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Non-Resonance Searches with Lepton

DongHee Kim-2 on behalf of ATLAS and CMS collaboration
"WCU High Energy Collider Physics Research, Kyungpook National University, Daegu, 702-701, Republic of Korea

Abstract. In this contribution, results on non-resonance search with lepton are presented. The searches looking
for a single lepton, dilepton, trileptons and quarks as well have been performed and their possible interpretations
for each channel are given. The discussion is limited to very recent results presented by ATLAS and CMS

collaboration in this symposium.

1 Introduction

Non-resonance searches are a typical example that the
LHC took over quickly the all the recent results against the
Tevatron due to the beam energy gaining an order of mag-
nitude in resolution power for searches. The decay chan-
nels considered are a single lepton, dilepton and trileptons
as well as quarks. The results, which are the most recent,
here are based on either 7 TeV or 8 TeV data collected by
the ATLAS and the CMS.

Numerous interpretations are possible to understand
the each decay. Results from the single lepton decay could
be interpreted as searches of charged heavy gauge boson
from the Sequential Standard Model (SSM) [1], excited
chiral bosons [2], Kaluza-Klein (KK) bosons inspired by
split-Universal Extra Dimensions (UED) [3] and preon
binding energy of Contact Interaction (CI) models [4].
Dilepton decay could also be interpreted with Large Ex-
tra Dimensions (LED) [S5] and CI. Trileptons channel is
rather background free to make easier searching for new
phenomena expected from extended gauge models [1] and
technicolor models [6][7]. The channels with quarks could
be interpreted as searches of Heavy neutrino in left-right
symmetric extension to the SM [8] and complementary
new gauge bosons as well.

2 A Single Lepton Signatures

A single lepton channel in hadron collisions has been in-
vestigated for last few decades due to simplicities of decay
mode. Mainly it has been searched for a new heavy gauge
boson W’ decaying to an electron or muon plus a low mass
neutrino. However there are some additional interpreta-
tions considered by both the ATLAS and the CMS.

A search for exotic particles decaying to an electron
or muon, plus a low mass neutrino, has been performed
using 2012 data corresponding to an integrated luminosity
of 3.7 fb~!, collected using the CMS detector in pp col-
lisions at a centre-of-mass energy of 8 TeV at the LHC.
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Figure 1. Observed transverse mass distribution for the W —
ev channel. Simulated W’ signal distributions are also shown,
including detector resolution effects. Labeled ’dibson’ includes
WW, ZZ and WZ contributions.

104 = 95% Observed Limit

-------- 959% Expected Limit

I Expected + 10

[ Expected 20

Theoretical Cross Section NNLO

[ PDF uncertainty

....... Theoretical Cross Section for W, =10 TeV

- Theoretical Cross Section for W, 1= 0.05 TeV/

10°

CMS preliminary
ombined e + 2012
JLdt=371b"

\s=

102

cross sectiono x BR / fb

10¢

1000 1500 2000 2500 3000 3500 4000

M,/ GeV

Figure 2. The limit curve with the combination of electron and
muon channel of W’ with two UED cross sections (u = 0.05 and
10 TeV) plotted. The limits are derived with a Bayesian method.
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Figure 3. 95% C.L. limits on the split-UED parameters y and
1/R derived from the W’ mass limits taking into account the cor-
responding width of the Wz,. The limit for the electron (red
dotted) and the muon (blue) channel individually along with their
combination in 2012 data is compared to the 2011 data combined
result (yellow). The W]Z;K is the lowest state that can couple to SM
fermions and has the same final state as the SM-like W’.

Candidate events with at least one high pr lepton were se-
lected using single-muon (with pt > 40 GeV) and single-
electron (with pr > 85 GeV) triggers. Electrons were
reconstructed as isolated objects in the electromagnetic
calorimeter, with additional requirements on the shower
shape and the ratio of hadronic to electromagnetic de-
posited energies. The electrons were required to have at
least one inner tracker hit, a transverse energy greater than
90 GeV, and were required to be isolated in a cone of
radius AR = +/An? + A¢?< 0.3 around the electron can-
didate direction, both in the tracker and in the calorime-
ter.The main observable in this search is the transverse
mass Mt of the lepton-missing Et system, calculated as

My = \/2 - ph - EXSS - (1 = cosA¢y,) where Agy, is the az-
imuthal opening angle between the charged lepton’s trans-
verse momentum and missing Et direction. The transverse
mass distributions [9] for ev channel after these selections
are shown in Figure 1.

The primary source of background for all these signals
is the off-peak, high transverse mass tail of the standard
model W — [y decays. Other important backgrounds arise
from QCD multijet, 7, Drell-Yan (DY) and Di-bosons
(WW,WZ,ZZ) events. The event samples for each back-
ground were generated by taking into account of NNLO
cross sections mostly. All the samples were normalized
to the integrated luminosity of the recorded data. All the
backgrounds estimates are shown in Figure 1 together with
signal Monte Carlo (MC) events.

No significant excess of events above the standard
model expectation is found in the transverse mass dis-
tribution of the lepton-neutrino system. Mass exclusion
limits at 95% C.L. for plausible exotic particles are deter-
mined. Cross-section limits were derived using a Bayesian
method with a uniform prior probability distribution for
the signal cross section. Figure 2 displays the excluded
W’ cross section times branching ratio as a function of the
W’ mass. The combination of electron and muon chan-
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Figure 4. Limit on the preon binding energy A in the helicity-
non-conserving CI model ( A < 8.7 TeV excluded)
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Figure 5. Expected and observed limits on ox B for W* — Iy
in the combination of electron and muon channels assuming the
same branching fraction for both. The calculated value for o-x
B(LO) and its uncertainty is also shown.

nels for 2011 and 2012 data yields a limit on a SSM W’ of
2.85 TeV. The observed limits illustrated in Figure 2 can
also be reinterpreted in terms of the WI%K mass, as shown
in the same figure for values of the bulk mass parameters
u = 0.05 and 10 TeV. These lower limits on the mass can
be directly translated to bounds on the split-UED [10] pa-
rameter space [1/R, u] as shown in Figure 3. Another rein-
terpretation can be done in terms of four-fermion CI of
Helicity-Non-Conserving model [11], providing a limit on
the preon binding energy scale A. The limit on A is calcu-
lated to be 8.7 TeV as shown in Figure 4. A search by AT-
LAS was performed for the charged partners [2][12], W*,
of the chiral boson excitations. The anomalous coupling of
the W* leads to kinematic distributions significantly differ-
ent from those of the W’. A lower mass limit is evaluated
by fixing the W* coupling strengths to give the same partial
decay widths as the SSM W’. A W* is excluded for my- <
2.42 TeV [13] at the 95% C.L. as shown in Figure 5.

3 Dilepton Signatures

Non-resonant deviations in the high mass dilepton invari-
ant mass spectra are predicted in LED and CI. Both the
ATLAS and the CMS has carried out the searches from the
ee and pu channels. The left-left isoscalar model [14] is
used as a benchmark for CI searches to set the limit of the
scale A while the three different formalisms, GRW [15],
Hewett [16] and HLZ [17] in the ADD large extra dimen-
sions model [5] to set the Mg bound.
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Figure 6. Evolution of W/(— [v) mass limits for the last two
years. Normalised cross-section limits (07jimit/0"sm) as a function
of W’ mass from CDF [36], ATLAS [13] and CMS [9][37]. The
region above each curve is excluded at the 95% C.L.
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Figure 7. Dimuon invariant mass distribution for data (points)
and MC simulation (filled histograms). The open histograms
correspond to the distributions expected in the presence of CI
or LED for several model parameters.

The ATLAS data sample corresponds to a total inte-
grated luminosity of 4.9 and 5.0 fb™! at 7 TeV pp col-
lisions in the ee and pu final states, respectively. The
trigger for the dielectron dataset required the presence of
two electromagnetic clusters consistent with originating
from electrons with transverse momentum pt > 20 GeV,
whereas events in the muon dataset were required to pass
at least one of two single-muon triggers with pr thresholds
of 22 GeV and 40 GeV. After passing the trigger selec-
tion, events are required to have a pair of either electrons
or muons with pr > 25 GeV. To reject cosmic ray events
and beam halo background, events are required to have
a reconstructed vertex with at least three charged particle
tracks with pt > 0.4 GeV. If more than one such vertex is
found, the vertex with the largest £ p% is selected as the pri-
mary vertex of the event, where the sum is over all charged
particles associated with the given vertex. Electron can-
didates are confined to || < 2.47, with the calorimeter
barrel-to-endcap transition region 1.37 < || < 1.52 ex-
cluded due to the degraded energy resolution in this re-
gion. Muon candidates are required to be within the inner
detector acceptance. The electron and muon candidate are
reconstructed.

The dominant background contribution comes from
the SM DY process with smaller contributions from 7 and
electroweak diboson production. In the dielectron chan-
nel, there is also a significant background from multi-jet
and W+jets events in which jets are misidentified as elec-
trons. Backgrounds are estimated using fully simulated
MC samples except for the combined multi-jet and W+jets

Table 1. Expected and observed 95% C.L. lower limits on
the CI energy scale A for the combination of the dielectron
and dimuon channels by ATLAS. Results are provided for
constructive and destructive interference as well as different
choices of flat priors: 1/A” and 1/A*.
channel prior Exptd limit Obsrvd limit
Constr. Destr.  Constr.  Destr.
ee+puu  1/A7 15.0 11.3 13.9 10.2
1/A* 138 10.5 12.9 9.8

Table 2. Observed 95% C.L. lower limits on Mg by ATLAS,
including systematic uncertainties, for ADD signal in the
GRW, Hewett and HLZ formalisms with K-factor applied to
the signal for all the channels. Separate results are provided
for the different choices of flat priors: 1 /M‘S‘ and 1 /MSS.
channel prior GRW Hewett HLZ(n=3,n=7)
ee + uu 1/M§ 3.51 3.14 418 2.79
+ vy l/M§ 3.39 3.20 3.69 3.02

background, which is determined from the data. Figure 7
shows dimuon invariant mass distribution [18] for data and
MC simulation. The open histograms correspond to the
distributions expected in the presence of contact interac-
tions or large extra dimensions for several model parame-
ters.

No significant deviation from the Standard Model is
observed in the dilepton mass distributions. Using a
Bayesian approach with a prior flatin 1/A?, as was done in
most previous searches at hadron colliders, the following
95% C.L. limits are set on the energy scale of contact inter-
actions: A* > 13.9 TeV (A~ > 10.2 TeV) in the combined
dielectron and dimuon channel for constructive (destruc-
tive) interference in the left-left isoscalar compositeness
model (Table 1). Somewhat weaker limits are obtained
with a prior flat in 1/A*. Limits are also set on the scale
Mg in the ADD model. Those range from 2.8 to 4.2 TeV
depending on the choice of model, channel, and prior for
the combination of the dilepton and diphoton searches (Ta-
ble 2). The limit by the CMS is A* > 13.1 TeV (A~ > 9.5
TeV) in the dimuon channel [19] for constructive (destruc-
tive) interference case with 5.3 fb~! at 7 TeV. For the My,
depending on the number of extra dimensions and the va-
lidity range of the theory, limits of up to 3.72 TeV at 95%
C.L. were set in dielectron channels [20] with 5.3 fb~! at
7 TeV.

4 Trilepton Signatures

Even though W’ searches have been conducted in leptonic
final states by assuming that the W — WZ decay mode is
suppressed, the searches by WZ pairs are complementary
to searches in the leptonic channels. Moreover, there are
other models in which the W’ couplings to SM fermions
are suppressed, giving rise to a fermiophobic W’ with an
enhanced coupling to W and Z bosons [21][22]. As an-
other interpretation of WZ decay is technicolor modeling
on QCD with no elementary scalar particles. In low-scale
technicolor [23][24], the lightest techni-hadrons are ex-
pected to have masses below 700 GeV, with the lightest
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Figure 8. WZ invariant mass distribution for the full mass range.

vector technirho prc and its axial-vector partner techni-a
arc able to decay to WZ boson pairs.

A search is performed in pp collisions at /s = 7 TeV
for those particles decaying via WZ to final states with
electrons and muons by both the ATLAS and the CMS.
The WZ — 3lv decay is characterized by a pair of same-
flavor, opposite-charge, isolated leptons with high trans-
verse momentum, having an invariant mass consistent with
that of the Z boson, along with a third, high-pr, isolated
lepton, and missing transverse energy associated with the
escaping neutrino.

The dominant background for the WZ search comes
from SM WZ production. Its contribution is estimated us-
ing MC simulation. Other sources of background, con-
sidered to be very small, are non-resonant events with no
genuine Z boson in the final state, including 7, multijet,
W + jet, Wy, and WW + jet production. Other diboson
processes such as ZZ and Zy are also estimated using MC
simulation. Due to known mass of W and Z boson, both
transverse mass and invariant mass distributions are pos-
sible. The ATLAS uses Mt distribution while the CMS
adopts WZ invariant mass distribution. The observed in-
variant mass distribution [25] of WZ candidates by the
CMS is shown in Figure 8. The mass distribution of the
selected WZ candidates is consistent with the SM expec-
tation.

In the case of the ATLAS, using the mass hierarchy
assumption mp,. = Mg + my, prc technimesons with
masses from 200 GeV up to 467 GeV and 456 GeV are ex-
cluded at 95% C.L. for m,,. = 1.1 m,,. and m,,. > m,,,
respectively with 1.02 fb~! at 7 TeV as shown in Figure 9
[26]. The CMS has set the most stringent limits to data
in WZ channel. Technicolor pr¢ hadrons with masses be-
tween 167 and 687 GeV have been excluded, assuming
My = My + 25 GeV. Under the alternative assumption
My < My + My, prc hadrons with masses between 180
and 938 GeV have been excluded. Of particular anoma-
lous event by the CDF in the W + jets channel [27], with
proposed parameters m,,. = 290 GeV and my,. = 160 GeV
is excluded by the 95% C.L. upper bound of 150 GeV on
My, for the required prc mass.(x point in Figure 10)
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Figure 9. The 95% C.L. expected and observed excluded mass
regions in the (my., My,.) plane for m, . = 1.1 m, ..
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Figure 10. Two-dimensional exclusion limit for Technicolor as
a function of the prc and ¢ masses. This plot uses siny = 1/3.

5 Signatures with quarks involved in

A search for signals from the production of right-handed
Wr bosons and heavy neutrinos N, that arise naturally in
the left-right symmetric extension [28][29] to the SM, is
performed by the CMS with 3.6 fb~! at 8 TeV. A heavy
right-handed charged gauge boson (Wg) decays to a elec-
tron or muon and a heavy neutrino, pp — Wg — IN, with
the heavy neutrino subsequently decaying to a lepton and
two jets via a virtual Wr. The final state is thus two same-
flavor leptons along with two jets. The primary back-
grounds are top quark pair-production and DY production
in association with jets. Multiboson, QCD multijet, and
single top quark backgrounds contribute at a smaller rate.

The invariant mass distribution [30] of the electron-
electron-jet-jet system for events surviving selection cri-
teria is shown in Figure 11. The distribution of expected
backgrounds and the signal mass point My, = 1800 GeV,
My = 900 GeV, are included for comparison. No excess
over expectations from Standard Model processes is ob-
served. The exclusion of the region in the two-dimensional
parameter [My,,My] space extends beyond My, = 2.8
TeV by combining the 8 TeV electron and muon channel.
Moreover the mass of My, was excluded up to 2.9 TeV by
combining 7 and 8 TeV data for the muon channel only,
and assuming that only the muon right-handed neutrino is
light enough to be produced at the LHC as shown in Fig-
ure 12.

As a different scenario [31][32], a heavy Majorana
neutrino can be generated in association with a lepton
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Figure 11. Distribution of the invariant mass of the eejj events
by CMS. The distribution of expected backgrounds and the signal
mass point My, = 1800 GeV, My = 900 GeV, are included for
comparison.

5.0 fb (7 TeV) + 3.6 fb™ (8 Tev)

[ == Observed
|+++ Expected

oo e b b
1500 2000 2500 3000
M, [GeV]

R

1%00

Figure 12. The 95% C.L. exclusion region for the muon channel,
combining the 3.6 fb~! of 8 TeV data with 5.0 fb~! of 7 TeV data
by CMS, as a function the mass of Wy and N,, for the model
assuming equal coupling in the left and right sectors of the model
and with v, channel as the only available leptonic decay channel.

via pp - W* — [N, with N decaying subsequently to
N — I* W¥ — [*jj where the W produced from the pp
interaction is offshell. The search is performed by select-
ing events with two same-sign muons and at least two jets
with low missing transverse momentum, using a dataset
corresponding to an integrated luminosity of 4.7 fb~! at 7
TeV by the ATLAS. The SM background for this signature
is small and comes from the production of diboson events,
together with events where one or more of the muons orig-
inates from a hadronic decay.

The figure 13 shows the invariant mass of the two jets
with the largest transverse momenta after the missing Et
selection is applied. A reasonable agreement is seen be-
tween the data and prediction from the background esti-
mates indicating no excess of events observed. The 95%
C.L. limits on the cross section times branching ratio was
set. The cross section limits are translated into limits on
the coupling parameter IV#le. The resulting limits [33] on
the coupling are shown in Figure 14. These results are the
most stringent direct limits to date on heavy Majorana neu-
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Figure 13. The invariant mass distribution of the two jets with
the largest pr for events with two same-sign muons, at least two
jets and low missing transverse momentum. The shaded band
shows the total uncertainty on the background prediction. The ar-
rows indicate the regions retained by the selection requirements.

& 1 E T T T
== S ATLAS Praliminary

LT’ -
.. -

=Ty T
Tas TRV

—#— Otmarved Limt

-+ Expecood Limt
Expectod Limit - 4
Espetid Linit - 2=

— — o Limit 3 1 a7 Tty T

LSRN R I SR S S S NS N I AR SRR WAy
0300 d2n 140 10 180 200 220 40 260 250 a00
iy |Gy

Figure 14. Observed and expected 95% C.L. limits on the cou-
pling parameter |V,v|* as a function of the My by the ATLAS.
The observed limits from the CMS are also shown.

trino production for heavy neutrino masses greater than
100 GeV.

A search for Wy, that couples only to right-handed
fermions [34], via the Wy — b is complementary one
another with the Iv and WZ decays. The final state signa-
ture is an isolated lepton (e or u), an undetected neutrino
and jets, at least one of which is tagged as a b-jet from the
decay chain Wy — tb, t — bW — bly.

No evidence for W} boson production is found and
95% C.L. upper limits on the production cross section
times branching ratio [35] are set for arbitrary mixtures
of couplings to left- and right-handed fermions. The mea-
surement is compared to the theoretical prediction for the
nominal value of the cross section to determine the lower
limits on the mass of the Wy. A limit of 1.85 TeV is estab-
lished as shown in Figure 15. In addition, constraints on
the Wy gauge coupling for a set of left- and right-handed
coupling combinations have been placed. The Figure 16
shows the contours for the W} boson mass in the (a,d®)
plane for which the cross-section limit equals the predicted
cross-section. For each contour of W} mass, combina-
tions of a and aR above to the right of the curve are ex-
cluded. These results represent a significant improvement
over previously published limits.
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