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We analyze the lepton number violating (LNV) meson decays that arise in a TeV scale Left Right
Symmetry model. The right handed Majorana neutrino N along with the right handed or Standard
Model gauge bosons mediate the meson decays and provide a resonant enhancement of the rates
if the mass of N (MN) lies in the range ∼ (100MeV− 5GeV). Using the expected upper limits
on the number of events for the LNV decay modes M+

1 → `+`+π− (M1 = B,D,Ds,K), we derive
constraints plausible on the mass of the right handed charged gauge boson by future searches at
the ongoing NA62 and LHCb experiments at CERN, the upcoming Belle II at SuperKEK, as well
as at the proposed future experiments, SHiP and FCC-ee. These bounds are complimentary to the
limits from same-sign dilepton search at Large Hadron Collider (LHC). The very high intensity
of Charmed mesons expected to be produced at SHiP will result in a far more stringent bound,
MWR > 18.4 TeV (corresponding to MN = 1.46 GeV), than the other existing bounds from collider
and neutrinoless double beta decay searches.
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1. Introduction

One of the most attractive framework to explain the small light neutrino masses is the Minimal
Left-Right Symmetry Model (MLRSM) [1]. The light neutrino masses in this model are generated
from dimension-five lepton number violating (LNV) operator that violates lepton number by two
units and hence their Majorana nature can be confirmed by observing various LNV signal in exper-
iments, such as neutrinoless double beta decay. LNV signature can also be tested through indirect
searches from meson decays, M+

1 → `+`+π−. Right handed Majorana neutrinos with mass in the
hundreds of MeV-few GeV range, can be produced as an intermediate on mass shell state, resulting
in a resonance enhancement of the LNV meson decay rates. The detailed study of these is the main
objective of this paper [2].

In addition to the particle content of the Standard Model (SM), the model contains three right
handed Majorana neutrinos NR, and the additional gauge bosons WR and Z′. The charged current
Lagrangian for the quarks and leptons in this model have the following forms:

L q
CC =

g√
2∑

i, j
uiV CKM

i j W+
Lµ

γ
µPL d j +

g√
2 ∑

i, j
uiV R−CKM′

i j W+
Rµ

γ
µPR d j +H.c.,

L `
CC =

g√
2 ∑

i, j
`LiW

−
Lµ

γ
µPL (Ui jνL j +Si jNc

j )+
g√
2 ∑

i, j
`Ri W−Rµ

γ
µPR (V ∗i jN j +T ∗i jν

c
L)+H.c., (1.1)

where U = (1− θ 2

2 )UPMNS,V = (1− θ 2

2 )VR, S = θVR, T =−θUPMNS, θ 2 = mν

MN
and we have con-

sidered VR = I.

2. Imprint of Majorana Signature in Meson Decays

Together with the gauge bosons WR, or even with WL, Ni can mediate the lepton number violat-
ing meson decays, M+

1 (p)→ `+1 (k1)`
+
2 (k2)M−2 (k3), where M1 is a pseudoscalar, while M2 can be

a pseudoscalar or a vector meson. We assume that there are three RH neutrinos with masses in the
100MeV−5 GeV range, that contribute in these meson decays. The Feynman diagrams for these
decays are shown in Fig 1. We can write the amplitude for this pseudoscalar meson decay as,

M P
h1h2

= M P
1h1h2

+M P
2h1h2

where, h1h2 can be of different chiralities LL,RR,LR,RL and the second term is obtained by in-
terchanging the momenta k1 with k2 of the 2 leptons, as well as interchanging the leptonic mixing
elements.

M P
1 = M P

1LL +M P
1RR +M P

1LR +M P
1RL

= A∑i

(
MNi

(
S∗`1Ni

S∗`2Ni

)
u(k2) /k3/p(1−γ5)v(k1)

(p−k1)
2−M2

Ni
+iMNi ΓNi

+MNi

(
M4

WL
M4

WR

)
(V`1NiV`2Ni)

u(k2) /k3/p(1+γ5)v(k1)

(p−k1)
2−M2

Ni
+iMNi ΓNi

+

(
M2

WL
M2

WR

)
(S∗`1Ni

V`2Ni)
u(k2) /k3(/p−/k1)/p(1−γ5)v(k1)

(p−k1)
2−M2

Ni
+iMNi ΓNi

+

(
M2

WL
M2

WR

)
(V`1NiS

∗
`2Ni

)
u(k2) /k3(/p−/k1)/p(1+γ5)v(k1)

(p−k1)
2−M2

Ni
+iMNi ΓNi

)
,(2.1)

where, A = G2
FVCKM

M1
VCKM

M2
fM1 fM2 . MNi , ΓNi are the mass and decay width of the heavy neutrino Ni.

The total decay width of heavy majorana neutrino Ni for the considered mass range (0.1−5 GeV)
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Figure 1: The Feynman diagrams for the lepton number violating meson decays. These processes produce
resonance enhancement. See text for details.

is given by,

ΓNi = ∑
`,P

2Γ
`P +∑

`,P
Γ

ν`P +∑
`,V

2Γ
`V +∑

`,V
Γ

ν`V + ∑
`1,`2(`1 6=`2)

2Γ
`1`2ν`2 + ∑

`1,`2

Γ
ν`1`2`2 +∑

ν`1

Γ
ν`1 νν .(2.2)

where, `= e,µ,τ , P+= π+,K+,D+,D+
s , P0 = π0,η ,η

′
,ηc, V+= ρ+,K∗+,D∗+,D∗+s , V 0 = ρ0,ω,φ ,J/ψ ,

`1, `2 = e,µ,τ , `1 6= `2. In Fig.2, we have shown the ΓN as a function of mass MN for different WR

masses.
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Figure 2: The total decay width of the heavy neu-
trino N1.

Table 1: Inputs for various experiments.

Experiments NM1 LD[m] βM1 [GeV]
NA62 NK = 1.35×1013 170 75

Belle II ND,Ds,B = 3.4,1,5.5×1010 1.5 0
LHCb ND,Ds,B = 5,2.3,0.8×1012 20 100

FCC-ee NB = 6×1011 2 MZ
2

SHiP ND,Ds = 1.02,0.27×1017 60 58

3. Limit on MWR from ongoing and future experiments

The sensitivity reach for the above LNV decay modes in a particular experiment depends on
the number of the parent mesons M1’s produced (NM+

1
), their momentum (~pM1) and the branching

ratio for these mesons to the LNV modes. Assuming the parent meson M1 decays at rest, the
expected number of signal events is [3]:

Nevent = 2NM+
1

Br
(
M+

1 → `+`+M−2
)
PN ≈ 2NM+

1
Br
(
M+

1 → `+Ni
) Γ(Ni→ `+M−2 )

ΓNi

PN , (3.1)

where for `= e, Ni = N1 and for `= µ , Ni=N2, the factor 2 is due to inclusion of the charge conju-
gate process M+

1 → `+Ni and PN , is the probability of the RH neutrino Ni to decay within a detector

of the length LD given by: PN =

[
1− exp

(
− MNi ΓNi LD

p∗Ni

)]
. In the above, p∗Ni

=
mM1

2 λ
1
2
(
1, m2

`

m2
M1

,
M2

Ni
m2

M1

)
is the momentum of Ni in M1 rest frame. For the meson M1 produced with fixed boost ~β , the en-

ergy of Ni is then given by, ENi = E∗Ni

(
γ +

p∗Ni
E∗Ni

√
γ2−1 cos θ ∗Ni

)
, where E∗Ni

, p∗Ni
are the energy
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and momentum of Ni in rest frame of M1 and γ =
EM1
mM1

. θ ∗Ni
is the emission angle of particle Ni in

the rest frame of M1, which is measured from the boost direction ~β . Hence, the signal event for
M+

1 → `+`+M−2 in the lab-frame is:

Nevent ≈ 2NM+
1

∫ E+
Ni

E−Ni

dENiBr
(
M+

1 → `+Ni
) mM1

2p∗Ni
|~pM1 |

Γ(Ni→ `+M−2 )

ΓNi

P ′
N , (3.2)

where P ′
N =

[
1− exp

(
− MNi ΓNi LD√

E2
Ni
−M2

Ni

)]
, is the probability of Ni to decay within the detector length

LD, after taking into account the boost factor.
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Figure 3: Constraints on the RH gauge boson MWR mass, corresponding to a heavy neutrino MN for K, D,Ds

and B meson decays.

4. Input for different Experiments

In Table.1, we have listed all the relevant input parameter for different experiments which we
have used in our calculation.

5. Results

From Fig. 3 it is evident that the most stringent limit in the MN ∼ 1 GeV range will be provided
by SHiP with the Ds/D→ `+`+π− decay mode. In the relatively higher mass range MN ∼ 4 GeV,
stringent limit can be obtained by FCC-ee, Belle-II and LHCb experiments. Besides, the ongoing
NA62 can give constraint MWR > 4.6 TeV(MN1 ∼ 0.38 GeV), which is competitive with the collider
bounds from LHC.

6. Conclusions

We evaluate the lepton number violating meson decays M1→ `+`+M2 within the framework
of a Left-Right symmetric model. The meson decays are sensitive for low mass right handed
neutrinos (in the few 100 MeV-few GeV range) and are complementary to LHC (sensitive to few
hundred GeV to TeV mass neutrinos).
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