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Figure 2: The Z ! 4` process mediated by a scalar (left) or vector (right) boson U.

considered. The scalar and vector models, respectively, are described by the following addi-
tions to the SM Lagrangian

L � 1
2

∂µU∂µU � 1
2

m2
UU2 + g`

¯̀`U (4)

and
L � 1

2
∂µUn∂µUn +

1
2

m2
UUµUµ + g`

¯̀gµ`Uµ, (5)

where mU is the mass of the U boson and g` (= ge , gµ ) is the strength of its couplings to leptons.

The combined value of published B(Z ! 4`) measurements is used in Ref. [11] to set limits
on the production of U bosons. A similar approach is taken in Ref. [12]. The flavor-specific
branching fractions B(Z ! 4µ) and B(Z ! 4e) enable us to set limits on the presence of U, a
new neutral scalar or vector boson which couples only to muons (i.e., with ge = 0) or only to
electrons (gµ = 0). Our B(Z ! 2µ2e) measurement could be used to constrain the case where
ge , gµ > 0 but ge 6= gµ , although this case is not investigated in this paper.

3 The CMS detector and event reconstruction

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diame-
ter, providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the h coverage provided by the barrel and endcap detectors. Muons are de-
tected in gas-ionization detectors embedded in the steel flux-return yoke outside the solenoid.
A more detailed description of the CMS detector, along with a definition of the coordinate
system used and relevant kinematic variables, is reported in Ref. [25].

The particle-flow (PF) algorithm [26] uniquely identifies all reconstructed particles in an event
based on an optimized combination of information from many different elements of the CMS
detector. PF objects include charged and neutral hadrons, photons, electrons, and muons.

Muons are identified [27] as tracks in the central tracker consistent with either a track or sev-
eral hits in the muon system, and with energy deposits consistent with the expectation for a
muon traversing the calorimeters. Muons are detected in the range |h| < 2.4 using detection
planes employing three technologies: drift tubes, cathode strip chambers, and resistive plate
chambers. For muons with pT up to 100 GeV, the pT resolution is determined mainly by the
tracker, and amounts to 1% in the barrel and 3% in the endcaps [27, 28].

An electron is identified [29, 30] in the range |h| < 2.5 as a charged particle track and one or
more ECAL energy clusters consistent with the extrapolation of this track to the ECAL sur-


