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Introduction

Light Majorana Neutrino Exchange Mechanism
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V. R., A. Faessler, F. Simkovic, P. Vogel, PR8 (2003); NPA766 (2006)
the most thorough QRPA analysis of thw35-decay up-to-date



Introduction

How large Is the systematic error of the QRPA
(due to neglecting many-particle configurations)?

M% andM?¥ are integral quantities (sums over all intermediate states

challenge for experimental verification, but favors QRPAatgtion

If we knew the exact nuclear Hamiltonian to use within QRPA. .

One fixes parameters of the nuclear Hamiltonian descrilmnaes
observables within the QRPA



Introduction

How accurate Is the "standard QRPA description”
itself?

In particular, what Is the best basis choice?

apriory:. the larger basis - the better



Motivation for continuum-QRPA

Motivation for continuum-QRPA

= to perform ultimate QRPA calculations

 TO Include entire single-particle basis
no more guestion about the dependence of QRPA results
on the s.p.-basis size

e TO use realistic s.p. wave functions in continuum
no more need for oscillator wave functions

e TO get a new Iinsight into results
via alternative formulation of the QRPA



Basics of continuum-QRPA
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It Is not possible to handle the infinite number of (DRPA
amplitudesXs, Ys if one wants to include the single-particle

continuum.

Instead, the QRPA is reformulated in termdadir transition
densitiew? ® (i = 1,...4) of the excited states ithe coordinate

space



Basics of continuum-QRPA

Elementsi(r)in terms of the pn-QRPA amplitudes,, andY,,
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u, v - codticients of Bogolyubov transformation



Basics of continuum-QRPA

The pn-QRPA system of equations gr

o = {AFo}

07" 5(r) = %fAI{(rr’,w = ws) F (') o 3(r”) dr'dr”,

Flfﬂ(rlrz) — residual interaction ik-channel



Basics of continuum-QRPA

"Free" two-quasiparticle propagator
(response functiomg

in terms of normal and anomalous s.p. Green’s functions éomi=systems with nucleon pairing
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Basics of continuum-QRPA
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The way to explicitly take the s.p. continuum into considiera

1. To put for highly-excited s.p. states=0, u=1,E =|e— 1| (> A)
2
(accurac;(ﬁ) )

(rl)Xﬂ(rZ)
E— &x
to perform summation over the s.p. states in continuum

2. To use the s.p. Green’s functiog(rro, €) = ZX”



Basics of continuum-QRPA

Total response functioA

Including QRPA iterations of p-h and p-p interactions
= a Bethe-Salpeter-type integral equation:

A=A+ [AFA)



Basics of continuum-QRPA

Spectral decomposition &
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BB-decay within continuum-QRPA

Strength functionsr a s.p. probing operat&rgz)
_ A [— 2
Sw) = )" [($VPI0)] 6w - w9

can be calculated in term of 1.

SO(w) = -2 Im{V;A], (w)V5)

SM(w) = —2IM{V,A)(w)V3)



BB-decay within continuum-QRPA
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Non-diagonal strength function
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BB-decay within continuum-QRPA
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matrix element of a 2-body operator within the continuumfFAR

W) = Z Z W;(ra, 'o) Tarsu(Na) T3 s, (M) 7 Oz
b JLS

between the ground stat@s and|0”)

~ 1 ~
<O,‘W(__)‘O> — Z —; fd(,() {W\]A‘i-jz((,())}
J



Results]

M odel
Landau-Migdal zero-range pairing, p-h and p-p forces

|nput parameters

pair _ pair

pairing strengthsg, ™, g

p-h strengths: is.ovectd‘rgh and Spin-iSOVeCtOféh

p-p strengthsy),, gy,




Results]

Fixing input parameters

e g”@" — to reproduce exp. pairing energies

o fgh = 1.0 — Isospin-selfconsistency of p-h interaction and mean
field

o féh — to reproduce the exp. energy of the GTR

pair pair

*dp=(an +0p
* gy, — to reproduce expv®”

)/2 — Isospin-selfconsistency of p-p interaction



— continuum
— = discrete




Results]

Present calculation d¥1®”

¢ two-nucleon short-range correlations are included

e the higher order terms of the nucleon current are misdiity (
can get reduced by up to 30%)

e For multipoles withL > 5 the QRPA Is barely suitable —
short-range physics dominates
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= continuum-QRPA ==> M'=2.49
[ discrete QRPA, ==> M=3.34
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B8 continuum-QRPA ==> M'=1.79
[ discrete-QRPA ==> W=2.24




Conclusion$

e Continuum-QRPA approach to calculation of DBD amplitudes
has been formulated

e Total M% gets suppressed by about 20-30%

e Perspective: ffective transition operators for the Shell Model ?



