
VII. DISCUSSION AND CONCLUSIONS

In this work we have discussed the phenomenology of
exotic composite leptons of charge Q ¼ þ2e at the LHC.
Such states are allowed in composite models extended to
include higher isospin multiplets, IW ¼ 1 and IW ¼ 3=2.
Doubly charged leptons Lþþ=L## in these models couple
with the standard model fermions electroweakly only
through the W gauge boson. Thus, their decay channels are
precisely identified. These new resonant states are expected
on general grounds if a further level of substructure exists.

The model, originally discussed in Ref. [13] in its es-
sential features, has been implemented in the CALCHEP

software in order to be able to study the production cross
section and kinematic distributions of the final state parti-
cles. The magnetic moment type interaction (!"# cou-
pling) is not present in CALCHEP, and we implemented it
making use of the MATHEMATICA package FEYNRULES.
Thus, we were able to compare our analytical results
with those of CALCHEP numerical sessions, such as parton
cross sections and decay widths, in order to crosscheck and
validate the newly defined CALCHEP model.

As regards the phenomenology of the doubly charged
leptons, we concentrated on the leptonic signature deriving
from the cascade decays Lþþ ! Wþ‘þ ! ‘þ‘þ#‘ i.e.
pp ! ‘#ð‘þ‘þÞ#‘. Thus, we focussed on a signature
characterized by a low standard model background and a
particular topology, that of same-sign dileptons, which
allows for a clear separation of the signal and the back-
ground overcoming the difficulties of the rather low cross
sections.

We studied the main kinematic distributions for both the
signal and the background, finding clear differences be-
tween them.We showed that the invariant mass distribution
of the same-sign dilepton system has a sharp end point
corresponding to the excited lepton mass m&. The same
feature is absent in the invariant mass distribution of the

SM background. Thus, the invariant mass mð‘þ;‘þÞ is the
most discriminating variable between the signal and
the background as shown in Fig. 5. We find that the

ffiffiffi
s

p ¼
7 TeV run is sensitive at a 3-sigma (5-sigma) level to a
mass of the order of 600 GeV if L ¼ 10 fb#1 (L ¼
20 fb#1). The

ffiffiffi
s

p ¼ 14 TeV run can reach a sensitivity
at a 3-sigma (5-sigma) level up to m& ¼ 1000 GeV for
L ¼ 20 fb#1 (L ¼ 60 fb#1).
The parton level CALCHEP distributions are referred to as

ideal physical objects, as an ideal detector would reveal
them, i.e. detection efficiency and misidentification of par-
ticles are not considered at all. In order to provide a more
realistic description of our processes (signal and back-
ground), we developed an interface between the CALCHEP

LHE output and the general purpose detector simulator
PGS [48]. Thus, the simulation of reconstruction is pro-
vided identifying some selection cuts that reject back-
ground events as much as possible (low efficiency) and
save signal events as much as possible (high efficiency).
The efficiency of the detector is considered: tracker reso-
lution, calorimeter resolution and geometrical acceptance.
The invariant mass distribution mð‘þ;‘þÞ is presented after
the loss of events due to the detector efficiency and the
smearing effect is included, as shown in Fig. 8.
We also discussed, see Sec. 4, some other mechanisms

of production of the exotic doubly charged leptons. In
particular, pair production, via Drell-Yan gluon-gluon fu-
sion and contact interactions. We find that even with the
current strong lower bound on the contact interaction scale
(!C > 10 TeV) pair production via contact interactions is
competitive at

ffiffiffi
s

p ¼ 7 TeV and even dominant at
ffiffiffi
s

p ¼
14 TeV, though leading to different signatures. Single
production of the exotic doubly charged leptons via contact
interactions while certainly interesting and well motiva-
ted would require flavor conserving but nondiagonal
interactions whose analysis is left to a future work. In
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FIG. 8 (color online). The invariant mass distribution of the SSDL after the fast detector simulation for the run at
ffiffiffi
s

p ¼ 7 TeV. A
value of m& ¼ 500 GeV is assumed for the mass of the doubly charged lepton. The signal is the light filled line (orange online) while
the background is the dark filled line (green online). Left panel is for an integrated luminosity L ¼ 10 fb#1; Right panel is for L ¼
30 fb#1.
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