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Summary
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Here C
(0)
ab include NME and phase space integral.

| < λ > | ≤ 5.7× 10−7

| < η > | ≤ 5.7× 10−7/ tanβ.

In 0+ → 0+ transition, < η > mechanism may dominate 0νββ.
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R-handed current in L-R symmetric

HW =
GF cos θc√

2

[
jµLJ̃

†
Lµ + jµRJ̃

†
Rµ

]
+H.c.

L and R-handed leptonic currents

jLα =
∑

l=e,µ,τ

l(x)γα(1− γ5)νlL(x) ≡
∑

l(x)γα2PLνlL(x),

jRα =
∑

l=e,µ,τ

l(x)γα(1 + γ5)NlR(x) ≡
∑

l(x)γα2PRNlR(x),

νlL(NlR) are L-handed (R-handed) weak eigenstates of the neutrinos

Hadronic Currents:

J̃µ
L(x) = Jµ

L(x) + κJµ
R(x),

J̃µ
R(x) = ηJµ

L(x) + λJµ
R(x).
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Diagrams of 0νββ decay

(a) (b) (c)

(a), (b), and (c) are < mν >, < λ >, and < η >-mechanisms, respectively.

The half life T1/2 in this case (Takasugi85, Simkovic2010, Engel2017, Pantis92, Suhonen98) is
given as
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Here C
(0)
ab include NME and phase space integral.
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λ and η are related to the mass eigenvalues of the weak bosons in the L and R− handed gauge
sectors.

λ ≡
M2

W1 +M2
W2 tan

2 ζ

M2
W1 tan

2 ζ +M2
W2

,

η ≡ −
(M2

W2 −M2
W1) tan ζ

M2
W1 tan

2 ζ +M2
W2

,

tan 2ζ =
2vuvd

v2R − v2L
≈

2vuvd

v2R
=

2

tanβ

(
MWL
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)2
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Inverse seesaw

Mν =
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D 0

MD 0 MT
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mlight =MT
DM

−1µ(MT )−1MD

U =

 U X
V Y
W Z

 ,

< λ > =
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UeiV

∗
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∗
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,

< η > =

(
UeiV

∗
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∗
ei
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)
(− tan ζ).

| < λ > | ≤ 5.7× 10−7

| < η > | ≤ 5.7× 10−7/ tanβ.
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Nuclear matrix elements and role of < η > mechanism

R0ν = 4

√
1

2

(
G cos θc√

2

)2∑
i

∑
α,β

∫
dxdy

∫
dk

(2π)3
eik·(y−x)HνµLνµ,

the lepton tensor Lνµ

Lνµ = ep2,s′2
(y)γνPβ

1

2ω

[
ωγ0 − k · γ +mi

ω +A1
+

−ωγ0 − k · γ +mi

ω +A2

]
Pαγµe

c
p1,s

′
1
(x).

The nuclear tensor Hνµ

Hνµ = ⟨F |J̃ν+
βi (y)J̃µ+

αi (x)|I⟩ ,
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0+ → 0+ transition

R0ν = 4

√
1

2

(
G cos θc√

2

)2∑
i

∑
α,β

∫
dxdy

∫
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(2π)3
eik·(y−x) 1

2ω

[
1

ω +A1
+

1

ω +A2

]
ep2,s′2

(y)O(x,y)ecp1,s′1
(x),

O(x,y) = −⟨F |/̃J†
R(y)k · γPL

/̃J
†
L(x) + /̃J

†
L(y)k · γPR

/̃J
†
R(x)|I⟩ .

Non-relativistic limit:

JµL = (gV τ, − gAστ + i
gV + gM

2M
σ × qτ)

JµR = (gV τ, + gAστ + i
gV + gM

2M
σ × qτ)
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O(x,y) = ⟨F | < λ > ( /V
†
(y)k · γ /A

†
(x)− /A

†
(y)k · γ /V

†
(x))γ5

+ < η > ( /V
†
(y)k · γ /A

†
(x) + /A

†
(y)k · γ /V

†
(x)) |I⟩

= ⟨F | < λ > (k × µ(y) · k ×A(x)− k ×A(y) · k × µ(x))(−γ0)

+ < η > (k × µ(y) · k ×A(x) + k ×A(y) · k × µ(x))(γ5γ0) |I⟩ .

A(x) =

A∑
i

gA(k
2)τ+i σiδ(x− ri),

µ(x) =

A∑
i

gV (k
2) + gM (k2)

2M
τ+i σiδ(x− ri).
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0 0.05 0.1 0.15 0.2

Allowed region of < η > and < mν > for 136Xe. a,b,c are evaluated using
C’s of Refs. muto89, suhonen91, and Pantis96 (model without p-n
pairing), respectively.
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48Ca 76Ge 82Se 96Zr 100Mo 116Cs 128Te 130Te
Rmν

A 0.75 0.51 1.2 3.0 0.47 0.39 0.095 2.1
Rη

A 0.082 0.40 0.19 0.83 0.36 0.064 0.10 2.0
RA = Rη

A/R
mν
A 0.11 0.77 0.15 0.28 0.76 0.16 1.1 0.94

Ratio of decay rate Rα
A evaluated using C’s of Pantis et.al.
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