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Ov 3 decay nuclear matrix elements

Large difference in nuclear matrix element calculations: factor ~ 2 — 3

8 T T T ]
[ NR-EDF A ]
7 R-EDF N
r QRPA Jy _ AW b
6 aqRrPATU T I‘ I A, 7
r QRPACH  + | | ' ]
5 - —
F BvM2 m | o Lo A ]
> [ smmMi L n T I ]
F SMStMTk e [ ] B
I -
3 m B N ]
r ° » o =]
L A 4
2 E » A
C m T ]
L + ]
T2 .
oL I L1 L1 I L1 I 1

48 76 82 96 100 116 124 130 136 150

A

EDF, IBM, QRPA large matrix elements: missing nuclear correlations?
Shell model small matrix elements: small configuration space?

How can data/calculations help to constrain the matrix element values?
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0 Data: Double Gamow-Teller transitions
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Test of nuclear structure

Spectroscopy well described: masses, spectra, transitions, knockout...
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Gamow-Teller strength distributions

Gamow-Teller (GT) strength distributions well described by theory (quenched)
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GT strengths combined related to 233 decay, but relative phase unknown
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Double Gamow-Teller strength distribution

Measurement of Double Gamow-Teller resonance

in double charge-exchange reaction proposed decades ago
Auerbach et al. 1980’s, 90’s

Recent experimental plans in RIKEN (“8Ca), INFN Catania
Takaki et al. JPS Conf. Proc. 6 020038 (2015)

Capuzzello et al. EPJA 51 145 (2015) 0 7°Se ~74Ge - 7°Ge
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48Ca Double Gamow-Teller distribution

Calculate the shell model *8Ca 0, Double Gamow-Teller distribution

B(DGT)

Relatively independent of the shell model interaction
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Double GT distribution: pairing

If double GT resonance related to 35 decay, depend on pairing correlations
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Ov 36 decay: pairing

Ov53 decay matrix element also sensitive to isovector and isoscalar pairing

Pairing correlations
enhance matrix element

Isoscalar pairing reduce
matrix element

Agree with previous work
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Double GT resonance and Ov /5 decay

Correlation between double GT resonance and Ov /33 decay matrix element
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Double GT to ground state and Ov 5 decay
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Double GT to ground state and Ov 5 decay

Linear correlation
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Double GT to ground state and Ov 5 decay
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e Correlations: Light- and heavy-neutrino exchange mechanisms
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Ov 36 decay light- and heavy-neutrino exchange

Neutrinoless 5 decay mediated by light or heavy neutrinos
Barea, Horoi, Menéndez, Simkovic, Suhonen...
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Same contributions in both channels
but in heavy-neutrino exchange the standard term becomes shorter range
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Comparing heavy-neutrino exchange matrix elements

Contrary to light-neutrino exchange
shell model, IBM, and EDF calculations agree reasonably
for heavy-neutrino exchange 3 decay!
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Heavy-neutrino matrix element
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Uncorrelated heavy-neutrino matrix element

. o S R L R I L S I I I B R
Uncorrelated (seniority-zero) ! fghtv T 1oy ]
. . Loy heavyyN —— T A
light- and heavy-neutrino Fig ’ s 1
matrix elements agree _sh Eral Hoons
for shell model and EDF S 1 EI
JM, Rodriguez et al. PRC90 (2014) % F 1 \ ] 3
e ——— — © o5 | )] —+ \ —ooo2 =
o ES o | . E k] 1 " 1
e L3 ] E o + N ;o
E' : '05:’\HMHMHMHMHMH’:’\HMHMH H\MH’:'O-OOQ
A= | 0 1 2 3 4 5 0 200 400 600 800 1000
wof b b  {fm] q[MeV]
,W;, T E G S AR R LA AR AL Se N AR RALAN AAASE AR L
R RSN I e —
mu; 4 E 15:—: E —:0006
L Ly —_ 1 ] $
% L AN ] -
= ik — — 0.004 2
Correlations (high-seniority) & & @ ; 1 8
affect long-range part "l E E R
small momentum transfers oA ¥ o
only relevant for wsb N,
light-neutrino exchange 0 500 @0 a0 60 a0 =i

INT, 21 June 2017 17/22

Javier Menéndez (CNS/ U. Tokyo) Data, correlations, 33 decay matrix elements




Differences due to isoscalar pairing?

Separable shell model collective interaction Dufour, Zuker PRC54 1653(1996)
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Find long-range piece which does not affect heavy-neutrino exchange:

isoscalar pairing Vogel, Zirnbauer, Engel, Hinohara, JM...
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Suggest difference between shell model, EDF isoscalar pairing

Same reason for disagreement shell model and IBM?
Javier Menéndez (CNS/ U. Tokyo)
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e Outlook
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Monte Carlo shell model: "°Ge matrix element

Diagonalize valence space, HIW) = EV) = Herr [V)en = E [W)er
other effects in He: W)er =Y Calta), |¢a) = ajiap...aj,|0)

Exact diagonalization: 10'" dimension Caurier et al. RMP77 427 (2005)
Monte Carlo shell model: 10?2 dimension Togashi et al. PRL117 172502 (2016)

: Matrix element
as a function of (AH?)

Convergence very slow
: with respect to basis state #

Pairing correlations

) \\\ probably not fully captured
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— - , Tsunoda, Shimizu, et al. in prog.

Javier Menéndez (CNS/ U. Tokyo) Data, correlations, ecay matrix elements INT, 21 June 2017 19/22



Effective field theory for g and 53 decay

In spherical nuclei,

as typical 53 emitters,

develop an effective field theory
based on phonon excitations,

expansion in breakdown scale
Coello Pérez, Papenbrock

PRC92 064309('15), PRC94 054316(16)
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Once EFT couplings are fixed,
predictions with uncertainties

Excitation spectra,
electromagnetic transitions

Extend to 8 and 33 decays:
matrix elements

with estimated uncertainties
Coello Pérez, JM, Schwenk, in progress
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INT 2018 Program

INSTITUTE FOR NUCLEAR THEORY

Home | Contact | Search | Site Map
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» 2018 Programs

Nuclear ab-initio Theories and Neutrino Physics (INT-18-1a)
February 26 - March 30, 2018
C. Barbieri, O. Benhar, A. Galindo-Uribarri, A. Lovato, J. Menéndez
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Neutrinoless double-beta decay nuclear matrix elements
key to fully exploit next generation experiments testing inverted hierarchy

@ Double Gamow-Teller resonances
test of nuclear structure calculations
correlation to Ov 3 decay matrix elements

@ Double Gamow-Teller transition
to ground state of final nucleus
linear correlation to Ov 33 decay matrix element
across the nuclear chart (shell model)

@ Shell model & EDF
agreement for heavy-neutrino exchange
and uncorrelated matrix elements
suggest difference due to isoscalar pairing

@ Shell model Monte Carlo for 7°Ge underway
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