
11

cut pT (j1) pT (j2) MT

t1 > 180 GeV – –
t2 > 200 GeV – –
t3 > 180 GeV > 100 GeV –
t4 > 180 GeV – > 400 GeV

TABLE I. Various cuts which have been studied in order to
maximise the statistical significance. It turns out that cut t3
is the most efficient cut.

We have studied four different choices of kinematical cuts
t1 . . . t4 as described in Table I. Although the various
choices perform quite similarly, it turns out that the most
efficient choice is found to be cut t3:

pT (jleading) ≥ 180GeV, (22a)

pT (jsecond-leading) ≥ 100GeV. (22b)

For each signal point and for the standard model back-
ground we generate 105 events in order to have enough
statistics to evaluate the reconstruction efficiencies (ϵs,
ϵb) of the detector and of the cuts previously fixed (see
Eq. 22a, 22b). We select the events with two jets, one
lepton and /pT in the final state. This is justified because
the two jets are well separated, as opposed for instance to
what happens the signal pp → ℓℓjj studied in ref. [31],
due to a heavy composite Majorana neutrino, where it
was found that depending on the heavy neutrino mass
(m∗) it is possible to have merging of the two jets in a
sizeable fraction of the events. Once we have the number
of the selected events we evaluate the reconstruction effi-
ciencies. The efficiencies are shown for the choice of cuts
t3 (see Table I) in Table II. Then for a given luminosity L
it is possible to estimate the expected number of events
for the signal (Ns) and for the background (Nb):

Ns = Lσsϵs , Nb = Lσbϵb , (23)

and finally the statistical significance (S) is evaluated as:

S =
Ns√

Ns +Nb
. (24)

It is then possible to obtain the luminosities needed to
obtain an effect of a given statistical significance as :

L =
S2

σsϵs

[
1 +

σbϵb
σsϵs

]
(25)

Therefore luminosity curves at 5- and 3-σ level (i.e. fix-
ing S = 3 or S = 5) can be straightforwardly given as
a function of the mass m∗ of the exotic quark. Fig. 10
shows such 3- and 5 sigma luminosity curves which can
also be used to get indications on the potential for dis-
covery (or exclusion) at a given luminosity reached by
the experiments at Run II of the LHC.

Background
σb before cut (fb) σb after cut (fb) (ϵb)

8200000 14678 0.00179
Signal (IW = 1)

m∗ (GeV) σs before cut (fb) σs after cut (fb) (ϵs)
500 7782 5416.74 0.69606
1000 1277 1064.33 0.83346
1500 344.6 298.489 0.86619
2000 107.7 95.1185 0.88318
2500 39.05 34.7037 0.8887
3000 13.5 12.0555 0.893
3500 4.281 3.84352 0.89781
4000 1.424 1.28213 0.90037
4500 0.4957 0.446665 0.90108
5000 0.1799 0.162518 0.90338

Signal (IW = 3/2)
m∗ (GeV) σs before cut (fb) σs after cut (fb) (ϵs)

500 11080 5819.11 0.52519
1000 2240 1649.89 0.73656
1500 806.3 646.065 0.80126
2000 343.2 283.964 0.8274
2500 159.9 134.147 0.83894
3000 60.25 51.8626 0.86079
3500 23.55 20.0983 0.85343
4000 9.347 7.57986 0.81094
4500 3.191 2.60797 0.81729
5000 1.043 0.845737 0.81087

TABLE II. Efficiencies of the standard model Wjj back-
ground and of our signature for the IW = 3/2 and IW = 1
cases. The estimated efficiencies refer to the choice of kine-
matic cut t3 described in Tab. I or Eqs. 22a, 22b.

VI. CONCLUSIONS

We have presented the first study of the production
at the CERN LHC of new exotic quark states of charge
q = (5/3)e and q = −(4/3)e which appear in composite
models of quarks and leptons when considering higher
isospin multiplets IW = 1 and IW = 3/2. Such states
have been discussed quite sometime back [12] but their
phenomenology has been, somewhat surprisingly, not ad-
dressed in detail. Only very recently [28–30] some atten-
tion has been devoted to the phenomenology of exotic
doubly charged states appearing in the lepton sector of
the extended weak isospin model of ref. [12]. Here we ex-
plore, to the best of our knowledge for the first time, the
phenomenology of the hadron sector of the same model
with respect to the CERN LHC experiments, with a focus
on the Run II at a center of mass energy of

√
s = 13 TeV.

This is the main motivation which started the present
work which however acquires a relevant importance in
view of the fact that the model considered here has the
potential of explaining, at least qualitatively, the excess
above the SM background reported very recently by the
CMS collaboration in the analysis of the data of Run I
at

√
s = 8 TeV in the e /pT j j channel [34].

This is particularly interesting in view of the fact that
the recent studies [31] of the lepton sector of extended
weak-isospin composite multiplets suggest a possible ex-


