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1 Introduction

Decays of on-shell Z bosons to four-lepton final states Z ! 4` (where ` = e, µ) are predicted by
the standard model (SM) to be rare, with a branching fraction B(Z ! 4`) on the order of 10�6.
The Feynman diagram in Fig. 1 represents the Z ! 4` decay process in the SM. These decays
provide unique opportunities to observe physics beyond the SM (BSM), but because they are
so rare, they have not yet been studied in detail. New light gauge bosons, if they exist, might
be observable in Z ! 4` decays. For example, bosons that couple predominantly to leptons
will contribute to the 4` final state leading to a measured value of B(Z ! 4`), which differs
from the SM predicted value.
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Figure 1: The Z ! 4` decay process in pp collisions.

The high integrated luminosities recorded at the CERN LHC enable precise measurements
of the Z ! 4` decay process. Previous measurements of B(Z ! 4`) have been made by
the CMS Collaboration using proton-proton (pp) collision data collected at

p
s = 7 TeV [1]

and 13 TeV [2, 3], and by the ATLAS Collaboration using combined 7 and 8 TeV data sets [4]
and 13 TeV data [5, 6]. All of these measurements agree with the SM value, B(Z ! 4`) =
(4.70 ± 0.03) ⇥ 10�6, obtained using MADGRAPH [7]. Recently, CMS published a search for
Z decays to ttµµ [8]. The LHCb Collaboration published an observation of the decay J/y !
µ+µ�µ+µ� [9] as did CMS using a method [10] similar to the one described here.

The presence of a new light boson with nonzero couplings to electrons and/or muons would
lead to an increase in B(Z ! 4`). Measurements of B(Z ! 4`) at the LHC have been used to
set limits on the masses of BSM bosons with lepton couplings [11, 12] including the light gauge
boson appearing in certain leptophilic dark matter models [13] and models based on an Lµ � Lt

U(1) local gauge symmetry. CMS performed a direct search for an Lµ � Lt gauge boson in the
Z ! 4µ channel using data corresponding to an integrated luminosity of 77.3 fb�1 collected
at 13 TeV [14]. ATLAS published a similar search for Z0 bosons decaying to µ+µ� [15]. More
precise and detailed studies of Z ! 4` decays will improve the understanding of this process
potentially leading to improved sensitivity to BSM physics.

We present an in-depth study of the Z ! 4` process using CMS pp collision data collected at
8 and 13 TeV. The analyzed data samples correspond to integrated luminosities of L = 19.7 fb�1

at 8 TeV recorded in 2012 and of 138 fb�1 at 13 TeV in 2016–2018 [16–18]. We report the most
precise measurement of B(Z ! 4`) to date and the first CMS measurements of the branching
fractions for the distinct 4µ, 4e, and 2µ2e channels. Measurements of differential decay rates
for the Z ! 4` process as functions of several kinematic and angular quantities defined in
the Z boson rest frame are presented as well. The ATLAS Collaboration has published similar
measurements of differential cross sections [6]. We also report measurements of triple-product
asymmetries that may be used to test for violations of charge conjugation and parity (CP) invari-
ance in Z ! 4` decay. Our measurements are compared with SM predictions, and constraints


