
IW ¼ 3=2; ψe and ψν are the electron and electron neutrino
field respectively. The constants f and ~f are usually set to 1
in the literature, and we keep this choice as well. The
effective Lagrangian in (2) is made of dimension-5 oper-
ators, and hence one inverse power of the new physics scale
Λ is there. Let us now discuss contact interactions (CIs).
Contact interactions describe an effective vertex by a

four-fermion interaction which is obtained after the high
energy modes of order of the compositeness scale Λ have
been integrated out. The underlying theory is indeed not
specified, and an effective Lagrangian is set up in order to
study the interaction between excited fermions and SM
particles. We consider the general contact interaction
Lagrangian to be

LCI ¼
!

g2"
2Λ2

"
jμjμ; ð3Þ

where the current reads [11]

jμ ¼ ðηf̄LγμfL þ η0f̄Lγμf"L þ η00f̄"Lγμf"L þ H:c:Þ
þ ðL → RÞ; ð4Þ

where fL stands for a SM fermion and f"L for an excited
fermion. The constants in front of each vector current are
usually put equal to 1 in the literature. In the following we
do not consider the right-handed Lagrangian term in (4) for
simplicity. The resulting effective Lagrangian in (4) is made
of dimension-6 operators, and hence two inverse powers of
the new physics scale Λ appear. According to the processes
a and b displayed in Fig. 1, we need the following current:

jμ ¼ ½ψ̄ νðxÞγμPLψeðxÞ þ ψ̄EðxÞγμPLψeðxÞ þ H:c:'; ð5Þ

where the fields ψν, ψe and ψE are the electron neutrino,
electron and excited lepton respectively, whereas PL ¼
ð1 − γ5Þ=2 is the chiral projector. The corresponding
Lagrangian reads

LCI ¼
g2"
Λ2

½ψ̄νðxÞγμPLψeðxÞψ̄EðxÞγμPLψeðxÞ þ H:c:':

ð6Þ

The gauge interactions in Eqs. (2) were implemented in
CalcHEP [36,37] in Ref. [21] with the help of FeynRules
[38], a Mathematica [39] packagewhich allows one to write
down the Feynman rules of any quantum field theory model
described by a given Lagrangian. In Ref. [22] the contact
interactions in Eq. (6) have been implemented in the same
CalcHEP model of Ref. [21]. Contact interactions have to
be entered “by hand” in CalcHEP with the help of an
auxiliary gauge field [37] which is exchanged by the
fermion currents. Once this was accomplished, the

CalcHEP generator was used in Ref. [22] to address at
the LHC the interplay of gauge interactions, Eq. (2),
with contact interactions, Eq. (6), in the phenomenology
of the exotic states with respect to single production cross
sections and the excited particles decays. Here we plan to
address the same phenomenology aspects but with a focus
on a linear collider facility.

III. PRODUCTION CROSS SECTIONS

Excited leptons were first introduced in the context of
compositeness and weak isospin invariance [10]. Higher
isospin multiplets, namely IW ¼ 1 and IW ¼ 3=2, were
added to the standard ones (IW ¼ 0 and IW ¼ 1=2) in
Ref. [35]. Exotic electromagnetic charges for the fermions
are then allowed (Q ¼ 4=3e; 5=3e for quarks and Q ¼ 2e
for leptons). Such exotic charges, not present in the SM,
may lead to interesting signatures that can be investigated at
colliders. In particular we will focus on the single pro-
duction of the doubly charged excited electron E−− at the
e−e− option of the linear collider, e−e− → E−−νe.

A. Gauge interactions

In this subsection we focus on the production cross
section for doubly charged leptons via gauge interactions.
At variance with contact interactions, the gauge interactions
enrich the phenomenology with the sensitivity to angular
distributions and to different weak isospin multiplets.
As a drawback, the production cross sections derived from
gauge interactions are rather smaller than the ones

(a) (b)

(d)(c)

FIG. 1. Diagrams for the process e−e− → E−−νe induced by the
contact interaction Lagrangian (a and b) and gauge interaction
Lagrangian (c and d). Solid lines stand for electrons and electron
neutrinos, wiggled lines for the W boson, and solid double lines
for the doubly charged lepton. We label with different momenta,
p1 and p2, the incoming electrons.
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