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OUTLINE

• Recent results of the Bratislava-Caltech-Tuebingen, 
Strassbourg-Madrid, and Jyvaskyla-La Plata groups
are discussed

• Anatomy of the 0νββ-decay NME is performed:
two-nucleon s.r.c., pairing decomposition, higher
order currents, r12 and q-dependences of M0ν ...

F. Š., A. Faessler V.Rodin,, P. Vogel,  J. Engel, arXiv 0710.2055  (2007)
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Authors put different NME calculations
at the same level

Civitarese, Suhonen, NPA 729, 867 (2003)

Bahcall, Murayama, Pena-Garay,
Phys. Rev. D 70, 033012 (2004)

The situation is much better today!

This suggest
an uncertainty

of NME
as much as
factor 5!
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Shell Model

•Define a valence space
•Derive an effective interaction H Ψ = Ε Ψ → Heff Ψeff = E Ψeff
•Build and diagonalize Hamiltonian matrix (1010)
•Transition operator < Ψeff | Oeff | Ψeff>
•Some phenomenological input needed
energy of states, systematics of B(E2) and GT transitions (quenching f.)

48Ca → 48Ti 76Ge → 76Se

76Se42 in the valence
6 protons and 14 neutronsSmall calculations
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QRPA
2νββ-decay NME

H = H0 + gph Hph + gpp Hpp

21 lev.

12 lev.

Collapse of the QRPA
21 l.m.s.   12 l.m.cOnly BCT group
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2νββ-decay 
nuclear matrix elements

difference: by factor ~ 10

Deduced from measured T1/2
2ν
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The 0νββ-decay NME: gpp fixed to 2νββ-decay

Each point: (3 basis sets)  x (3 forces) = 9 values

Rodin, Faessler, Šimkovic,Vogel, 
Phys. Rev. C 68, 044302 (2003)

By adjusting of gpp to 2νββ-decay half-life
the dependence of the 0νββ-decay NME on 

other things that are not a priori fixed
is essentially removed
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T
Scheme of the calculation of the 0νββ-decay NME
F.Š., G. Pantis, J.D. Vergados, A.Faessler, Phys. Rev. C 60, 055502 (1999)

Neutrino potential

The 0νββ-decay half-life NME= sum of Fermi, Gamow-Teller
and tensor contributions

Higher order terms
of nucleon current

(hoc)

Finite nucleon size

Form-factors:
(finite nucleon size)

Two-nucleon s.r.c.
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QRPA-like (2007) and NSM (2005) results

gA=1.25
Jastrow s.r.c. 

NSM predicts
practically

the same value
for all NME´s

NSM values
calculated

without
hoc

QRPA, RQRPA: V.Rodin, A. Faessler, F. Š., P. Vogel, Nucl. Phys. A 793, 213 (2007)
shell model: E. Caurier at al.   Rev. Mod. Phys. 77,  427 (2005).
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Finite nucleon size (formfactors) versus short range correlations.

Neutrino potential: I(r)/r
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Two-nucleon short range correlations:
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0νββ-decay NME with UCOM s.r.c.

Korteleinen, Civitarese, 
Suhonen, Toivanen,

Phys. Lett. B 647, 128 (2007)

ν-potential: Closure aproximation,
Finite nucleon size not considered

Feldmeier et al.: UCOM corelations
introduce correlations by means of a  unitary transformation
with respect to the relative coordinate of all pairs

UCOM correlations:
• determined by two-body energy minimization
• VUCOM and Vbare are phase shift equivalent
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Comparison of UCOM and Spencer-Miller (Jastrow)  s.r.c.
(coulombic potential ~ 1/r)

UCOM

Spencer-Miller and Co s.r.c. (Jastrow like) the same for all channels 2S+1LJ
UCOM s.r.c. different for singlet-even (SE), singlet-odd (SO), triplet-even (TE)
and triplet-odd (TO) channels



11/23/2007 Fedor Simkovic 14

Jyvaskyla group:
Changed of the formalismto our (new code), but no tensor term

Given for
r0=1.1 fm!

10 level model 
space,

gpp =1.00 
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Jyvaskyla group:
Changed of the formalismto our (new code), but no tensor term

Given for
r0=1.1 fm!

10 level model 
space
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0ν
This work Korteleinen, Suhonen

PRC 75 (2007) 051503

A: higher order terms of nucleon currents
B: finite nucleon size (Λ

V
=850 MeV, Λ

A
=1086 MeV)

C: two-nucleon short-range-correlations

82
 Se -> 

82
Kr

R=r
0
A

1/3
 (r

0
=1.1 fm)

b.m.e.: bare matrix element

Spencer
Miller 
s.r.c.

Co UCOM Brueckner
s.r.c.

Miller 
Spencer

s.r.c.
UCOM

s.r.c. s.r.c. s.r.c.

1/r 1/r 1/r 1/r

+A +A +A +A

+AB +AB +AB
+AB

b.m.e. b.m.e. b.m.e. b.m.e.

+ABC +ABC
+ABC

+ABC
b.m.e.

+A

+AB

+ABC

b.m.e.

+A

+AB

+ABC
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Some comments on calculations of Jyvaskyla group

Before 2007:
• Fixing of gpp to 2νββ-half lives is bad, fixing
of gpp to single β-decay observables is preferable

• Negative value of MGT should be considered
• s.r.c. should not be taken into account

(Durham meetings)
• formalism of Khadkikhar quark model 

(formfactors not presented)
Civitarese, Suhonen, NPA 761 (2005) 313; PLB 
626 (2005) 80;Suhonen, NPA 752 (2005) 53
...

?

A  clear message
is needed, what is correct?

2007:
• Fixing of gpp to 2νββ-half lives
• Negative value of MGT is not considered
• s.r.c. are considered
• Using our formalism with h.o.t of nucl. current
Korteleinen,Civitarese, Suhonen, Toivannen, 
PLB 647 (2007) 128; Koteleinen, Suhonen, 
PRC 75 (2007) 051303
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Quark model 
approach

of Khadkikhar ▲
Jyvaskyla group [NPA 
643, 207 (1998); NPA 

729, 867 (2003)  ...]
s.r.c. not considered
formfactor cutoff

unknown

Our approach●
based

on formfactors and 
inclusion of higher

order terms
of nucleon current

Origin of differences is unknown!

Previous calculations: The largest NME is for 136Xe
2007 calculations:         The smallest NME is for 136Xe
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Is there a convergence of QRPA-like results?

82Se, 96Zr
Is it a 

problem of
shifting of

single
particle

energies?

Jyvaskyla group:
Results only for
one model space

V.Rodin, A. Faessler, F. Š., P. Vogel, Nucl. Phys. A 793, 213 (2007)
M. Korteleinen, J. Suhonen, Phys. Rev. C 76, 051303 (2007); 76, 6024315 (2007)
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Is there a dependence on the size of the model space?

QRPAStoica et al:
Yes

strong dep.

Rodin et al.
No

weak dep.

Jyvaskyla
group

can help
to solve

this problem

V.Rodin, A. Faessler, F. Š., P. Vogel, Erratum, nucl-th/07006.4304 
Stoica, Klapdor-Kleingrothaus, PRC 63 (2001) 064304, NPA 694 (2001) 269
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Two-body correlated
wave functions

Numerical solution of
Bethe-Goldstone equation

H. Muether et al.
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Finite nucleon size (formfactor) do the same job as the s.r.c.!!

F GT
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Decomposition in in pp and nn channels

F. Š., A. Faessler V.Rodin,, P. Vogel,  J. Engel, arXiv 0710.2055  (2007)

J=0
Pairing mode

J≠0
Non-pairing mode
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Two types of decompositions
(Particle-particle) and (particle-hole)

A comparison with NSM
for the same model space

Sensitivity to gpp
of 1+ state

Dominance of
Pairing mode (J=0)
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The r12 and momentum transfer dependences of M0ν

100 MeV
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Dependence on the size
of the model space

Dependence on gpp
in exactly solvable fermi-type model
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The role of the constituents
of the hadron current

The effect of the two-nucleon
short-range correlations
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with
Jastrow and UCOM

two-nucleon s.r.c.

Large uncertainty
due to weak coupling

constant gA
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Latest R(QRPA) and NSM results
QRPA: Uncertainties due to s.r.c. (Jastrow,UCOM), weak coupling constant gA,
and approach (QRPA, RQRPA) are summed,  NSM: hoc already included

(R)QRPA: F. Š., A. Faessler V.Rodin,, P. Vogel,  J. Engel, arXiv 0710.2055  (2007)
NSM: E. Caurier,J. Menendez, F. Nowacki, and A. Poves, arXiv 0709.2137 (2007)
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0νββ-decay NME´s might be smaller
(deformations, overlap matrix)

Estimation of the effect of the deformation
on the 0νββ-decay NME´s



11/23/2007 Fedor Simkovic 30

Conclusions
0νββ−decay NME´s (QRPA, from factors to tens of %)

Which s.r.c.?
Spencer-Miller (Jastrow function), Co Jastrow-like, UCOM, 
or something else? None of them are preferable. A source of uncertainty.

Which NME´s to consider ? (the latest ones)
(R)QRPA:) V.Rodin, A. Faessler, F. Š., P. Vogel, Nucl. Phys. A 793, 213 (2007) 

F. Š., A. Faessler V.Rodin,, P. Vogel,  J. Engel, arXiv 0710.2055  (2007
NSM: E. Caurier,J. Menendez, F. Nowacki, and A. Poves, arXiv 0709.2137 (2007)
[Jyvaskyla group should explain the differences between the old results (quark confinement model
aproach) and new results]

There is no final answer yet (deformation, is there A-dependence of NME ...)! 

Which way of calculation?
Two-nucleon aproach of Bratislava-Tuebingen group with finite nucleon size
and hoc. Both Jyvaskyla and Strassbourg-Madrid groups accepted this approach.

Usefull anatomy of the 0νββ-decay NME performed with many details.
The main contribution comes from the interaction of the closest nucleons.
It explains why 0νββ-decay NME´ have approximately the same value.  
Main source of uncertainty: s.r.c., gA
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What is the nature of neutrinos?

Only the 0νββ-decay can answer this fundamental question

⇒

Theory
What is the origin of ν mass?

⇐
See-saw mech.

Radiative Higgs
R-parity viol. SUSY

String theory
Extra dimen.

By product:
• Absolute ν mass scale
• CP Majorana phases●●●
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