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The double beta decay process can be observed due to nuclear pairing
interaction that favors energetically the even-even nuclei over the
odd-odd nuclei

The NMEs for 0νββ-decay must be evaluated
using tools of nuclear theory
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The 0νββ-decay NMEs
In double beta decay two neutrons bound in the ground state of an initial
even-even nucleus are simultaneously transformed into two protons that
are bound in the ground state or excited (0+, 2+) states of the final nucleus
It is necessary to evaluate, with a sufficient accuracy,
wave functions of both nuclei, and evaluate the matrix element of the
0νββ-decay operator connecting them
This can not be done exactly, some approximation and/or truncation
is always needed. Moreover, there is no other analogues observable
that can be used to judge the quality of the result.
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0νββ-decay NMEs:
Present status
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Nuclear many-body calculations
•

Model space

Start with the many-body Hamiltonian
r2
r r
pi
+ ∑VNN (ri − rj )
H =∑
i 2m
i< j

•

Introduce a mean-field U to yield basis
⎛ pr i2
⎞
r r
+ U (ri )⎟ + ∑VNN (ri − rj )− ∑U (ri )
H = ∑⎜
2m
⎠ i< j
i ⎝
i
Residual interaction

•
•

The mean field determines the shell structure
In effect, nuclear-structure calculations rely
on perturbation theory

The success of any nuclear structure calculation depends on
6/18/2010
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Nuclear structure approaches
In NSM (Madrid-Strassbourg group) a limited valence space is used but all
configurations of valence nucleons are included. Describes well properties of
low-lying nuclear states. Technically difficult, thus only few 0νββ-decay calculations
In QRPA (Tuebingen-Caltech-Bratislava and Jyvaskula-La Plata groups) a large
valence space is used, but only a class of configurations is included. Describe
collective states, but not details of dominantly few particle states. Relative simple,
thus more 0νββ−decay calculations
In IBM (Iachello, Barea) the low lying states of the nucleus are modeled in terms of
bosons. The bosons have either L=0 (s boson) or L=2 (d boson). The bosons can
interact through one and to body forces giving rise to bosonic wave functions.
In PHFB (India/Mexico groups) w.f. of good angular momentum are obtained by
making projection on the axially symmetric intrinsic HFB states. Nuclear
Hamiltonian contains only quadrupole interaction.
Differences: i) mean field; ii) residual interaction; iii) size of the model space
iv) many-body approximation
6/18/2010
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The 0νββ-decay NMEs (Status:2010)

Nobody is perfect: LSSM (small m.s., negative parity states)
PHFB (GT force neglected)
IBM (Hamiltonian truncated)
6/18/2010
Fedor Simkovic
(R)QRPA (g.s. correlations not accurate enough)

8

Constraining the mean field with
proton, neutron removing
transfer reaction

76Ge

→ 76Se

Schiffer et al., PRL 100, 112501 (2008)

Adjusted WS mean field

Reduction of NME within the SRQRPA
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Realistic
NN-interactions
used in
the QRPA
calculations

Brueckner
G-matrices
from Tuebingen
(H. Muether group)

Bethe-Goldstone
equation
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The value of the 0νββ-decay NME calculated
with consistent treatment of s.r.c. is increased
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Effect of nuclear deformation on 0νββ-decay
SNO+: about 56 kg of 150Nd => 0.1 eV
0νββ-decay of 150Nd in different models with half-lives for mββ=50 meV

[1] Rodin, Faesler, F.Š., Vogel, NPA 766 (2006), spherical QRPA
[2] Fang, Faessler, Rodin, F.Š., to be submitted, deformed QRPA
[3] Hirsch et al., NPA 582 (1995), pseudo SU(3) approach
[4] K. Chaturvedi et al, PRC 78 (2008), PHFB approach
[5] Barea and Iachello, PRC 79 (2009), IBM approach
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On the relation between
0νββ-decay and 2νββ-decay (GT) NMEs
F.Š., Vogel, Hodak, Faessler, to be submitted
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2νββ-decay NMEs
Why the spread of the
2νββ NMEs is large
and of the 0νββ NMEs
is small?
Are both type of NMEs
related?

Differencies
up to factor 10
6/18/2010 among 2νββ-decay NMEs:
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Why 2νββ of
136Xe has been
not observed yet?
Do this affect14the
value of 0νββ NME

The cross sections of (t,3He) and (d,2He) reactions
give B(GT±) for β+ and β−, product of the amplitudes
(B(GT)1/2) entering the numerator of M2νGT

Closure 2νββ-decay
NME

SSD hypothesis
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Going to relative coordinates:

A connection between closure
2νββ and 0νββ GT NMEs

r- relative distance
of two nucleons
Neutrino potential
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Neutrino potential prefer short distances

Phenomenological estimation of M0νGT

Neutrino potential

with Taylor expansion
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A: Phenomen.
prediction:
Too large
( ~ factor 2)

B: Need to be
calculated
Not
negligable

There is no proportionality
between M0νGT and M2νGT-cl
Fedor Simkovic
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Closure 2νββ GT NME
The only non-zero contribution
from Jπ=1+

=
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M0νGT depends weakly on gA/gpp
and QRPA approach unlike M2νGT
Nucleon

Nuclear physics

Nucleon

76Ge

Nuclear physics

76Ge

F.Š.,

6/18/2010 QRPA-like approches
Different
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on axial-vector coupling

Can one measure M0νF ?
Rodin, Faessler, PRD 80 (2009)

Assumption:
Neutrino potential
is coulombic 1/r
≈ (N-Z)1/2~5

Measure ∆T=2 isospin
forbidden NME
(e.g., charge-exchange
reactions of (n,p) type)
QRPA calculations of M0νF:
<IAS|T+|0f> ≈ 0.005
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Co-existence of few mechanisms
of the 0νββ-decay
It may happen that in year 201? (or 2???) the 0νββ-decay
will be detected for 2-3 or more isotopes …
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Dominance of light ν mass mechanism of the 0νββ-decay
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Co-existence of 2, 3 or more mechanisms of the 0νββ-decay
It is well-known that there exist many mechanisms that may contribute to the 0νββ.
Let consider 3 mechanisms: i) light ν-mass mechanism, ii) heavy ν-mass mechanism,
iii) R-parity breaking SUSY mechanism with gluino exchange and CP conservation

Claim of evidence:

We introduce

6/18/2010

Klapdor-Kleingrothaus, Krivosheina,
Mod. Phys. A 21, 1547 (2009)

ξTe < 1.2
ξMo < 2.6

ξ=0, non-observation (T2→∞)
ξ=1, solution for single active mech.
Fedor Simkovic
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is reproduced

4 sets of two linear eq.

2 active mechanisms
of the 0νββ-decay:
Light and heavy
ν-mass mechanism

2 different solutions

CP-conservation assumed

Non-observation of
the 0νββ-decay for some
isotopes might be
in agreement with
Mββ in sub eV region
Non-observation
6/18/2010
for 130Te

●
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● Single solution
24
for light ν-mass mech.

3 active mechanisms
of the 0νββ-decay

assuming evidence

current limits
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Neutrinoless double electron capture
or
Oscillations of atoms
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Neutrinoless double electron capture
(resonance transitions)
(A,Z)→(A,Z-2)*HH’
J. Bernabeu, A. DeRujula, C. Jarlskog,
Nucl. Phys. B 223, 15 (1983)

Atom mixing amplitude
∆Μ

Decay rate

2νECEC-background
depends
6/18/2010 strongly
on Q-value
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Oscillations of atoms
Oscillation of atoms
(lepton number violation)
F.Š., M. Krivoruchenko, Phys.Part.Nucl.Lett. 6 (2009) 485.

In analogy with oscillations of
n-anti{n} (baryon number violation)

Oscillations of stable atoms (Γ=0)

6/18/2010

Oscillations of unstable atoms (Γ≠0)
Double electron capture
enhancement)
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Double electron capture
e1s1/2+ e1s1/2+ 112Sn → 112Cd(0+3)
Reletivistic electron w.f. (j=1/2, l=0, l’=1)

0.022

Potential

Matrix element

Width
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Exc. state Eex (MeV)
M0ν
_________________________
0+g.s.
0
2.69
0+1 (1 ph.) 1.224
3.02
0+2 (2 ph.) 1.433
0.90
0+3 (1 ph.) 1.224
2.78
29
---------------------------------------

Double electron capture of 112Sn
(perspectives of search)
F. Šimkovic, M. Krivoruchenko, A. Faessler, in preparation

A.S. Barabash et al.,
NPA 807, 269 (2008)

T0ν-exp1/2 > 9.2 1019 years

Mi-Mf

T1/2ECEC
(mββ= 50 meV)
______________________
1 keV
2.44 1031 years
100 eV 2.45 1029 years
10 eV
2.91 1027 years
0 eV
4.67 1026 years
--------------------------------

No 2νECEC background!
T2νECEC = 1.7 1022 y (0+g.s.)
7.4 1024 y (0+1 )
5.4 1034 y (0+3 )

Domin, Kovalenko, F. Š., Semenov,
NPA
753, 337 (2005)
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Ge)=
(2.95 – 5.74) 1026 years for mββ= 30
50 meV

Kurie functions of β-decay of 3H and 187Re
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Standard approach
• non-relativistic nuclear w.f.
• nuclear recoil neglected
• phase space analysis

Relativistic approach to 3H decay
nuclear recoil (3.4 eV) taken into account

E emax = M i − M f − mν

Relativistic EPT approach (Primakoff)
• Analogy with n-decay
(3H,3He) ↔ (n,p)
• nuclear recoil of 3.4 eV by Eemax
• relevant only phase space
Eemax =

[

(

1
M i2 + me2 − M 2f − mν2
2M f

)]

Numerics:
Practically
6/18/2010 the same dependence Fedor Simkovic
of Kurie function on mν for Ee≈ Eemax

F.Š., R. Dvornický, A. Faessler,
PRC 77 (2008) 05550232

Spectrum of emitted electrons in rhenium β-decay
Dvornický, F. Š., Muto, Faessler, PPNP (2009)

(

1 2 2
dΓ GF2Vud2
2
2
2
2
R
p
F
(
Z
,
E
)
+
k
F0 ( Z , E )
=
M
pE
(
E
−
E
)
(
E
−
E
)
−
m
1
ν
0
0
3
3
dE
2π
Electron p3/2 decay
channel clearly dominates

k = ( E0 − E ) 2 − mν2

ΓS / ΓP = 1.011 × 10−4
In agreement with
Arnaboldi et al.: PRL 96, 042503 (2006)
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)

Electron in the
p3/2 state

p

max
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≅ 50keV

Electron in the
s1/2 state

k max = 2.47keV
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Kurie functions
for
tritium
and
rhenium
β-decays

y=Emaxe - Ee
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Conclusions
Nuclear matrix elements: Significant progress achieved. Factor 2 difference
(2005: factor 5). Better understanding of uncertainties. A connection to the
2νββ-decay established. There is a need for supporting experiments: i) p and n
removing transfer reactions (mean field); ii) Charge-changing reaction
experiments (β− and β+ strengths); iii) 2νββ-decay experiments; iv) Experiments
to re-measure nuclear deformation needed
Co-existence of different mechanisms: The non-observation of the 0νββ-decay
for some isotopes could be in agreement with a value of mββ in sub eV region.
Thus, it is important to have at least two different 0νββ-decay
experiments for a given nucleus.
Neutrinoless double electron capture: New formalism presented. Degeneracy of
the order of 10-100 eV required. Position of excited 0+exc. states need to be
checked, atomic masses accurately remeasured. Can we manipulate atomic
structure?
The Kurie functions of 3H and 187Re close to the endpoint depends in the same
way on ν mass.
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MEDEX conferences,
Prague,…, 2009, 2011

NMEs are as important as Data
Frank Avignone

Organized
by Kai Zuber

NUMMI'07 Durham, IPPP
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