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Theoretical methods
nuclear matrix element (NME)
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FIG. 1. (Color online) The Feynman diagrams for Ov58 via (a) Wi — W mediation (mpgs mechanism) and (b) W — Wg
mediation (A mechanism) with light neutrinos exchange.
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Leptonic current
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Hadronic current
(with nonrelativistic assump.)
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Current-current interaction

SU(2), ® SU(2), ® U(1), ,
Effective current-current interaction acting on DBD
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Half-life & in left-right symmetric model
nuclear matrix element (NME)
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Calculation of
nuclear matrix element
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Shell model study of using an effective field theory for disentangling several contributions
to neutrinoless double-f decay
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Weak interaction in nuclei represents a well-known venue for testing many of the fundamental symmetries of the
Standard Model. In particular, neutrinoless double-g decay offers the possibility to test beyond Standard Model
theories predicting that neutrinos are Majorana fermions and the lepton number conservation is violated. This paper
focuses on an effective field theory approach to neutrinoless double-fg decay for extracting information regarding
the properties of the beyond Standard Model Lagrangian responsible for this process. We use shell model nuclear
matrix elements and the latest experimental lower limits for the half-lives to extract 12 lepton-number-violating
parameters of five nuclei of experimental interest and lower limits for the energy scales of the new physics.

Usmg the most stl mg ent limits_that we obtam for the \alues of the lepton number-violating parameters. we

mechanisms. We provide an analysis that could reveal valuable information regarding the dominant neutrinoless
double-B decay mechanism, if experimental half-life data become available for different isotopes.

DOI: 10.1103/PhysRevC.98.035502
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The A Mechanism of the OvBB-Decay

Fedor Simkovic -2%*, Dusan Stefanik ! and Rastislav Dvornicky ' *

"Department of Nuclear Physics and Biophysics, Comenius University, Bratislava, Slovakia, Z Boboliubov Laboratory of
Theoretical Physics, Dubna, Russia, ¢ Institute of Experimental and Applied Physics, Czech Technical University in Prague,
Prague, Czechia, * Dzhelepov Laboratory of Nuclear Problems, Dubna, Russia

The % mechanism (W, — Wg exchange) of the neutrinoless double beta decay
(OvpB-decay), which has origin in left-right symmetric model with right-handed gauge
boson at TeV scale, is investigated. The revisited formalism of the OvBp-decay, which
includes higher order terms of nucleon current, is exploited. The corresponding nuclear
matrix elements are calculated within quasiparticle random phase approximation with
partial restoration of the isospin symmetry for nuclei of experimental interest. A possibility
to distinguish between the conventional light neutrino mass (W; — W, exchange) and
2 mechanisms by observation of the Ovpp-decay in several nuclei is discussed. A
qualitative comparison of effective lepton number violating couplings associated with
these two mechanisms is performed. By making viable assumption about the seesaw
type mixing of light and heavy neutrinos with the value of Dirac mass mp within the range
1 MeV < mp < 1 GeV, it is concluded that there is a dominance of the conventional
light neutrino mass mechanism in the decay rate.

Keywords: majorana neutrinos, neutrinoless double beta decay, right-handed current, left-right symmetric
models, nuclear matrix elements, quasiparticle random phase approximation
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Matrix elements [L-L type]

SRC = Short range correlation ( %7 ZE&EAHE )

TABLE I. Nuclear matrix ele ts Mr, McT, Mr, M, for 0vBA of *¥Ca, calculated with GXPF1A interaction in closure,

running closure, running nongfosure and mixed methods for different SRC parametrization. (E) = 7.72 MeV was used for

closure and running closure pflethods.

NME SRC Closure Running closure Running nonclosure Mixed
Mpr None -0.207 -0.206 -0.210 -0.211
Mp Miller-Spencer -0.141 -0.141 -0.143 -0.143
MF CD-Bonn -0.222 -0.221 -0.226 -0.227
MFp AV18 -0.204 -0.203 -0.207 -0.208

Mgt None 0.711 0.709 0.779 0.781

Mgt Miller-Spencer 0.492 0.490 0.553 0.555

Mgt CD-Bonn 0.738 0.736 0.810 0.812

Mecr AV18 0.675 0.673 0.745 0.747
M~ None -0.074 -0.072 -0.074 -0.076
Mt Miller-Spencer -0.076 -0.073 -0.075 -0.078
M~ CD-Bonn -0.076 -0.074 -0.076 -0.078
Mr AV18 -0.077 -0.074 -0.076 -0.079
M, None 0.765 0.765 0.836 0.836
M, Miller-Spencer 0.504 0.505 0.566 0.565
M, CD-Bonn 0.799 0.799 0.874 0.874
M, AV18 0.725 0.725 0.798 0.798

Total
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Matrix elements [ type]

TABLE III. Nuclear matrix elements Myr, Myer, MgT, M1+, and Mao_ for O3/ of 48 (Ca calculated with GXPF1A interaction
in closure, running closure, running nonclosure and mixed methods for different SRC parametrization. (E) = 7.72 MeV was
used for closure and running closure methods.

NME SRC Closure Running closure Running nonclosure Mixed
M,r None -0.102 -0.102 -0.101 -0.101
M,r Miller-Spencer -0.082 -0.082 -0.080 -0.080
M,r CD-Bonn -0.123 -0.122 -0.121 -0.122
Myr AV18 -0.118 -0.118 -0.117 -0.117
Myer None 3.243 3.246 3.317 3.314
Myer Miller-Spencer 2.681 2.684 2.751 2.748
Mycr CD-Bonn 3.554 3.557 3.709 3.706
M,er AV18 3.423 3.426 3.502 3.499
Mgt None -0.147 -0.140 -0.143 -0.150
Mgt Miller-Spencer -0.150 -0.143 -0.146 -0.153
Mgt CD-Bonn -0.149 -0.142 -0.145 -0.153
Mgt AV18 -0.150 -0.142 -0.146 -0.153
My None 3.937 3.898 3.989 4.028
M+ Miller-Spencer 3.430 3.389 3.480 521
My CD-Bonn 4991 4.183 4.356 4.394
My AV18 4.101 4.061 4.158 4.198
Mo None 0.275 0.279 0.378 0.374
Mo Miller-Spencer 0.085 0.090 0.172 0.167
Mo CD-Bonn 0.271 0.276 0.372 0.367
Ma_ AV18 0.214 0.220 0.319 0.313
Total

The amplitude of matrix element for L-R exchange
are relatively large compared to the cases with L-L exchange.
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Closure-energy dependence

[constant] no significant change is noticed in several
settings
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FIG. 6. (Color online) Dependence of the total NMEs for
OvBf (A and mps mechanisms) of **Ca with closure energy

(E), calculated with total GXPF1A interaction for AV18 SRC

parmaetrization in running closure and mixed methods.
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Results
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Heavy neutrino
(right-handed neutrino)
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M. Horoi, Phys. Rev. C 87, 014320 (2013)
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Light neutrino

Fermi Gamow-Teller Tensor
L 60 60 200
E Total: 112 Total: 112 Total: 784
> : ;
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Sterile neutrino search based on Verdados, Ejiri, et al. Prog. Phys. C 2012
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« Effect of right handed weak bosons ?

« Effect of right handed neutrino --- sterile neutrinos ?
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Estimation of nuclear matrix elements of double- decay from shell model and quasiparticle random-phase
approximation

J. Terasaki, Y. lwata

The nuclear matrix element (NME) of the neutrinoless double-#3 (0w83) decay is an essential input for determining the neutrino effective mass, if the half-life of this decay is measured The reliable calculation of
this NME has been a long-standing problem because of the diversity of the predicted values of the NME depending on the calculation method. In this paper, we focus on the shell model and the QRPA. The shell
model have a rich amount of the many-particle many-hole correlations, and the QRPA can obtain the convergence of the result of calculation with respect to the extension of the single-particle space. It is difficult
for the shell model to obtain the convergence of the 0#33 NME with respect to the valence single-particle space. The many-body correlations of the QRPA are insufficient depending on nuclei. We propose a
new method to modify phenomenologically the results of the shell model and the QRPA compensating the insufficient point of each method by using the information of other method complementarily.
Extrapolations of the components of the 01288 NME of the shell model are made toward a very large valence single-particle space. We introduce a modification factor to the components of the 0238 NME of the
QRPA. Our modification method gives similar values of the 033 NME of the two methods for %Ca. The NME of the two-neutrino double-/3 decay is also modified in a similar but simpler manner, and the

consistency of the two methods is improved.
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