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Motivation

• Neutrinoless double beta decay has key 
importance on understanding the nature of 
neutrino

• Accurate calculations of nuclear matrix 
elements for these process are crucial

larger than the third mass. The neutrinos are
Majorana.

In addition, since the absolute mass scale is unknown, it
is possible that the differences between the three mass
eigenvalues are small compared to the masses them-
selves. In this arrangement the neutrinos are referred to
as quasidegenerate or sometimes simply as degenerate.
In the normal hierarchy, the state corresponding to the
largest mass contributes with a small mixing angle.
Hence if the mass of the lightest state mlightest is small,
!m!!" is also small. By contrast, in the inverted hierar-
chy, the heavier neutrinos are large contributors to
!m!!".

Modern !! research is exciting in part because if na-
ture has selected possibility iv, we should be able to see
!!#0"$ with the next generation of experiments. By the
same token, null experiments would rule it out, and
could restrict the parameter space available for possibil-
ity iii. And if some very sensitive experiment ever saw a
very small !m!!", it would demonstrate that possibility iii
is nature’s choice. Actually certifying that possibility iv is
the choice is a trickier matter, though. To see this, we
show in Fig. 4 the dependence of !m!!" on mlightest. To
make this plot we used the best fit values of the mixing
angles ##sol=33.9°, #atm=45°, and #13=0°$ and the $m2’s
#Table I$. The figure shows, as expected, that !m!!" is
larger in the inverted hierarchy than in the normal one.
#The plot shows regions rather than lines due to the un-
known Majorana phases.$ But because there is no way
of measuring mlightest, !!#0"$ will not be able to distin-
guish the inverted hierarchy from the quasidegenerate
arrangements. #Although in principle it is possible to di-
rectly measure mlightest in a beta decay experiment with
ideal energy resolution, in practice it is not feasible.$ A
large !m!!" will still not tell us for sure which eigenstate

is the lightest. And we also will not know for sure that
other TeV-scale physics is not responsible for the decay.

Other measurements can help, however. Unlike
!!#0"$, the rate of which reflects the coherent exchange
of virtual neutrinos, beta decay involves the emission of
real neutrinos, whose mass can alter the beta particle
spectrum. The corresponding effective beta decay mass
!m!" reflects the incoherent sum of the mass terms:

!m!"2 = %
j

mj
2&Uej&2 = m1

2&Ue1&2 + m2
2&Ue2&2 + m3

2&Ue3&2.

#44$

In a beta decay experiment this quantity would approxi-
mate the difference between the end point of the elec-
tron spectrum and the Q value. The approximation is
valid as long as the energy resolution is too poor to sepa-
rate individual end points due to each of the mi. For all
presently planned beta decay experiments, that is the
case.

Equations #22$ and #44$ depend differently on the
mixing angles, phases, and mass eigenvalues. If beta de-
cay experiments find !m!", !!#0"$ measures !m!!", and
M0" ever get accurate enough, they could help constrain
the Majorana phases discussed below. If !m!" yielded a
result that was inconsistent with the two known $m2’s
and a measured !m!!", it could demonstrate that new
physics, either in the form of new particles exchanged in
!!#0"$ decay or sterile neutrinos that mix with the three
active neutrinos, is at play.

We should note that the neutrino contribution to the
mass density #%"$ of the Universe #Hannested, 2003$
constrains a third combination of the neutrino masses:

%"h2 =
&

92.5 eV
, #45$

where

& = %
j

mj = m1 + m2 + m3. #46$

Since no experiment measures the mass eigenstates di-
rectly, effective neutrino mass measurements, coupled
with the oscillation measurements, are all required to
determine a complete set of the parameters describing
neutrinos.

B. The Majorana phases

The elements of the mixing matrix may contain many
phases, but only a small number have any physical con-
sequence. In a 3'3 mixing matrix describing Dirac neu-
trinos, all but one phase #the so-called Dirac phase ($
can be absorbed into a redefinition of the neutrino and
antineutrino fields. If neutrinos are Majorana, the
phases of each neutrino and antineutrino pair are corre-
lated and fewer phases can be eliminated in this way. For
the 3'3 case, two additional phases 'the Majorana
phases )1, )2 of Eq. #18$( are allowed. Any of these
phases can result in CP violation if its value differs from

ββ

FIG. 4. #Color online$ The effective Majorana mass !m!!" as a
function of the mass of the lightest neutrino mlightest. In making
the plot, we have used the best fit values for the parameters in
Table I. The filled areas represent the range possible because
of the Majorana phases and are irreducible. If one incorpo-
rates the uncertainties in the mixing parameters, the regions
widen. See Bilenky et al. #2004$ for an example of how the
mixing parameter uncertainty affects the regions.
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Methods

• Methods for NME calculations

• Shell Model(Configuration-Interactions)

• limited nuclei

• QRPA

• most nuclei but accuracy limited

• PHBF, IBM, GCM etc.
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Running Sum

• Controversy over the hypothesis of Single-
State-Dominance (SSD) or Lowlying-State-
Dominance (LSD) for 2νββ decay

• With the validation of SSD or LSD, the 
Configuration-Interaction may set the limit 
over the Matrix elements

Erice 2013
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• Negative results for SSD or LSD J. Phys. G: Nucl. Part. Phys. 36 (2009) 015106 O Moreno et al
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Figure 2. Same as in figure 1, but for the transition 116Cd → 116Sn.

with the experimental matrix element extracted from the measured 2νββ half-life. We compare
our results with the values extracted from the measured log f t and charge–exchange reactions
to check the validity of the SSD hypothesis graphically. We also show the total theoretical
value when all the intermediate 1+ states are considered in the calculation (also see figure 6).
As can be seen in the lower panel, a rapid increase in the 2νββ decay matrix element takes
place up to 2 MeV of intermediate excitation energy. It accounts for about 60% of the total
matrix element. Eventually (see figure 6), the calculations reach the experiment when one
considers the whole energy range. From the single-beta strengths, one can see that there are no
especially strong transitions to any low-energy intermediate state (in particular, to the ground
state), which prevents the 2νββ matrix element from showing the same effect.

Summarizing, in the 2νββ decay of 100Mo, the SSD hypothesis is fulfilled experimentally
within 90%. The total theoretical 2νββ matrix element agrees well with experiment, while
LLSD calculations up to 2 MeV account for 60% of the experimental 2νββ matrix element.
The remaining 40% comes from contributions of states at higher excitation energy.

The same results are shown for the transitions 116Cd → 116In (upper panel), 116Sn → 116In
(middle panel) and 116Cd → 116Sn (lower panel) in figure 2. In the upper panel we show
experimental data for B(GT−) from (3He, t), together with the data at zero excitation energy
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to check the validity of the SSD hypothesis graphically. We also show the total theoretical
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place up to 2 MeV of intermediate excitation energy. It accounts for about 60% of the total
matrix element. Eventually (see figure 6), the calculations reach the experiment when one
considers the whole energy range. From the single-beta strengths, one can see that there are no
especially strong transitions to any low-energy intermediate state (in particular, to the ground
state), which prevents the 2νββ matrix element from showing the same effect.

Summarizing, in the 2νββ decay of 100Mo, the SSD hypothesis is fulfilled experimentally
within 90%. The total theoretical 2νββ matrix element agrees well with experiment, while
LLSD calculations up to 2 MeV account for 60% of the experimental 2νββ matrix element.
The remaining 40% comes from contributions of states at higher excitation energy.

The same results are shown for the transitions 116Cd → 116In (upper panel), 116Sn → 116In
(middle panel) and 116Cd → 116Sn (lower panel) in figure 2. In the upper panel we show
experimental data for B(GT−) from (3He, t), together with the data at zero excitation energy
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Figure 6. Double-beta decay matrix elements as a function of the intermediate nucleus excitation
energy considered in the calculation. An experimental range is given by a shadow area where the
upper and lower limits are deduced from the experimental half-lives [33], using gA = 1.00 and
gA = 1.25, respectively. Dashed lines in A = 48 and A = 76 correspond to calculations with an
alternative choice of deformation (see text).

value of the 2νββ decay matrix element lies within the experimental region in most cases.
Important deviations are only found for the nuclei with A = 130 and 136. In the cases of
A = 48 and A = 76, as already mentioned, the prolate shapes of the daughter nuclei give
a better result than the spherical shapes. Concerning the low energy contributions to the
matrix element, the fastest increase appears in the double-beta partners with A = 48, 96,
100 and 116, where around 60% of the total matrix element is reached within an excitation
energy range of 2 MeV, and to a lesser extent the A = 150 case. In the other double-beta
partners, the contributions to the matrix element are more spread and the increase is slower.
In general, important contributions appear from relatively high energies around the position of
the GT resonance. Thus, although neither SSD nor LLSD hypothesis is clearly fulfilled in our
theoretical results, one can see a tendency in most cases to exhaust at least 50% of the total
2νββ matrix elements in a low excitation energy region of 5 MeV. The only salient exceptions
to this rule are the cases of A = 82, 130 and 136.
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Running Sum

• Positive results for LSD or SSD

3

these quenched gpp. For the realistic, unquenched, gpp = g0pp (κ = κ0), a substantial overshoot of the total M2ν
GT at

low excitation energies is compensated by a negative contribution coming from the region of the GTR at ω ≈10 MeV.
The absence of such a pronounced overshoot in the case of 150Nd→150Sm 2νββ beta decay calculated with set I of
the deformation parameters β2 can again be attributed to a substantially smaller fitted value of g0pp (κ0) in this case,
see Table I. In this case the difference in β2 between the initial and the final nucleus is large, and this leads to a large
overall suppression of the calculated M2ν

GT by a small BCS overlap factor [14].
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FIG. 1: (Color online) Running sums M2ν
GT (ω) for 76Ge→76Se 2νββ decay, for different choices of deformation and strength

parameters. The solid black line represents the QRPA results obtained with a realistic residual interaction (G matrix from the
Bonn CD force), while the dashed (blue) line corresponds to the calculation with a schematic separable force. The left and
right panels correspond to different deformations of the initial and final nuclei in the calculation. Each panel consists of four
sub-panels forming 2× 2 matrix, whose columns are marked by the strength of gpp (or κ) taken in the calculation [the full or
a half of the fitted value g0pp (κ0) given in Table I] and whose rows are labeled by the strength of gph (or χ) in the calculation.

We have calculated the 2νββ-decay running sums for 76Ge and 150Nd nuclei within the QRPA approach of Ref. [14]
which takes nuclear deformation into account and implements a realistic nucleon-nucleon residual interaction based on
the Brueckner G matrix (for the Bonn CD force). We have studied the influence of different QRPA model parameters
on the functional behavior of the running sums within the QRPA approach. It has been found that the parameter
gpp renormalizing the G matrix in the particle-particle channel is responsible for a qualitative change in behavior of
the running sums. Therefore, a different choice of the gpp parameter in different QRPA calculations may lead to a
different, constructive or destructive, contribution to the total 2νββ-decay matrix element coming from high-lying 1+

states. For realistic values of gpp a significant negative contribution to the total 2νββ-decay matrix element is found
in the present calculation to come from the energy region of the giant GT resonance. This observation is in accord
with other results [2, 9–12]. The values of gpp adopted in Ref. [13] are apparently smaller than those in the present
calculations, and this may be a reason for the different functional behavior of the running sums calculated in Ref. [13].
Thus, a realistic value of gpp should be chosen thoroughly within a QRPA approach to draw a conclusion regarding
the validity of the SSD.
The authors acknowledge the support of the Deutsche Forschungsgemeinschaft under both SFB TR27 ”Neutrinos
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V.A. Rodin, and M. Stauf, Phys. Rev. C 79, 055501 (2009).

[3] A.S. Barabash, Czech. J. Phys. 50, 437 (2006).
[4] A. Faessler, G. L. Fogli, E. Lisi, V. Rodin, A. M. Rotunno and F. Simkovic, J. Phys. G 35, 075104 (2008).

4

0

0.5

1

M
2ν

G
T (M

eV
-1

)

0 10 20
ω (MeV)

0

0.5

1

M
ν G

T (M
eV

-1
)

0 10 20
ω (MeV)

150Nd(β2=0) -->150Sm(β2=0)

g0 ph
g0 ph

/2

g0
pp/2 g0

pp

0

0.1

0.2

M
2ν

G
T (M

eV
-1

)

150Nd(β2=0.37) -->150Sm(β2=0.23)

0 10 20
ω (MeV)

0

0.1

0.2

M
2ν

G
T (M

eV
-1

)

0 10 20
ω (MeV)

g0
pp/2 g0

pp

g0 ph
g0 ph

/2

0

0.5

1

M
2ν

G
T (M

eV
-1

)

0 10 20
ω (MeV)

0

0.5

1

M
2ν

G
T (M

eV
-1

)

0 10 20
ω (MeV)

150Nd(β2=0.24) -->150Sm(β2=0.21)
g0

pp/2 g0
pp

g0 ph
/2

g0 ph

FIG. 2: (Color online) The same as in Fig. 1, but for 150Nd→150Sm 2νββ decay.

[5] R. Madey, B.S. Flanders, B.D. Anderson, A.R. Baldwin, J.W. Watson, S.M. Austin, C.C. Foster, H.V. Klapdor and K.
Grotz, Phys. Rev. C 40, 540 (1989).

[6] H. Akimune, H. Ejiri, M. Fujiwara, I. Daito, T. Inomata,R. Hazama, A. Tamii, H. Toyokawa, M. Yosoi, Phys. Lett. B 394,
23 (1997).

[7] S. Rakers et al., Phys. Rev. C 70, 054302 (2004); S. Rakers et al., Phys. Rev. C 71, 054313 (2005); D. Frekers, Prog. Part.
Nucl. Phys. 57, 217 (2006); E. W. Grewe et al., Phys. Rev. C 76, 054307 (2007); E. W. Grewe et al., Phys. Rev. C 78,
044301 (2008); H. Dohmann et al., Phys. Rev. C 78, 041602 (2008).

[8] K. Yako et al., Phys. Rev. Lett. 103, 012503 (2009).
[9] L. Zhao, B. A. Brown and W. A. Richter, Phys. Rev. C 42, 1120 (1990).

[10] M. Horoi, S. Stoica and B. A. Brown, Phys. Rev. C 75, 034303 (2007)
[11] H. Nakada, T. Sebe and K. Muto, Nucl. Phys. A 607, 235 (1996)
[12] E. Caurier, G. Martinez-Pinedo, F. Nowacki, A. Poves and A. P. Zuker, Rev. Mod. Phys. 77, 427 (2005)
[13] O. Moreno, R. Alvarez-Rodriguez, P. Sarriguren, E. Moya de Guerra, F. Simkovic and A. Faessler, J. Phys. G 36, 015106

(2009)
[14] M. S. Yousef, V. Rodin, A. Faessler and F. Šimkovic, Phys. Rev. C 79, 014314 (2009)
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Parameters

• The normal procedure of choosing 
parameters (QRPA with realistic forces)

• gph (the position of GTR)

• gpp (The 2νββ matrix element)

• gA (Experimental quenching if available)
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Parameters

• the decay scheme for intermediate states
RAPID COMMUNICATIONS

C. WREDE et al. PHYSICAL REVIEW C 87, 031303(R) (2013)

There is only one measurement of B(GT) = 0.47 ± 0.13
from EC on 116In [7]. This value was derived from the
average of a pair of experiments by Bhattacharya et al. that
yielded (1.94 ± 1.04) × 10−4 and (2.46 ± 0.80) × 10−4 for
the EC branch on 116In, neither of which were statistically
definitive (5σ ) detections. These values for the EC branch
were determined by normalizing to the 1294-keV 116In
β-delayed γ -ray intensity from Ref. [19] rather than the one
from Ref. [20]. Using the latter would increase B(GT) by a
factor of 2.24, and this makes the B(GT) value from Ref. [7]
questionable [21].

Evidently, issues with the B(GT) value for the 116Cd to
116In transition preclude its use as a meaningful benchmark
for models that are used to calculate 0νββ matrix elements.
We present here a more precise measurement of the EC branch
of 116In that takes advantage of state-of-the-art Penning-trap
purification techniques to deliver exclusively 116In states and
employs a complementary normalization technique using β
particles.

We measured the 116In EC branch at the Ion Guide Isotope
Separator On-Line (IGISOL) Facility of the University of
Jyväskylä in Jyväskylä, Finland. 116In (t1/2 = 14.10 ± 0.03 s
[22]) was produced by the 115In(d, p) reaction using a primary
deuteron beam of 7.6 MeV and 10 µA provided by the
K130 cyclotron that impinged on a 1 mg/cm2 natural In target
evaporated on a 2 mg/cm2 Ni backing. The reaction products
were slowed down and thermalized with helium gas. Ions
were extracted from the gas cell and transported through an rf
sextupole guide, while the He gas was differentially pumped
away. The ions were then accelerated using an electrostatic
potential of ≈30 kV. After coarse isobaric separation using
magnetic analysis, the ions were bunched in a linear segmented
rf quadrupole trap [23] and injected into the JYFLTRAP
Penning trap [24,25], which provided a mass resolving power
of 25,000. This combination of instrumentation was used to
select 116In in a highly efficient manner while eliminating the
coproduced radioactivities in the beam.

116In ions were extracted from JYFLTRAP and delivered
as a 30-keV ion beam to a counting station (Fig. 1) consisting
of a planar, high-purity Ge detector of γ and x rays and a 4π
scintillator block that was optically coupled to photomultipli-
ers on opposite faces to discriminate β decay events [9,26].
Samples of 116In were implanted into a thin Al foil located
at the end of a cylindrical void inside the scintillator. 3 mm

Beam

Collimator

2 inches

Germanium
Detector

Scintillator
Block

Implantation Foil

PMT

PMT

FIG. 1. (Color online) Schematic of detection apparatus.
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FIG. 2. (Color online) Simplified decay scheme of the A = 116
double-β decay system focusing on branches most relevant to the
present work. The energy scale for 116In is magnified.

of active scintillator separated the foil from the Ge detector’s
casing, which abutted the scintillator.

Measurements were carried out in 60-s cycles that com-
prised runs of 1–2 h. During each cycle, 116In and its 2.2-s
and 54-min isomers (Fig. 2) were delivered to the counting
station for 30 s and then blocked upstream for the next 30 s
while counting was performed. In addition, measurements
were taken using extended counting times to investigate the
54-min isomer. Room background was measured off line.

The EC branch BR(EC) of 116In can be determined using
Cd atomic K-shell x rays via

BR(EC) =
NCd

x ε
g
β

P Cd
x εCd

x N
g
β

, (1)

where P Cd
x is the probability of producing a Cd Kα x ray per

EC decay of the 116In ground state (g.s.). NCd
x is the number of

those Cd Kα x rays detected in the Ge detector (over the time
interval 9 ! t ! 30 s, where t is the time after the beginning of
the relevant 30-s decay period), and εCd

x is the corresponding
detection efficiency. Ng

β is the number of β decays of the 116In
g.s. to 116Sn detected in the scintillator over the same time
interval and ε

g
β is the corresponding detection efficiency. The

β decay of the 54-min isomer can be described using similar
notation,

NSn
x

P Sn
x εSn

x
=

Nm
β

εm
β

. (2)

We used Eq. (2) in combination with Eq. (1) to obtain a
ratio with minimal sensitivity to systematic uncertainties:

BR(EC) = P Sn
x

P Cd
x

NCd
x

NSn
x

εSn
x

εCd
x

Nm
β

N
g
β

ε
g
β

εm
β

. (3)

Fitting of the x-ray spectra was complicated by the presence
of a low-energy shoulder to each full-energy peak produced
by the scattering of x rays prior to their interaction with the
active volume of the Ge detector. In order to understand the
x-ray spectra in sufficient detail to search for the weak Cd
x-ray peak, we deconvoluted the effective response of the
detection system. The x-ray spectrum measured in coincidence
with scintillator signals, or “calibration spectrum,” (Fig. 3, top

031303-2

Erice 2013



Parameters

• Combination of gA and gpp to connect 
matrix elements of β-/EC and ββ when all 
are experimentally available 

• I. The same  gA and gpp to reproduce the matrix element 
of β-/EC and ββ

• II. gpp being the same for β-/EC and ββ, but different gA

• III. gA the same for the β-/EC and ββ, but different gpp

A. Faessler et al JPG 35,075104(2008)

J. Suhonen et al PLB725,153(2013)
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Parameters

• Are these choices arbitrary?

• We should be aware of the fact that QRPA is 
kind of approximation

• Shell Model as exact soultion on the other hand 
with proper Hamiltonian could give us some 
hints

• However, Shell Model is not available for most 
ββ isotopes currently except 48Ca

Erice 2013



Results

• Running sum for 48Ca

L. Zhao et al. PRC47,2461(1993)
M. Horoi et al. PRC75,034303(2007)Erice 2013



Results

• Running sum for 48Ca

gAβgAEC/(gASM)2~0.77
L. Zhao et al. PRC47,2461(1993)

M. Horoi et al. PRC75,034303(2007)Erice 2013



Results

• Running sum for 48Ca

gAβgAEC/(gASM)2~0.77

(gAββ)2/(gASM)2~0.90

L. Zhao et al. PRC47,2461(1993)
M. Horoi et al. PRC75,034303(2007)Erice 2013



Results

• Running sum for 48Ca

L. Zhao et al. PRC47,2461(1993)
M. Horoi et al. PRC75,034303(2007)Erice 2013



Results

• Different quenching for β- and EC indicated 
by Shell Model calculations

gA/gASM=0.91

gA/gASM=0.57
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Results

• Has it anything to do with QRPA 
calculations?
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Results

• What have we learnt from Shell Model 
study

• effective quenching arising from the fact that QRPA or 
TDA are approximations to Shell Model

• experimental quenching which still is a puzzle should be 
accounted 

• these two quenching mechanisms should be distinguished

• gpp should be the same or very similar for the grandparent 
and granddaughter nuclei

Erice 2013
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Results

• Results concerning the matrix elements for 
116Cd ββ process

Process Res. Ref.
(3He,t) B(GT-)1 0.03 Akimune et al PLB394,23(1997)

(p,n) B(GT-)2 0.26 Sasano et al NPA778,76c(2007)

logft (EC) B(GT-)3 0.39 Bhattacharya et al PRC58,1247(1998)

logft (EC) B(GT-)4 0.402 Wrede et al PRC87,031303(2013)

logft (β-) B(GT+)1 0.25 Blachot NDS92,455(2001)

M2νββ 0.128 Barabash PRC81,035501(2010)
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Results

• The SSD hypothesis tested from above data

(-,+) M2ν (SSD) Μ(SSD)/Μ(Exp)

1,1 0.046 0.36

2,1 0.136 1.06

3,1 0.167 1.30

4,1 0.170 1.33

Erice 2013
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• Running Sum for 2νββ decay of 116Cd
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Results

• B(GT) for 116CdJ. Phys. G: Nucl. Part. Phys. 36 (2009) 015106 O Moreno et al
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Figure 2. Same as in figure 1, but for the transition 116Cd → 116Sn.

with the experimental matrix element extracted from the measured 2νββ half-life. We compare
our results with the values extracted from the measured log f t and charge–exchange reactions
to check the validity of the SSD hypothesis graphically. We also show the total theoretical
value when all the intermediate 1+ states are considered in the calculation (also see figure 6).
As can be seen in the lower panel, a rapid increase in the 2νββ decay matrix element takes
place up to 2 MeV of intermediate excitation energy. It accounts for about 60% of the total
matrix element. Eventually (see figure 6), the calculations reach the experiment when one
considers the whole energy range. From the single-beta strengths, one can see that there are no
especially strong transitions to any low-energy intermediate state (in particular, to the ground
state), which prevents the 2νββ matrix element from showing the same effect.

Summarizing, in the 2νββ decay of 100Mo, the SSD hypothesis is fulfilled experimentally
within 90%. The total theoretical 2νββ matrix element agrees well with experiment, while
LLSD calculations up to 2 MeV account for 60% of the experimental 2νββ matrix element.
The remaining 40% comes from contributions of states at higher excitation energy.

The same results are shown for the transitions 116Cd → 116In (upper panel), 116Sn → 116In
(middle panel) and 116Cd → 116Sn (lower panel) in figure 2. In the upper panel we show
experimental data for B(GT−) from (3He, t), together with the data at zero excitation energy
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matrix element. Eventually (see figure 6), the calculations reach the experiment when one
considers the whole energy range. From the single-beta strengths, one can see that there are no
especially strong transitions to any low-energy intermediate state (in particular, to the ground
state), which prevents the 2νββ matrix element from showing the same effect.

Summarizing, in the 2νββ decay of 100Mo, the SSD hypothesis is fulfilled experimentally
within 90%. The total theoretical 2νββ matrix element agrees well with experiment, while
LLSD calculations up to 2 MeV account for 60% of the experimental 2νββ matrix element.
The remaining 40% comes from contributions of states at higher excitation energy.

The same results are shown for the transitions 116Cd → 116In (upper panel), 116Sn → 116In
(middle panel) and 116Cd → 116Sn (lower panel) in figure 2. In the upper panel we show
experimental data for B(GT−) from (3He, t), together with the data at zero excitation energy
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Conclusion

• The origins of different gA‘s in β-/EC and 
ββ are clarified with the help of Shell 
Model

• The running sum of 116Cd for 2νββ is 
calculated with SSD or LSD observed

• The running sum of 0νββ will be checked 
in the near future  

Erice 2013



Thanks!


