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FIG. 3. Left: The gauge and contact contributions to the width of the decay of the heavy neutrino N into a positron and two
quarks �(N ! e+qq̄0). Right: The branching ratio B(N ! e+qq̄0) of the same decay.
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FIG. 4. On the left the process with the virtual heavy composite Majorana neutrino (N), on the right the process with resonant
production of N and its subsequent decay. The dark blob includes both gauge and contact interactions (see Fig. 1).

This has been explicitly verified and is shown explicitly
in Fig. 5.

IV. SIGNAL AND BACKGROUND

As is well known in the standard model the lepton
number L is strictly conserved and thus processes like
those in Eq. (1) with �L ± 2 are not allowed. How-
ever, within the SM there are several processes that can
produce two same sign leptons in association with jets.
The following processes are considered as main back-
grounds [32]

pp ! tt̄ ! `+`+⌫⌫jets , (14a)

pp ! W+W+W� ! `+⌫`+⌫jj . (14b)

We discuss here the main kinematic di↵erences between
the signal and the background to choose suitable cuts
for optimizing the signal/background ratio. From the

point of view of the leptons’ transverse momentum dis-
tributions in Fig. 6 (top-left and center-left), signal and
background are very well separated, for the given values
of the parameters (m⇤ = 1000 GeV and ⇤ = 10 TeV)
and we can reduce drastically the background applying a
cut on the transverse momentum of the leading positron
at 200 GeV and a cut on the transverse momentum of
the second-leading positron at 100 GeV:

pT (e
+

leading

) � 200GeV, (15a)

pT (e
+

second-leading

) � 100GeV. (15b)

On the contrary we can see from Fig. 6 (top-right and
center-right) that the angular distributions of the lead-
ing and second-leading leptons are quite similar between
signal and background.
From Fig. 6 (bottom-left) regarding the signal we can

see that a fraction ( which depends on the value of m⇤)
of the events have the two jets with a very small sep-
aration in the (⌘,�) plane, �R =

p
(�⌘)2 + (��)2, (⌘

is the pseudo-rapidity and � the azimuthal angle in the


