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channel, as reported in [34], will be difficult to explain
solely in terms of heavy exotic quark U+ or D− resonant
production, via the processes in Eqs (2a,2b) , because the
lepton comes from the W gauge boson and thus electrons
and muons will have the same yield. However within our
composite fermions scenario the signature ℓ/pT jj could
get a contribution also from an excited neutrino ν∗ℓ being
produced in association with a lepton pp → ℓν∗ℓ and then
decaying as ν∗ℓ → νℓZ → νℓjj. One could therefore qual-
itatively explain the fact that the excess is observed only
in the e/pT jj via the combined production and decay of

a heavy composite exotic quark U+ and an excited neu-
trino by simply assuming that the ν∗µ has a higher mass
than ν∗e .
We perform a detailed fast simulation of signal and

SM background via the Delphes package [35] and ob-
tain luminosity curves, with the statistical error, as func-
tion of the parameter (m∗) at the 3- and 5-σ level. We
find that for different values of the integrated luminosity:
(30,300,3000) fb−1, commonly used in the study of the
LHC Run II (

√
s = 13 TeV) searches, the correspond-

ing mass discovery reach at the 3-σ level is respectively
m∗ ≈ (2800, 3500, 4200) GeV for the more favourable
case IW = 3/2.
Our study shows clearly that a full fledged analysis of

the upcoming data from the Run II of LHC at
√
s = 13

TeV has the potential of observing the signature or alter-
natively excluding larger values of the exotic heavy quark
masses (m∗) compared to those values already excluded
from analyses of Run I [36, 37] but applicable only to the
standard excited quarks (with non-exotic charges).
The rest of the paper is organized as follows: In Sec. II

we review the theoretical composite model; in Sec. III we
discuss the heavy exotic quark production cross sections
and decay rates; in Sec. IV we discuss the ℓ/pT jj signature
and the main associated standard model background and
discuss the kinematic cuts needed to optimize the statis-
tical significance; in Sec. V we present the results of the
fast simulation obtained through the Delphes [35] soft-
ware and present the 3- and 5-sigma luminosity curves in
the parameter space; finally Sec. VI gives the conclusions
with outlooks.

II. THE EXTENDED WEAK-ISOSPIN MODEL

It is well known that in hadronic physics the strong
isospin symmetry allowed to discover baryon and meson
resonances well before the observation of quarks and glu-
ons. The properties of the hadronic states could be delin-
eated using the SU(2) and SU(3) symmetries. In analogy
with this it may be expected that, for the electroweak
sector, the weak isospin spectroscopy could reveal some
properties of excited fermions without reference to a par-
ticular internal structure.
The standard model fermions have IW = 0 and IW =

1/2 and the electroweak bosons have IW = 0 and IW = 1,
so, combining them, we can consider fermionic excited

FIG. 2. (Color online) The width of the exotic quark U+ as
a function of its mass. The solid (blue) line is the analytical
result in Eq. 6 which is compared with the CalcHEP output,
dots (orange) as obtained form the implementation of our
model. The agreement is excellent.

states with IW ≤ 3/2. The multiplets with IW = 1
(triplets) and IW = 3/2 (quadruplet) of the hadronic sec-
tor include the quarks of exotic charges that are studied
in this work:

U =

⎛

⎝
U+

U
D

⎞

⎠ , D =

⎛

⎝
U
D
D−

⎞

⎠ , Ψ =

⎛

⎜⎝

U+

U
D
D−

⎞

⎟⎠ ,

with similar multiplets for the antiparticles. While refer-
ring to the original work in [12] for a detailed discussion
of all couplings and interactions, we discuss here only
the main features of these higher multiplets. We refer
to [28] for further details and here we mention only that
the higher isospin multiplets (IW = 1, 3/2) contribute
solely to the iso-vector current and do not contribute
to the hyper-charge current. In order to calculate in
detail production and decays of these excited fermions,
we need to discuss the nature of their couplings to light
fermions and the gauge fields. Because all the gauge fields
carry no hyper-charge Y , a given excited multiplet cou-
ples (through the gauge field) only to a light multiplet
with the same Y . Also the coupling has to be of the
anomalous magnetic moment type, for current conserva-
tion. The decay modes and reaction cross sections can
be calculated using the following effective lagrangian in
terms of the transition currents:

L(IW=3/2)
int =

gf3/2
Λ

∑

M,m,m′

C(
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2
,M |1,m;

1

2
,m′)×

(
Ψ̄MσµνqLm′

)
∂ν(Wm)µ + h.c. (3)

L(IW=1)
int =

gf1
Λ

∑

m=0,±1

[(
ŪmσµνuR

)
+

(
D̄mσµνdR

)]
∂ν(Wm)µ + h.c. (4)

In the above equation g is the SU(2) coupling, f1 and
f3/2 are unknown dimensionless couplings expected to


