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A search for new physics in final states with an electron or a muon and a neutrino is presented.
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left-handed W’ and the SM W boson occurs. Another interpretation is performed in terms of
compositeness, which would manifest itself as a four-fermion contact interaction, setting a limit

on the new contact interaction scale A of 13.0 (10.9) TeV for the electron (muon) channel.
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A search for new physics in events with a charged lepton (an electron or muon) and a low
mass neutrino in the final state has been performed with the Compact Muon Solenoid (CMS) detec-
tor [1] at the LHC. The dataset corresponds to an integrated luminosity of 20fb~! of proton-proton
collision data collected in 2012 at a center-of-mass energy of 8 TeV. The interpretation of the re-
sults is provided in the context of two theoretical models, the sequential standard model W’ and
a four-fermion contact interaction. This document is based on the results presented in [2]. More
information about the analysis strategy can be found there.

New heavy gauge bosons such as W’ and Z' are predicted by various extensions of the standard
model (SM). In the sequential standard model (SSM) [3], the W’ boson is considered to be a
heavy analogue of the W. It is assumed to be a narrow resonance with decay modes and branching
fractions similar to those of the W, with the addition of the tb channel that becomes relevant for
W’ masses above 180GeV. If the W’ is heavy enough to decay to top and bottom quarks, the
predicted branching fraction is about 8.5% for each of the two leptonic channels studied in the
present analysis. Under these assumptions, the width of a 1 TeV W’ is about 33GeV. Decays of
the W’ into WZ di-bosons are usually suppressed in this model. The assumptions of the SSM were
used in previous searches in leptonic channels at the Tevatron [4, 5] and the LHC [6, 7, 8,9, 10, 11].
If the W’ is right-handed it will not interfere with the W and its signature will be a Jacobian peak,
similar to the SM W but at much higher masses. With increasing W’ masses the phase space
for such heavy particles in pp collisions at \/s=8TeV decreases, leading to a growing fraction of
particles that are produced off-shell at lower masses. If the W’ is left-handed, interference with
the W is expected [12, 13, 14]. Constructive (destructive) interference occurs in the mass range
between W and W’ if the coupling of the W’ boson to quarks and leptons has opposite sign to
(same sign as) the coupling of the W boson to left-handed fermions. In this paper, these models
are labelled as SSMO and SSMS for opposite and same sign, respectively. Figure 1-left shows
the transverse mass distribution for a W’ of 2.4 TeV mass for the cases of constructive (SSMO),
destructive (SSMS) and no interference, along with the background due to the SM W.

Another interpretation is possible in terms of a four-fermion contact interaction. Motivated
by the observation of mass hierarchies in the fermion sector, the basic model assumption is that
quarks and leptons are composite objects of fundamental constituents [15]. At energies much
lower than their binding energy, typically called A, the quark and lepton compositeness would
manifest itself as a four-fermion contact interaction. The contact interaction between two quarks,
a neutrino and a charged lepton is described by the Helicity-Non-Conserving-Model (HNC) [16].
The corresponding cross section is proportional to the square of the center-of-mass energy and
to A~*. This process would yield an unstructured excess, decreasing as a function of Mr (see
Equation 1), as shown in Figure 1-right. In the HNC model there is no interference of the final
state with the SM W because of their different chiral structure.

Candidate events with at least one high-transverse-momentum (pr) lepton are selected using
single-muon (with pr > 40GeV) and single-electron (with pt > 80GeV) triggers. The offline pr
threshold of the muon (electron) channel is set to 45GeV (100GeV) in order to be in the plateau
region. Muons are reconstructed by combining information from the tracker and the muon system.
The reconstruction and selection criteria include constraints on track isolation, the transverse im-
pact parameter and the measured relative uncertainty of the muon pr. Electrons are reconstructed
as isolated objects in the electromagnetic calorimeter. Additional requirements are made on the
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Figure 1: Left: Comparison of the different interference scenarios (SSM = no interference, SSMO = con-
structive interference, SSMS = destructive interference) in the W’ interpretation. The impact of the in-
terference on the combined W-W’ transverse mass spectrum is shown for the example of a 2.4TeV W',
Additionally, in black the SM W transverse mass without the contribution of a W’ is shown. Right: Contact
interaction (HNC model) with a lepton and missing transverse energy in the final state. Displayed is the
transverse mass distribution at generator level for the main SM background (W— ¢v) and three examples of
CI signals with A =4, 7, and 9TeV.

ratio of energy deposited in the hadronic and electromagnetic calorimeter, the shower shape, and
the electron track. In both channels, events with a second isolated lepton are rejected. The neutrino
is not detected directly, but gives rise to experimentally observed missing transverse energy (E?iss).
This quantity is determined using a particle-flow technique [17], an algorithm designed to recon-
struct a complete list of distinct particles using all the subcomponents of the CMS detector. In W’
decays, as well as in the HNC model, the lepton and E?iss are expected to be almost back-to-back
in the transverse plane, and balanced in transverse energy. Additional kinematic criteria therefore
select events with a ratio of the lepton pf} and the ET%, 0.4 < p[TfE?SS < 1.5, along with the require-
ment of the angular difference, A¢y, > 0.87. Here, A¢,y is the azimuthal opening angle between
the charged lepton’s transverse momentum (pgr) and E?m direction. The main observable in this
search is the transverse mass Mr of the lepton-Ef* system, calculated as

M = \/2-pfr-E$iSS-(1—cosva). (1)

Several large samples of simulated events were used to evaluate signal and background ef-
ficiencies. The generated events were processed through a full simulation of the CMS detector
based on GEANT4 [18, 19], a trigger emulation, and the event reconstruction chain. The selec-
tion and reconstruction efficiency is measured in data and simulation using tag-and-probe methods.
Differences are accounted for by applying a scale factor to the simulation. Details about signal effi-
ciencies, generators and cross sections can be found in [2]. The primary source of SM background
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Figure 2: Observed transverse mass distributions for the electron (left) and muon (right) channels. The
latter uses variable binning considering the pt dependent momentum resolution. The shaded area represents
the total systematic uncertainty on the SM background. Simulated signal distributions for W’ masses of 0.5
and 2.5 TeV are also shown. Detector resolution effects are included. The simulated background labeled as
‘di-boson’ includes WW, ZZ and WZ contributions.

is the off-peak, high transverse mass tail of W — ¢v decays. Other important backgrounds arise
from QCD multijet, tt, and Drell-Yan events. Di-bosons (WW, WZ, ZZ) decaying to electrons,
muons, or taus were also considered. The background is determined from simulation based on
samples with high statistics at high Mt. The simulation of pile-up is included in all event samples
by superimposing minimum bias interactions onto the simulated processes.

Uncertainties due to lepton energy or momentum resolution and scale are applied to the trans-
verse mass spectrum, which is distorted (scaled and smeared). For the missing transverse energy,
each energy deposition is assigned to its corresponding object (jet, tau, photon, electron, muon,
and unclustered energy). It is then varied according to its type and from this the uncertainty on
the missing transverse energy is calculated. Additional uncertainties on the integrated luminosity
and the pileup determination are incorporated. The total uncertainty of the expected background is
shown as grey, hatched bands in Figure 2. The largest contribution in the electron channel derives
from the electron energy scale, while the muon-transverse-momentum scale constitutes the major
contribution in the muon channel.

The transverse mass distributions for accepted events in the electron and muon channels are
shown in Figure 2, along with two example W’ signals. Data are represented by black dots based
on 20fb~! of pp collision data at 1/s=8 TeV. The various contributions of SM processes to the total
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background are shown in different colors. No significant excess has been observed in the data.
The observed highest transverse mass events have Mt = 2.3 TeV in the electron channel, and Mt
= 2.1TeV in the muon channel.

Upper limits on the production cross section times the branching fraction ow x B(W' — (v),
with £ =e or u are set. Cross section limits are derived using a Bayesian method with a uniform
prior probability distribution for the signal cross section. Systematic uncertainties on the signal
and background yield were included via nuisance parameters with a log-normal prior distribution.
The limits are calculated using a binned likelihood. Multiple bins, as displayed in Figure 2 with
Mrt > 250GeV, are considered. When combining the electron and muon channel, the uncertainties
deriving from the different lepton measurements are assumed to be independent. Uncertainties due
to the missing transverse energy determination, the pileup and the luminosity measurement are
considered to be fully correlated.

Using the central value of the theoretical cross section times the branching fraction, the exis-
tence of a SSM W’ with SM-like coupling is excluded at 95% confidence level for W' masses less
than 3.35TeV (compared with an expected limit of 3.40TeV). Figure 3-left displays the excluded
W’ cross section times branching ratio as a function of the W' mass. To determine the limits on
the W' models including interference effects with the W, the difference Ac in the Mt spectrum
between the W—W’ signal sample and the W-only sample is considered. Limits on the cross section
modifier Ao /Aoy, are summarized in Table 1.
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Figure 3: Left: Limits for heavy W’ bosons based on the 2012 data for the electron and the muon channels
as well as their combination. The W’ mass limits are derived with a Bayesian method. The lines labeled as
Wxkk correspond to an additional interpretation presented in [2]. Right: Upper cross section limits at 95%
confidence level on effective cross section 6(W') x B(W' — £v) above a threshold MI™". The one (two)
sigma uncertainty bands are shown in green (yellow). Detector efficiencies are accounted for.

In the HNC contact interaction interpretation, a limit can be set on the binding energy scale A.
The statistical interpretation is identical to the W’ case. The limit on A is calculated to be 13.0 TeV
in the electron and 10.9TeV in the muon channel. No combination is attempted here since the
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compositeness substructure may differ between the channels.

Apart from the model dependent multi bin limits, a cross section limit for an unspecific signal

is determined by using a single bin ranging from a lower threshold M%‘i“ to infinity, as shown in

Figure 3-right.

Table 1: Summary of all exclusion limits in the electron and muon channels as well as their combinations.
The interpretation labelled as SSM assumes no interference of W' and SM W. In the SSMO (SSMS) model
a constructive (destructive) interference is assumed. Limits on A in the HNC contact interaction are given in

the last rows.
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