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Figure 5: (Color online) (a) Decomposition of the total NMEs from the fi-

nal GCM PNAMP (PC-PK1) calculation; (b) the total NMEs calculated with

either only spherical configuration or full configurations, in comparison with

those of GCM PNAMP (D1S) from Ref. [34]. The shaded area indicates the

uncertainty of the SRC e ect within 10%. See text for more details.

the tensor terms were neglected. These two e ects can bring a

di erence up to 15% in the NMEs. By taking into account

this point, one can draw the conclusion from Fig. 5(b) that these

two calculations give consistent results for the total NMEs for

all the candidate nuclei with the exception of 150Nd.

Moreover, we note that in the calculation with pure spher-

ical configuration, PNP increases significantly the NMEs for

the 0 -decay evolved with one (semi)magic nucleus, includ-

ing 48Ca (127%), 116Cd (49%), 124Sn (55%), and 136Xe (58%),
where pairing collapse occurs in either protons or neutrons. The

increase in the NMEs by the PNP is mainly through the su-

perfluid partner nucleus. For
48Ca, pairing collapse is found

in both neutrons and protons, leading to about twice enhanced

normalized NME than the other three ones. It can be under-

stood from Eq.(6) that the F 0 ˆ0 P̂J 0P̂NI P̂ZI
I 0 for

48Ca-Ti does not change by the PNP, while the normalization

factor F for the daughter nucleus
48Ti is increased, resulting in

the enhanced normalized NME. The comparison of the results

of “Sph PNP (PC-PK1)” and “Sph PNP (D1S)” in Fig. 5(b)
shows a large discrepancy in

100Mo-Ru and 150Nd-Sm. This

discrepancy could be attributed to di erent pairing properties.

However, after taking into account the static and dynamic de-

formation e ects, which turn out to decrease the NME signif-

icantly, the discrepancy in
100Mo-Ru is much reduced, while

that in
150Nd-Sm remains and is mainly attributed to the di er-

ence in the overlap between the initial and final collective wave

functions, as already discussed in Ref. [37].

Figure 6 displays our final NMEs for the 0 -decay in

comparison with those by the ISM [23], renormalized QRPA

(RQRPA) [30], PHFB [33], NREDF (D1S) [34], and the

IBM2 [32]. There are also other calculations that are not taken

Figure 6: (Color online) Comparison of the NME M0 for the 0 -decay from

di erent model calculations. The shaded area indicates the uncertainty of the

SRC e ect within 10%. The adopted values are available on the web site [52].

Table 2: The upper limits of the e ective neutrino mass m (eV) based on the

NMEs from the present GCM PNAMP (PC-PK1) calculation, the lower limits

of the half-life T 0

1 2
( 1024 yr) for the 0 -decay from most recent measure-

ments [56, 10, 57, 58, 8, 9, 59] and the phase-space factor G0 ( 10 15 yr
1)

from Ref. [14].
48Ca

76Ge
82Se

100Mo 130Te
136Xe

150Nd

m 2.92 0.20 1.00 0.38 0.33 0.11 1.76

T 0

1 2
0.058 30 0.36 1.1 2.8 34 0.018

G0 24.81 2.363 10.16 15.92 14.22 14.58 60.03

for comparison. Here, only the calculations considering the

SRC e ect with the UCOM (except for the IBM2 calculation

with the coupled-cluster model (CCM)) and using the radius

parameter R 1 2A1 3 fm are adopted for comparison. Our

results are amongst the largest values of the existing calcula-

tions in most cases, except for
100Mo-Ru,

124Sn-Te and 130Te-

Xe. Moreover, the NME for
96Zr in both EDF-based calcu-

lations is significantly larger than the other results, which can

be traced back to the overestimated collectivity. If the ground

state of 96Zr was taken as the pure spherical configuration, the

NME becomes 5.64 (PC-PK1) and 3.94 (D1S), respectively.

We note that the consideration of higher-order deformation in

nuclear wave functions, such as octupole deformation in
150Sm-

Nd [53, 54], and triaxiality in
76Ge-Se [50, 51] and 100Mo-

Ru [55], is expected to hinder the corresponding NMEs further

in the DFT calculation.

Table 2 lists the upper limits of the e ective neutrino mass

m based on the present calculated NMEs for the nuclei

whose lower limits of the half-life T 0

1 2
for the 0 -decay have

been recently measured [56, 10, 57, 58, 9, 59]. The smallest

value ( 0 11 eV) for the upper limit m is found based on the

combined results from KamLAND-Zen [9] and EXO-200 [8]

collaborations for the0 -decay half-life (T 0

1 2
3 4 1025 yr

at 90% confidence level) of 136Xe. This value is closest to but

still larger than the estimated value (20 50 meV based on the

inverted hierarchy for neutrino masses [19]) by a factor of 2 5.

Summary and outlook. In summary, we have reported a
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