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Introduction
We discuss a left-right (L-R) symmetric model with the double seesaw mech-
anism at the TeV scale generating Majorana masses for the active left-handed
(LH) flavour neutrinos ναL and the heavy right-handed (RH) neutrinos NβR,
α, β = e, µ, τ , which in turn mediate lepton number violating processes, in-
cluding neutrinoless double beta decay. Working with a specific version of the
model in which the ναL − NβR and the NβR − SγL Dirac mass terms are di-
agonal, and assuming that mNj ∼ (1−1000) GeV and max(mSk

) ∼ (1−10)
TeV, mNj ≪ mSk

, we study in detail the new “non-standard” contributions to
the 0νββ decay amplitude and half-life arising due to the exchange of virtual
Nj and Sk.

Model For LRSM Double Seesaw
LRSM + Sterile Neutrinos SL

1. LR Symmetry

GLR ≡ SU(2)L × SU(2)R × U(1)B−L × SU(3)C

2. Fermion Sector

qL =
(

uL

dL

)
; qR =

(
uR

dR

)
; ℓL =

(
νL

eL

)
; ℓR =

(
NR

eR

)
+

SL︸︷︷︸
Singlet & per gen

3. Scalar Sector

Φ =
(

ϕ0
1 ϕ+

2
ϕ−

1 ϕ0
2

)
︸ ︷︷ ︸

Higgs bidoublet

; HL =
(

h+
L

h0
L

)
︸ ︷︷ ︸

Higgs doublet

; HR =
(

h+
R

h0
R

)
︸ ︷︷ ︸

Higgs doublet

Double Seesaw (Neutrino Mass Generation)
• Interaction Lagrangian

−LLRDSM = LMD︸ ︷︷ ︸
Dirac mass term (νL − NR)

+ LMRS︸ ︷︷ ︸
Dirac mass term (NR − SL)

+ LMS︸︷︷︸
Majorana mass term

= −
∑
α,β

ναL[MD]αβNβR−
∑
α,β

SαL[MRS ]αβNβR−1
2

∑
α,β

Sc
αR[MS ]αβSβL+ h.c..

• After SSB, the complete 9×9 neutral fermion mass matrix in the flavor basis
of (νL, N c

R, SL):

MLRDSM =

 0 MD

MT
D 0

0
MRS

0 MT
RS MS


• Block diagonalization with the assumption |MD| ≪ |MRS | < |Ms|, gives

[1, 2]
DSS RESULTS

mν
∼= −MD

(
−MRSM−1

S MT
RS

)−1
MT

D

= MD

MT
RS

MS
MT

D

MRS
,

mN ≡ MR
∼= −MRSM−1

S MT
RS ,

mS
∼= MS .

Masses and Mixing
– Special choice, MDM−1

RS = kd

krs
I.[3, 4]

– Mass matrices relations, mν ,mN and mS

→mν = k2
d

k2
rs

mS and mN = −k2
d

1
mν

.

– Physical masses mi are related to the mass matrix mν in the flavor
basis as mν = UPMNSmdiag

ν UT
PMNS .

– UN = i U∗
ν ≡ i U∗

P MNS .

– US = Uν ≡ UP MNS .

mi = k2
d

mNj

= k2
d

k2
rs

mSk
, i, j, k = 1, 2, 3 . (1)

0νββ in LRSM Double Seesaw

1. If light Majorana neutrinos are the only contribution to the 0νββ transi-
tion, then we can express the half-life as,

1
T 0ν

1/2
=

[
T 0ν

1/2

]−1
= g4

A G0ν
01 |M0ν

ν

∣∣2 |ην |2 = G0ν
01

∣∣∣∣M0ν
ν

me

∣∣∣∣2

|mββ |2

• mββ ≡ mν
ee ≡ meην =

∣∣∣∑3
i=1 U2

eimi

∣∣∣
The lepton Lagrangian that is relevant for the dominant contributions to 0νββ
decay rate is:

Lℓ,mass
CC = gL√

2

[
e L γµ{Vνν

e i νi} W µ
L

]
+ h.c.

+ gR√
2

[
eRγµ{VN N

ej Nj + VNS
ek Sk}W µ

R

]
+ h.c. (2)

|meff
ββ,L,R| ≡ mν+|N+S|

ee =
(∣∣mν

ββ,L

∣∣2 +
∣∣mN

ββ,R + mS
ββ,R

∣∣2
) 1

2
(3)

• Left-panel: Standard Mechanism

• Middle-panel: New physics without interference

• Right-panel: New physics with interference
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Plots showing effective Majorana mass parameter as a function of lightest neutrino mass, m1 (NO), m3 (IO).

• We find, in general, that in both NO and IO cases the new non-standard
contributions due to Nj and Sk exchange are dominant over the standard
light neutrino exchange contribution at values of the lightest neutrino mass
m1(3) ∼ (10−4 − 10−2) eV.

• The effective Majorana mass |mS
ββ,R| associated with Sk exchange contri-

bution was shown to be practically independent of the Majorana phases α
and β, while that due to exchange of Nj , |mN

ββ,R|, exhibits strong depen-
dence on α and β similar to |mν

ee|.


