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Background

Strong nuclear pairing in nuclei for neutron-neutron and proton-proton

Double beta (ββ) decay is originating from the mass staggering

Neutrinoless ββ-decay is possible if ν = ν̄ and mν 6= 0
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Background

The underlying mechanism with L-R symmetry

left-handed and right-handed neutrino mixing

SU(2)L and SU(2)R gauge boson mixing
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Trivial realization of neutrinoless double beta decay with L-R symmetry
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Background

M. Doi et. al. Prog. Theo. Phys. Suppl. 83,1(1985)

The general decay width of this decay can be written as following the
S-matrix theory:

dΓ = 2π
∑
spin

|R|2δ(ε1 + ε2 + Ef −Mi )
d~p1

(2π)3
d~p2

(2π)3
(1)

Here the R-matrix can be written as follows for a general L-R
symmetry model

R =
1

2!
(
G√

2
)22

∑
j

∫
d~x

∫
d~y

∫
d~q

2ω(2π)3
e i~q·(~x−~y)

×
∑
a

[mj(J
ρσ
LLSLρσ + JρσRRSRρσ) + (JρσLRVLρσ + JρσRLVRρσ)] (2)
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The nuclear current has the form

JρσLL = 〈f |JρWL|a〉〈a|J
σ
WL|i〉 (3)

while the lepton current has the form

SLρσ(~x,~y; a) =
ψ̄(ε1,~x)γρ(1− γ5)γσψ

C (ε2,~y)

ω + Ea + (ε2 − ε1)/2

− ψ̄(ε2,~x)γρ(1− γ5)γσψ
C (ε1,~y)

ω + Ea + (ε1 − ε2)/2

VLρσ(~x,~y; a) =
qµψ̄(ε1,~x)γρ(1− γ5)γµγσψ

C (ε2,~y)

ω + Ea + (ε2 − ε1)/2

− qµψ̄(ε2,~x)γρ(1− γ5)γµγσψ
C (ε1,~y)

ω + Ea + (ε1 − ε2)/2

ψ(ε,~x) is Coulomb distorted electron wave function
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Background

For derivation of the final decay width, several assumptions are used:

long wavelength approximation: s-wave electrons dominance,· · ·
equal energy approximation: ε1 = ε2

With these approximations we could separate the nuclear part
(Nuclear Matrix Elements) and the lepton part (Phase Space Factor)

Γ0ν(0+ → 0+) = G 01(〈mν〉Ml + 〈ηN〉Mh)2 + 〈λ〉2(G 02M2
ω−

+ G 04M2
q−/9− 2G 03Mω−Mq−) + · · · (4)

〈mν〉=|
∑

j(Uej)
2mj |, 〈ηN〉=

∑
J

(UeJ)
2mp

MJ
,

〈λ〉=tan ξ
∑

j UejVej(g
′
V /gV ) are new physics

parameters
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Background

In above expression, the dominant part should that of neutrino mass
terms

Γ0ν = G 01(〈mν〉Ml + 〈ηN〉Mh)2 (5)

New calculations of phase space
factors using numerical elec-
tron wave functions (Kotila et
al. PRC85,034316(2012))
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Formalism

Calculation of the nuclear part (NME) depends on the nuclear structure
theory. Modern nuclear structure calculations face two obstacles:

many-body methods

exact Configuration Interaction approaches

approximate approaches with Configuration truncations: QRPA,
DFT, IBM, · · ·

nuclear force

ab initio:

phenomenological realistic forces

Chiral forces

Effective interactions:

Skyrme, Gogny, Relativistic mean fields,· · ·
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Formalism

We use the QRPA methods based on G-matrix with CD-Bonn potential

WS meanfield + pairing from G-matrix

G-matrix is also used for residual interactions

deformation of nuclei is taken into consideration

Pros:

QRPA is capable of dealing with intermediates states

Closure approximation is used for other approaches

Cons:

only one phonon excitations are considered

meanfield interactions and residual interactions are of different types
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Details of the calculations, the induced weak current:

JµWL = Ψ̄τ+[gV (q2)γµ − igM(q2)
σµν

2mN
− gA(q2)γµγ5 + gP(q2)qµγ5]Ψ (6)

Leads to:

Ml(h) = 〈HF ,l(h)(r) + HGT ,l(h)(r)σ1 · σ2 + HT ,l(h)(r)(σ1 ⊗ σ2)2 : (~r ⊗~r)2〉

here the most important part is the ”neutrino potential”:

Hi ,l(r) =
2

πg2
A

R

r

∫ ∞
0

sin(qr)

q + Ea
hi (q

2)dq

H i
i ,h(r) =

2

mpπg2
A

R

r

∫ ∞
0

sin(qr)hi (q
2)qdq

Short-range correlation functions are usually multiplied

f (r) = c(1− be−ar
2
) (7)
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Results

DLF et al. Phys. Rev. C97,045503(2018)

Uncertainties of the calculations

nuclear force, quenching of gA in nuclei, SRC
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Results

DLF et al. Phys. Rev. C97,045503(2018)

Deviations between different calculations are still large
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Results

DLF et al. Phys. Rev. C97,045503(2018)

In case of normal hierarchy, we may have other mechanism dominant
over light neutrino mass mechanism, i.e. heavy neutrino mass

SRC becomes more important

Pion’s contributions may be important
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Conclusion

Neutrinoless double beta decay is very good probe for new physics
beyond Standard Model

Calculations of NME is important for the determinations of new
physics parameters

NMEs from various nuclear many-body approaches don’t converge at
present

We need to understand the underlying mechanisms of this rare process
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END

Thank You
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