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FIG. 8. (Color Online) Various (normalized) distributions of the signal pp → e/pT jj, dark line (blue), in the case of an

exotic quark state U+(5/3) mass m∗ = 1000 GeV and for a compositeness scale Λ = 10 TeV as well as of the SM background
pp → Wjj → ℓ/pT jj, light line (red), at

√
s = 13 TeV. We have used the NNPDF3.0 [44] parton distribution functions evaluated

at the scale Q = m∗. N.B. we have considered here all 14 subprocesses for a total of 29 Feynman diagrams within the first
generation of quarks. In the top (left and right) panels and in the lower left panel we show respectively the pseudo-rapidity
distributions of: (a) the highest pT jet (j1); (b) the second-leading jet (j2); (c) the lepton. In the bottom right panel we show
the missing transverse energy (MET) distribution.

We point out that within our final state signature
(ℓνℓjj) it is always possible to define a cluster trans-
verse mass variable (MT ) in terms of the reconstructed
transverse momentum of the W gauge boson (pTW =
pT ℓ + pTν) and the transverse momentum of the leading
jet (or highest pT jet) pTj1 :

M2
T =

(√
p2TW +M2

W + pTj1

)2

− (pTW + pTj1)
2 (17)

The transverse mass distribution is strongly correlated
with the heavy exotic quark mass m∗. Relevant informa-
tion about the mass of the heavy exotic quark U+ can
be obtained from the transverse mass distribution MT .
This is indeed the case as can be seen from Fig. 9(lower-
left) where the transverse mass distribution obtained for
the parameter value (m∗ = Λ = 1000 GeV) shows a
clear peak characterized by a relatively sharp end-point
at MT ≈ m∗. This is expected since in the resonant pro-
duction the heavy exotic quark, U+ is decaying to ℓνℓj
and the jet from U+ is expected to be the leading, while

the second-leading jet is the one produced in association
with U+, in pp → U+j.

Finally we have also reconstructed the invariant mass
distribution of the decay products of the heavy excited
quark U+: ℓνℓj1. Indeed it is possible to reconstruct
the longitudinal neutrino momentum pz(ν) up to a two-
fold ambiguity [45]. The resulting reconstructed invari-
ant mass Mℓνj1 is shown in Fig. 9(lower-right).

In order to still reconstruct the invariant mass of the
exotic quark to some degree of accuracy, we can follow
the method described in [45] modified to adatpt it to
our case. We use the conservation of four-momentum
to solve for the longitudinal momentum of the neutrino
(pνL). Conservation of four-momentum, pW = pℓ + pν ,
gives the following equation:

M2
W = (pℓ + pν)

2 . (18)

The only unknown quantity in Eq. 18 is the longitudinal
momentum of the neutrino. Expanding the right-hand
side of Eq. 18 we obtain a second-order equation for pνL:

(1−B2)(pνL)
2 − 2AB pνT pνL + (pνT )

2(1−A2) = 0 (19)


