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Ov 3 decay matrix elements and experiment
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Matrix elements needed to make sure  KamLAND-Zen, PRL117 082503(2016)

next generation ton-scale experiments fully explore "inverted hierarchy"
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Ov 3 decay nuclear matrix elements
Large difference in nuclear matrix element calculations: factor ~ 2 — 3
- X = Fermi (1), GT (onom), Tensor
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H(r) = neutrino potential
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Engel, JM, Rep. Prog. Phys. 80 046301 (2017)
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Configuration space

Nuclear shell model configuration space
126 only keep essential degrees of freedom

Sho e High-energy orbits: always empty

82 e Configuration space:
4ho where many-body problem is solved
3he * ¢ Inert core: always filled
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Shell model codes (1 major oscillator shell)
~10'0 Slater dets. Caurier et al. RMP77 (2005)

QRPA calculations suggest
larger spaces (= 2 major shells) needed
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Shell model matrix elements in two shells

*8Ca—*8Ti Ov33 decay sf —
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Tests of nuclear structure

Spectroscopy well described: masses, spectra, transitions, knockout...
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Nuclear 8 decays

[ decays (e~ capture) main decay model along nuclear chart

In general well described by nuclear structure theory: shell model...
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Gamow-Teller strength distributions
Gamow-Teller (GT) distributions well described by theory (quenched)
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Double Gamow-Teller strength distribution

Measurement of Double Gamow-Teller (DGT) resonance

in double charge-exchange reactions “4Ca(pp,nn)*8Ti proposed in 80’s
Auerbach, Muto, Vogel... 1980’s, 90’s

Recent experimental plans in RCNP, RIKEN (*¢Ca), INFN Catania
Takaki et al. JPS Conf. Proc. 6 020038 (2015)

Capuzzello et al. EPJA 51 145 (2015), Takahisa, Ejiri et al. arXiv:1703.08264

Talks by Ejiri, Lenske (Mon), Yako, Lay (Tue), Carbone (Thu)

Promising connection to 33 decay, - '
two-particle-exchange process, =160 o .
3 140
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48Ca Double Gamow-Teller distribution

Calculate with shell model “8Ca 0;; Double Gamow-Teller distribution
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Shell model calculation with Lanczos strength function method

Double GT resonances in one and two shells rather similar result

Shimizu, JM, Yako, arXiv:1709.01088
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Double Gamow-Teller distribution and pairing

Study the sensitivity of Double GT distribution to pairing correlations
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Pairing correlations and 53 decays

Ov 3 decay favoured by (isovector) pairing, disfavored isoscalar pairing
Talk by Hinohara (Fri)

Ideal case: superfluid nuclei Addition of isoscalar pairing
reduced with high-seniorities reduces matrix element value
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48Ca DGT resonance and Ov 33 decay

Correlation between Double Gamow-Teller resonance in “4Ca
and Ov 5 decay nuclear matrix element

6

Energy of DGT resonance
with accuracy to ~1MeV,

can give insight on the value of
Ov 35 decay nuclear matrix element

£ > ErB(DGT—,i — f)
Y Y/ B(DGT—,i — f)

Might be feasible in near future

Fermi-type o )
20 25 20 . Shimizu, JM, Yako, arXiv:1709.01088
Eav (MeV)
In progress: sensitivity to other nuclear structure correlations
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.
DGT to ground state and Ov 33 decay

DGT transition to ground state of final nucleus:
Ca, Ti, Cr isotopic chains MPET = (Finalgs|| [ 2, o7, x 32 ;||| nitialgs ) |
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..
DGT and Ov 53 decay: heavy nuclei
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Short-range character of DGT, Ov53 decay

DGT transition to ground state same initial, final states with 0v 35 decay

Correlation between DGT and Ov 33 decay matrix elements
explained by transition involving low-energy states combined with
dominance of short distances between exchanged/decaying neutrons
Bogner et al. PRC86 064304 (2012)
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U OvBp decay 48, {0004 o
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Short-range part dominant
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Summary

Nuclear matrix elements are key
for the design of next-generation tonne-scale Ov 33 decay experiments
and for fully exploiting the experimental results

e Present matrix element calculations disagree
Need improved calculations,
guidance from other nuclear experiments

e Shell model nuclear matrix elements
in two shells for 8Ca, "6Ge,
suggest moderate enhancement (< 30%)

e Double Gamow-Teller transitions
pursued in RIKEN, INFN LNS, RCNP Osaka
can provide very useful insight on
value of Ov 33 decay matrix elements
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