Lepton collider probes for Majorana
F FATAR I\ neutrino effective interactions.
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Abstract

We exploit the remarkable angular resolution in future lepton colliders to study the sensitivity of forward-backward asymmetries to discover the possible single production of heavy right-handed Majorana neutrinos via ete™ — Nv,
followed by a purely leptonic decay N — 11~ v or a semi-leptonic decay N — 1~ jj, for masses m > 50 GeV. In this regime, we consider the /N production and decays to be dominated by scalar and vectorial four-fermion d = 6
single Np operators in an effective field theory framework. We find that a forward-backward asymmetry between the final muons in the pure leptonic decay mode provides a sensitivity up to 120 for mp = 100 GeV, for effective
couplings a = 0.2 and new physics scale A =1 TeV. In the case of the semi-leptonic decay, we can compare the final muon and higher p7 jet flight directions, again finding up to 120 sensitivity to the effective signals.

Effective interactions formalism

The _SM lagrangian is extended with only one right-handed neutrino_NR with a Majorana mass term, which give§ a Operator Notation  Type Coupling Operator Notation Type Coupling
massive state /V as an observable degree of freedom. The new physics effects are parametrized by a set of effective AN 0 )
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where d is the mass dimension of the operator (9%, o 7 are the effective couplings and the sum in J goes over all (EZ‘O"LWT[N)QEWIL{V OE\Z])W T &X?W (Z_LZ-UWN)quW OXT)B T oz%)B
mdepend.ent mteractlons.at. a given dlrnensmn d. - | Table: Basis of dimension d = 6 baryon number conserving operators with a right-handed neutrino N [1]|. Here [;, u;, d; and L;, Q;
We take into account existing constraints on the operators contributing to neutrinoless double beta decay (0v30- denote, for the family labelled 7, the right handed SU(2) singlet and the left-handed SU(2) doublets, respectively (collectively f;). The
decay) and we set the bound QOyBpR = 3.2 x 1072 (10/87’%) 1/2 for A = 1 TeV. We simplify the parameter space field ¢ is the scalar doublet, B, and W/fy represent the U(1)y and SU(2), field strengths respectively. Also o** is the Dirac tensor, ~*
setting all the other effective couplings a7 in eq. (1) sl bl cm e ssrre mararesl] vellue o are thcla Dirac matrices, and € = ig? is the anti symmetric symbol in two dimensions. Types V, S and T stand for scalar, vectorial and

| _ tensorial (one-loop level generated) structures.
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Collider signals

The signal scattering process considered can be represented in the following Feynmann diagrams: We build our model in FeynRules 2.3and use MadGraph5_aMC@NLO 2.5.5 to generate LHE events at parton
ee” > Nv—vp pv andete™ - Nv—vjjpu” level, which are read by the embedded version of PYTHIA 8 and then are interphased to DELPHES 3.5.0.
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operators. Figure: Parton-level cross sections for the pure leptonic (a) and semi-leptonic (b) processes, with acceptance cuts (see text)
We consider an eTe™ collider with center of mass energy /s = 500 GeV and integrated luminosity £ = | | |
—1 — /
500 fb—-. Acceptance cuts: pln > 20 GeV, pi. > 10 GeV, || <5, |ng| < 2.5, ARjj gpj; > 0.4.

Results: Leptonic and Semi-Leptonic channels

@ We define a forward-backward asymmetry as: A?(?XQ — ]]\\E;]]\\;: where N is the number of events with a positive (negative) value of cos(), the angle between the final particles X| and X flight directions in the Lab (or CM)

frame in the eTe™ collision. The label shows the value Z of the number of standard deviations Zo of statistical significance we obtain for each dataset with a Ay? test.
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Figure: Average AR,,, distribution with E,,,, signal-only (S) no cuts. Figure: Aﬁf distribution with £, signal only, without cuts. Figure: Aif distribution with £, ,, for « = 0.2, A = 1TeV.

@ For low N mass the muons are boosted and emerge in the same direction (Aﬁf = 1) and tend to separate (Aﬁf < 1) even coming out mostly in opposite directions (Aﬁf < 0) when my increases for low values of the summed
energies of the outgoing muons. When their energy increases, the muon pairs tend to be very boosted, giving a positive asymmetry value.
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Figure: Average AR;, distribution with E,, signal-only (S) no cuts. Figure: AJZB distribution with £, signal only, without cuts. Figure: AfZLB distribution with £, for a = 0.2, A = 1TeV.

@ The events with a lighter NV produce a maximal value AjZZB = 1. The muon and jet emerge in the same direction. For the higher m; values the N is less boosted and the muon and jet emerge in an increasingly open angle for
higher muon energies.

@ We apply a selection cut for both processes, keeping MET > 25 GeV, accounting for neutrinos in the final state.
o For the semi-leptonic channel, we use a cut on the transverse mass of the  — [/ system, selecting events with MT-MET(z1)> 85 GeV to reduce the SM background.

Conclusions
We conclude that the use of forward-backward asymmetries in future lepton colliders can probe heavy neutrino new physics in final states with light neutrinos which challenge simpler analyses, with a sensitivity up to 120 that will

eventually allow to put bounds on four-fermion effective operators for a higher m y mass regime, complementary to proposed displaced vertices searches.




