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Introduction

The experimental observation of neutrino-
less double-β decay (0νββ) (Aββ , Z)→(Aββ ,Z-
2)+2e−, would establish that the neutrinos
are of Majornana nature [1]. This would pro-
vide the absolute mass of neutrinos and probe
the neutrinos mass hierarchy [2]. The exis-
tence of Majorana neutrino will itself be proof
that the lepton number is not a conserved
quantity [3] and this may help in understand-
ing the matter-antimatter asymmetry of the
universe [4].

The elucidation of results of 0νββ experi-
ments deal with the theoretical yields of ‘Nu-
clear matrix element’ (|M0ν |) and ‘Axial vec-
tor coupling constant’ (gA). Their calculation
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FIG. 1: Effective Majorana neutrino mass 〈mββ〉
as a function of the lightest neutrino mass
mlightest. The upper green band corresponds to
the IH and lower cyan to NH.
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depends upon different theoretical assump-
tions about the nuclear structure [5]. This
leads to the uncertainty in their values and
correspondingly they creates uncertainty in
the experimental results. The present wrok is
focussed on evaluating the uncertainty created
due to quenching effect of gA in the theoretical
model dependent nuclear medium.

Formulation
The half life (τ0ν1

2

) of 0νββ isotopes Aββ can

be expressed as [5]

[
τ0ν1

2

]−1

= G0ν g4A |M0ν |2
[
〈mββ〉2

m2
e

]
(1)

where, G0ν is the known phase space factor,
me is the mass of electron. Possible range of
gA is gAmin(0.6) ≤ gA ≤ gAmax(1.269) corre-
sponding to the theoretical models and for free
nucleon case, respectively [3]. Quantity 〈mββ〉
is the effective Majorana neutrino mass [6]

〈mββ〉 =
∣∣ j = 0,α,β∑
γ = 1,2,3

eij |Ueγ |2 mγ

∣∣ (2)

which depends on the neutrino masses (mi for
eigenstate νi), Majorana phases (α, β) and
PMNS mixing matrix (U) [2, 6]. Expansion of
Eq. 2 will give 〈mββ〉 in 0νββ as [6];

〈mββ〉 =
∣∣c212 c213 m1 + s212 c

2
13 m2 e

iα

+ s213 m3 e
i(β−2δ)

∣∣ (3)

it depends on sines (s) and cosines (c) of the
leptonic mixing angles θij , the mass eigenval-
ues (mi), Majorana Phases eiα = eiβ = ±1
and e−i2δ = 1 is the CP violating phase.
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FIG. 2: Sensitivity in Σ vs Λ space at the achieved
∆0 by GERDA. The contours of first B2ν , Na and
(B2ν + Na) backgrounds are also superimposed.

Measurement of the mass-squared
splitting (δm2

� = ∆m2
21 and ∆m2

atm =
1
2 |∆m2

31 + ∆m2
32|), allows Inverted (IH)

(m3<m1<m2) and Normal Hierarchy (NH)
(m1<m2<m3) [2] configurations for the
mass eigenstates. The allowed range in 1σ
region for 〈mββ〉 as a function of the lightest
neutrino mass is shown in Fig. 1. The current
bound on mlightest < 0.02 eV by Planck
Collaboration [7] and the best achieved upper
limit of 〈mββ〉 <0.12 eV by the GERDA
(GERmanium Detector Array) [8] have also
been superimposed.

As a case study, it is the 76Ge isotope
(GERDA experiment) have been selected. It
has achieved FWHM energy resolution ∆0 =
0.16% [1]. At ∆0 in FWHM Region of Interest
(ROI) around Qββ , the intrinsic two neutrino
double-β decay (A, Z)→(A,Z+2)+2e−+2ν̄e,
background count (B2ν) and rate Λ2ν (in unit
of counts per ton-year-keV (/tyk)) is calcu-
lated. For realistic case, we have assumed
flat ambient background rate (Λa) in ROI
such that the ambient background count Na

= ΛaΣ[∆0.Qββ ]. Therefore, the total back-
ground rate Λ = Λa + Λ2ν , is used in this
analysis. For statistical identification of 0νββ
events above background, we have chosen 3σ
discovery level with 50% probability [8].

With the aim to reach the median of mββ

of mass hierarchy, the required sensitivity in

terms of exposure (Σ) in unit of ton-year have
been calculated. Here, we have taken 100%
isotopic abundance, experimental efficiencies
and 0.761% ROIeff . To minimize the uncer-
tainty of |M0ν |, we have taken the average of
NME calculated from limit of mββ in Ref. [8].

Results and conclusion
The range of gA leads to the uncertainty

band in Σ (Fig. 2). Summary of the band
width is listed in Table I.

TABLE I: Uncertainty band width in Σ @3σP50
discovery level, due to gAmin and gAmax .

Λ IHmββAv. NHmββAv.

0.0 6.81 1.04×103

0.1 3.02×102 6.66×106

10.0 2.81×104 8.02×108

If the quenching of gA is minimum, then the
coming generation of experiments can cover
the IH. But, if it is maximally quenched then
it will be very difficult even to probe the IH.
Probing the NH is even severly affcted. This
indicates the necessity to minimize the theo-
retical uncertainty of gA.
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