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@ Double beta decay theory
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Two body matrix elements |
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Two body matrix elements Il
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Radial Integrals
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The DBD transition oper
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Isospin correction of the transition operator

Monopole term removed
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Consequences:

Mz":, ~ 0 and I\/l(’,'; are strongly reduced

MET and MoiT’T do not change
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NMEs for light neutrino exchange

TABLEL IBM-2NMEs M (dimensionless) for v~ decay
with Argonne SRC, gy /g4 = 1/1.269, and isospin restoration.

A 0] 0}

MO MO M MO MO M MO g ,
®Ca 173 030 —0.07 175 378 —027 —0.12 3.82 | ®IBM-2
TGe 449 —0.68 —023 468 195 —027 —0.09 2.02 o ®QRPA-TU
£Se 359 —0.60 —023 373 092 —0.3 —005 095 +IsM
%7e 251 —0.33 011 283 004 —001 000 005 3 ¢
WMo 373 ~048 019 422 099 —013 005 LI2 .
0pd 359 —040 021 405 046 —005 003 052 3 Th
16Cd 276 —0.33 0.4 310 084 —0.09 003 093 =4
g0 296 057 —0.02 319 221 —041 —0.09 2.38 R Pt
BTe 380 —072 —0.15 410 2.65 —047 —0.09 285 of Ca o
0Te 343 065 —0.13 370 252 —045 —0.08 271 ¢
HXe 377 —068 —0.05 405 219 -036 —0.06 2.35 itog
Xe 283 —052 —0.10 305 149 —024 —0.03 1.60 b
HNd 200 038 007 231 025 —005 001 0.29 : S S
IONd 233 —-039  0.10 267 040 —006 002 045 E 4 60 80 1007120140
Sm 249 036 0.1 282 037 —0.04 001 041 Neutron number
10Gd 3.64 —045 0.7 408 076 —0.11 004 0.87
19%pr 190 —0.33  0.09 2.19 0.08 —0.02 0.01 0.10 FIG. 3. (Color online) IBM-2  isospin-restored results for

22Th 358 —044 0.8 4.04 0.2 -0.02 001 0.15 Ovp~ B~ decay compared with QRPA-Tii [11] and the ISM [19].
28U 427 -0.53 021 481 034 —0.05 0.02 040

Source: J. Barea, J. Kotila and F. lachello, PRC 91, 034304 (2015)



NMEs for heavy neutrino exchange and

BT /BTEC/ECEC decays

TABLE IV. Nuclear matrix elements for the heavy neutrino
exchange mode of the neutrinoless double-8~ decay to the ground

state (columns 2, 3, 4, and 5) and to the first excited state (columns 6, TABLE VI Nuclear matrix elements M® (dimensionless) for
7, 8, and 9) using IBM-2 with isospin restoration and Argonne SRC  neutrinoless 8 g+, ECB", and ECEC decays with Argonne SRC and
and gy /gs = 1/1.269. 2v/ga = 1/1.269, in IBM-2 with isospin restoration.

of 07 [Us 07
A MO MO MO o MO MO MO MO Nucleus MO M MO MO MO MO MO Mo

#Ca 535 —232 —213 466 448 88 —65 437  BNi 233 —023 0.5 261 221 —020 010 244
®Ge 104 —428 —269 104 386 —149 -98 381 Zn 522 —0.61 —0.16 544 0.68 —0.06 —0.02 0.70
82Se 872 —37.1 —27.3 829 168 65 —46 162  Kr 379 —061 —024 392 087 —0.14 —0.06 0.90
%7r 679 —292 127 987 14 —06 03 21 %Ru 251 —037 011 285 003 —001 000 0.04
WMo 111 —46.8 242 164 293 —124 64 433  %Cd 316 —038 0.9 3.59 155 —0.16 008 1.72
"0pd 100 —41.4 277 154 135 =56 38 209 ¢Xe 442 —082 —0.19 474 074 —0.4 —0.03 0.80
lecd 739 169 110 180 —75 35 261 Ba 436 —0.80 —0.18 4.67 032 —0.06 —0.01 034
"2'sn 737 —149 793 501 -222 -99 540 %Ce 423 -076 —0.16 4.54 035 —0.06 —0.01 0.38
Te 934 —41.7 —183 101 557 -244 —103 605 $py 280 —040 0.13 3.17 1.53 0.08 1.75
Te 848 -37.9 —16.6 91.8 515 -226 -93 562 I¢Er 346 —044 022 395 1.02 —0.10 005 113
Xe 866 —393 —198 912 387 —173 -79 415 0w 412 —057 020 467 026 —0.05 002 031

Xe 668 —29.7 —12.7 726 256 —11.0 —4.1 283
8Nd 728 327 9.6 103 81 37 1.0 114
Nd 81.1 =356 132 116 122 -53 1.8 17.3
¥Sm 78.1 -33.7 138 113 89 38 12 124
10Gd 106 —44.6 215 155 267 —114 6.2 40.0
9%pt 714 —31.9 128 104 40 -18 09 6.1

22Th 107 —440 244 159 62 =27 1.9 99
2y 127 -525 287 189 127 54 34 194




NMEs for sterile neutrino exchange
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Exclusion zones

"
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@ The role of the single particle levels



Occupations fi
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Sensitivity of the NMEs for A = 130

A=130

kl//i\‘\‘\‘\‘\A

N

3
@F
%2 GT
z T
A M




Neutron Particles 150Nd Neutron occupancies
= ﬁif*”"”wqw,
4 § T
3 ® % 4 ® 3
= I £
2> e g3 a
w w2 2 a2
1 ¥ 1he ¥ the
o i 1 = i
0
o]
1 2 3 4 5 6 7
Set
3 5
2 5 4 3sy
@ 3siz ® 3si2
% 2 23 2
21 2, < 24,
w S~ P 2 + om
0 B . e ; * e
-
—
3 o]
1 2 3 4 5 6 7 1 2 3 4 5 6 7



Sensitivity of the NMEs for A = 150
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Realistic occupancies in 13%Te

Neutron Neutron Neutron
Orbital S.P.E. Occupancies Occupancies
[MeV] (calculated) (experiment)
3s1/2 0.332 1.737 1.50(20)
2d3/» 0.000 3.046
2d5;2 1.655 5.821 Sl
1g//2 2.434 7.860 8
1hy,  0.070 9.536 9.8(3)




© Concluding remarks



@ The formalism of the DBD in IBM-2 has been explained.
@ The results obtained have been shown.

@ The influence of the single particle levels has been investigated.



Thank you for your attention!



Woods-Saxon potential parametrization

@ The single particle energies were obtained diagonalizing the Woods-Saxon

Hamiltonian
1
H=T+V(r)+ Vso(r)+§(1+73) Ve(r),

where

%4 N—-Z
74 =—V=W|(1x ;
() 1+4er/a 0( KN+Z)'

Veo (r) = AV (V) (o % B);

1+ef/a

@ We used the Blomqvist and Wahlborn parametrization for Vo, &, a, )\, etc.

@ The values of N and Z correspond to those of the most stable beta decay
isobars for
A = 100, 110, 120, 130, 140, 150, 160

Computer Code WSBETA, S. Cwiok et al, Comp. Phys. Commun. 46 (1987) 379.



High Order Corrections / Finite Nucleon Size
New terms in GT and a Tensor contribution
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Coupling constants become momentum dependent
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HOC + FNS Terms

HOC term h(p)
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Short Range Correlations

Jastrow function in coordinate space

Ysrc = f(r)e
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SRC Parametrizations

Name A(fm™2) B(fm™?) C
Miller-Spencer 1.10 0.68 1.00
Argonne 1.59 1.45 0.92
CD-Bonn 1.52 1.88 0.46

Source: F. Simkovic et al, Phys. Rev. C 79, 055501 (2009)



IBM-2 and isospin

@ For heavy nuclei the valence protons occupy orbits full of
neutrons

1
T-[§) =0= T = [Mrlmax = 5 IN = Z|

@ For nuclei where protons and neutrons are in the same major
shell, but with different character as particles or holes, isospin
symmetry is violated only of order

1

Q

@ For lighter nuclei IBM-3 and IBM-4 are required to produce
states with definite isospin

Source: J. P. Elliot, Prog. Part. Nucl. Phys. 25, 325 (1990)
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