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INTRODUCTION: BASICS
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Rare 2"d-order process allowed within Lgy; weak interactions
Observed in 11 out of 35 even-even isotopes: Tf)’fﬁ ~ 101 — 1021y
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INTRODUCTION: MOTIVATION
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Bound-state beta decay: Ll
.
EP: éx _) Z+€Y + eg + 176 Ec?rfjmference:losm Inm:g':g:/ ‘
woion =Y }i: 0.71 (400 MeV/u) § ‘
Electron placement (EP) into atomic K or L shell

First observed at GSI Darmstadt in '§3Dy%¢*: T, = 47 d
[Jung et al., Phys.Rev.Lett.69 (1992)]

Neutrinoless (two-neutrino) bound-state double-beta decay:

0v(2v)EPB™: éx — Z+I%Y te, +te” + (Ve + V)

5
e - _ - X rays
Electron placement (EP) into available s, ,, or p, /, subshell SN -
No effect on calorimetry, but on single-electron spectral! : Z+gyg/ 7,
\\\ //,- ﬁe
Tracking & calorimetry experiments at LSM (Modane):
NEMO-3 (2003 — 2011):

1OOMO (7 kg), SZSe, 130Te, 116Cd,

700,000+ events with high S/B for *°°Mo during 3.49 y
SuperNEMO (under construction):
825e (100 kg), '°"Nd or **Ca

15t module “Demonstrator” ready (November 2017)
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CALCULATION: RELATIVISTIC ELECTRON WAVE FUNCTIONS
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Effective beta-decay Hamiltonian: n%-=|Z){e‘
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Hp(x) = NG e(x) y* (1 —y>) ve(x) ju(x) + H.c.
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Relativistic electron wave functions in central field: VBT~

n
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k=010=-)Ej+1) =+£1,+2,..

P ) = < fie(r) qu(f') )
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H = —j,...,+j KluSe

Bound- and free-electron Fermi functions: ¢ -

B (Z A) - fn 1(R) + gn+1(R)

R =12fmA/3 nsl/z npl/2 5 ‘ — s

F(Z,E) = f24 (R E) + g2,(R,E) —u

51/2 wave -2
Dominant s, /, term from partial-wave expansion: o
I (V+ )I y =2 — (az)?
F(Z,E) ~ 4|1 @pRYT2e™




CALCULATION: GRASP2K
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Stationary N-particle Dirac eg. with separable central atomic Hamiltonian [a. u. ]:
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RESULTS: PHASE-SPACE FACTORS & SINGLE-ELECTRON SPECTRA
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OvEPS~ and 2vEPS~ phase-space factors:
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Single-electron spectra for 82Se (Q = 2.998 MeV):
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RESULTS: DECAY-RATE RATIOS & HALF-LIVES (TABLE)
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ax Q [MeV] [OVEPB /pOvBB  [2VEPB /p2vBp T10/Vzﬁﬁ [v] T10/V2EPB [y] T12/v2ﬁﬁ [y] T12/v2EPﬁ [v]
*8Ca 4.268 355x 1077  3.77x107® 433 x10% 1.22x10%* 4.40x 10 1.17 x10%°
6Ge 2.039 3.63x107° 3.07x 107> 496 x 10%® 1.36 x 103% 1.65x 10?? 537 x 10%°
825e 2.998 1.97 x107®  1.83x107° 1.39x10%° 7.04x 103" 9.20x 10" 5.03 x 102*
%67y 3.356 7.67x1077  7.25x107°® 1.89x 10%® 2.46 x 103 230x 10 3.17 x 10%*
10000 3.034 360x107®  329x107° 6.22x10%° 1.73x103" 7.10x 10'® 216 x 10%3
Hecq 2.813 145%x 107  1.28x107° 1.03x10%° 7.13x 103" 2.87 x10'° 2.24 x 10%*
1287¢ 0.867 1.57 x 107> 1.09x107* 2.13x10%7 1.36x 103> 2.00x 10** 1.84 x 1028
130T¢ 2.528 268x107% 229x107° 1.16x10%® 4.33x10%" 6.90x 10%° 3.01 x 10%°
136%e 2.458 285x 107  241x107° 3.53x10%° 1.24x10% 219x10%* 9.09 x 10%°
150Nq 3.371 6.29x 1077  572x107® 4.02x10%° 6.39x 103" 820x10'® 1.43 x 10%*

Results for g.s. 07 — 0% nuclear transitions:

Decay-rate ratios FOV(ZV)EPB/FOV(ZV),BB ~ GOv(Zv)EPﬁ/GOV(Zv)Bﬁ

Half-lives T,/ 7,

OVEPpS
T1/2

CD-Bonn potential, |mgg| = 50 meV

. 2vEPS
Half-lives T; /2

calculated from measured T

estimated assuming g, = 1.27, |M°AF| via pn-QRPA with

[Simkovic, Rodin, Faessler, Vogel, Phys.Rev.C87 (2013)]
[Fang, Faessler, Simkovic, Phys.Rev.C92 (2015)]

2vpp
1/2

[Barabash, Nucl.Phys.A935 (2015)]



RESULTS: DECAY-RATE RATIOS & HALF-LIVES (PLOTS)
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SUMMARY & OUTLOOK

Summary:
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Double-beta-decay modes 0v(2v)EPB~ with Electron Placement into bound state
Phase-space factors G°VZVEPE(7 0) calculated via MCDHF package GRASP2K
Decay-rate ratios [0V2V)EPB /p0v(2v)BE decreasing rapidly with both Z and Q
Suppression due to occupied atomic shells and shielding effect of nuclear charge

Collective effects of crystal-lattice structure deemed negligible
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OvEPS ™~ strongly suppressed, but 2vEPS™ already at OvB~—f~ sen5|t|V|ty'

Set limits from NEMO-3 and SuperNEMO single-electron spectra with high S/B
Study possible implications for astrophysical processes (highly-ionized plasma)
Generalize 0vEPS ™ to various mechanisms of L-violation (V + A, SUSY, Majoron, ..
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Thank you for your attention!
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