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FIG. 9. (Color online) Various invariant and transverse mass distributions for a choice of m∗ = Λ = 1000 GeV at
√
s = 13

TeV for the signal, dark line (blue), and the SM background, light line (red). In the top left and top right panels we show
the invariant mass distribution of the lepton with j1 the highest pT jet (leading) and with j2 the second leading jet. In the
bottom panels we show the transverse mass MT distribution (left) and the reconstructed invariant mass, M(ℓνℓj1), of the decay
products of the exotic quark U+ (right).

where pνT = |p ν
T | while pνL and pℓL are the true components

(with sign) of the neutrino and lepton momentum along
the (longitudinal) z-axis and:

A =
M2

W + 2p ℓ
T · p ν

T

2EℓpνT
, B =

pℓL
Eℓ

. (20)

It has the solutions:

pνL =
1

1−B2

[
AB ±

√
A2 +B2 − 1

]
pTν (21)

Note that the discriminant (D) of the second order equa-
tion is the quantity in the square root, D = A2+B2− 1.
We have three distinct possibilities: (i) D > 0, two real
solutions; (ii) D = 0, one real solution; (iii) D < 0, two
complex solutions.
If the discriminant is zero there is only one solution for

pνL which can be used to fully reconstruct the neutrino.
If the discriminant is negative, the event is rejected. If
the discriminant is positive, there are two possible pνL
solutions. Using both of them, the two possible neu-

trino momentum vectors are constructed and, combin-
ing them with the lepton momentum, the two W candi-
date are re-constructed. We select the pνL solution that
gives the more central W , i.e. with the smaller pseudo-
rapidity. Then we can reconstruct the corresponding in-
variant mass Mℓνℓj1. Fig. 9 shows the distribution in the
invariant mass of the lepton, jet and neutrino. There is
a clear peak in correspondence of the exotic quark mass.

V. FAST DETECTOR SIMULATION AND
RECONSTRUCTED OBJECTS

In order to take into account the detector effects, such
as efficiency and resolution in reconstructing kinematic
variables, we interface the LHE output of CalcHEP with
the software Delphes that simulates the response of a
generic detector according to predefined configurations.
We use a CMS-like parametrization. For the signal we
consider a scan of the parameter space (Λ = m∗) within
the range m∗ ∈ [500, 5000] GeV with step of 500 GeV.


