 TeV for the two studied

Z′ models is shown in Fig. 1 as a function of Z′ mass. The curves for
√

s = 14 TeV are the ones in
Fig. 9a) of Ref. [1]; they were obtained in a detailed study of the CMS discovery potential expected
at the nominal

√
s under the misalignment and calibration conditions corresponding to an integrated

luminosity of about 100 pb−1. The curves for
√

s = 6 and 10 TeV are obtained by rescaling the 14 TeV
curves by the corresponding cross section ratios for signal and Drell-Yan background as described in
Section 2.
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Figure 1: Integrated luminosity needed to reach 5σ significance at
√

s = 6, 10, and 14 TeV as a function
of Z′ mass for a) ZSSM and b) Zψ.

One can see that if the LHC operates at
√

s = 10 TeV, a data sample corresponding to an integrated
luminosity of about 100 pb−1 offers good chances to discover Z′ bosons at MZ′ = 1 TeV, a mass value
which will likely be above the Tevatron reach. The same integrated luminosity accumulated at

√
s =

6 TeV would probably not be sufficient to explore a new territory of Z′ parameters.

3



4 Conclusion
The estimates of the CMS potential to discover Z′ bosons via their decays into muon pairs at

√
s of 6

and 10 TeV were obtained by rescaling of the results of detailed studies of the discovery reach at the
nominal LHC center-of mass energy of 14 TeV. It should be possible to enter a yet-unexplored Z ′ mass
region above 1 TeV if the LHC operates at

√
s = 10 TeV and an integrated luminosity of 100 pb−1 is

accumulated; for
√

s = 6 TeV, the amount of integrated luminosity required increases substantially. We
plan to obtain more precise estimates of the CMS discovery potential at

√
s = 10 TeV in a dedicated

study later this year.
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