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The B-decay properties are very important for understanding the nuclear
structure evolution at extreme N/Z ratios, for analysis of radioactive ion-beam
experiments, and modeling of the astrophysical r-process. For this reason, the
theoretical calculations of the B-decay properties of the “waiting-point nuclei”
129Ag, 130Cd, and *3%In provides the valuable information. One of the successful
tools for nuclear structure studies is the QRPA with the self-consistent mean-
field derived from the Skyrme EDF. The framework allows to relate the
properties of the ground states and excited states through the EDF. There is
the discrepancy between the QRPA predictions and the measurements for
low-energy 1* spectrum of the daughter nucleus. The number of low-lying 1*
states and the corresponding Gamow-Teller fragmentation are naturally
reproduced by the inclusion of the tensor correlations and the coupling
between one- and two-phonon terms in the 1* wave functions. We applied the
influence of the phonon-phonon coupling on the probability of the neutron
emission occurring at very small quantity of energy available in B-decay.
Outset of delayed neutron emission in Cd isotopic chain is discussed.
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To calculate binding energies of the daughter
nucleus (N - 1,Z + 1) and the final nucleus =
(N-1-X, Z+ 1), the blocking effect for unpaired S | Y
nucleons are taken into account. Finally, the ‘
calculated Q-value and the neutron separation
energies for the daughter nucleus are given by
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Qg =AM,_y +B(Z+1,N—1) —B(ZN)
S =B(Z+1,N—-1)—-B(Z+1,N—-1-X)

AM,,_,;=0.782MeV is the mass difference between the neutron and the hydrogen
atom
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Using the equation-of-motion approach one can get
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Making use of the finite rank separable approximation for the residual interaction
enables one to perform the calculations in very large configuration spaces
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The coupling between one- and two-phonon terms in the wave functions of excited
states are taken into account
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J™ = 17 is constructed from the charge-exchange QRPA
phonons with the following multipolarities:
AT=17,17,27,3F (1)

and the vibrational (QJRPA phonons with the following
multipolarities:
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Using the variational principle, one obtains a set of linear equations for the unknown
amplitudes R;(Jv) and P, Alll 1Uv)
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These equations have the same form as the equations of the quasiparticle-phonon
model (QPM)/V. A. Kuzmin, V. G. Soloviev, J. Phys. G 10, 1507 (1984)], but the single-

particle spectrum and the parameters of the residual interaction are calculated with the
Skyrme forces.
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Its solution requires to compute the matrix elements of the quasiparticle-phonon
interaction.
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In the allowed GT approximation, the B-decay rate is expressed by summing the
probabilities of the energetically allowed GT transitions (E;" < Q) weighted with

the integrated Fermi function
Gy 2 GT
1/2 _Z/llf_ G_V ZfO(Z_I'LA'Em)B(GT)m
m

EGT = QpEqs

where A is the partial B-decay rate 4 =1.25, D= 6147 s. The transition
Gy

energies E&T refer to the ground state of the parent nucleus. E;+ denotes the
excitation energy of the daughter nucleus.
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El*;n ~ By — Equ,lowest

E>qp10west COrresponds the lowest two-quasiparticle energy.

E,, and B(GT),, are the solutions either of the QRPA equations, or of the equations
takinginto account the two-phonon configurations.



The difference in the characteristic time scales of the B-decay and subsequent
neutron emission processes justifies an assumption of their statistical
independence.

The probability of the Bxn emission accompanying the B decay to the one- and two-
phonon excited states in the daughter nucleus can be expressed as
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Pln : Q,B - SZn = Eﬁl’lrw = Qﬁ _Sn
PZn : QB - SBn = Eﬁ’g; < Q,B _SZn
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We concentrate on the delayed multi-neutron emission in the region below the neutron-
rich doubly magic nucleus 1325n. The B-decay rates help to reconstruct the Gamow-
Teller strength distribution. Our theoretical investigation taking into account the
phonon-phonon coupling for the study of low-energy spectrum populated in the -
decay of unstable nuclei.
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Excitation 27 energies of the parent nuclei

E,
(MeV)

EXPT QRPA EXPT QRPA

collective excitation which leads to the 126Cqd 0.652 0.8 2700+600 3400
maximal matrix elements coupling

one- and two-phonon configurations. 128Cd 0.646 1.1 2100
The calculated energies and the B(E2)
values for up-transitions to the

The 2 state is the lowest

+
l¢orPA}

Zf{QRP .  States reproduce the 130Cd 132 13 1100
experimental data satisfactory.
132Cd 1.1 1500
134Cd 1.1 1700
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Excitation 27 energies of the N=82

Isotones
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The evolution of the B-decay half-lives
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The largest contribution in the calculated B-decay half-life comes from the [1{]grpa
configuration, but the two-phonon contributions are appreciable. The inclusion of
the two-phonon terms results in an increase of the transition energy.
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The phonon-phonon coupling effect on the B-decay rates
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The phonon-phonon coupling effect on the B-decay rates
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J™ = 17 is constructed from the charge-exchange QRPA The function N(E) can be described by the following
phonons with the following multipolarities: level density:
N=1t 17,27 3t (1) p(E)=a(E - Ey)°.

and the vibrational QRPA phonons with the following We ﬁng} that Ey=0.43 MeV, 5=3.30 and a=2.6x10"?
multipolarities: MeV P71 Notice that in the Fermi-gas model with
equidistant single-particle spectrum the exponent is 2n-1
for the density of np — nh excitations, and the value /3
= 3 for 2p — 2h excitations, which is quite close to the
fitted values of 3.

NT =12t 37 4", (
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130 B-delayed y-spectrum

TABLE I: The calculated energies, log ft, transition probabilities, partial widths and dominant components of phonon structures
of the low-lying 11 states in **°In.

IR 1 =27 =37

17 Energy Structure log ft B(E1) I'(E1) B(E1) I'(E1) B(E2) I'(E2
(MeV) (W.u.) (eV) (W.u.) (eV) (W.u.) (eV)
17 2.4 99% (3] ®2] 4.7 42x1077  1.1x107°  45x107°  1.1x107* 5.8 7.2x107*
13 2.6 98% (37 @47 ] 4.9 5.3x1077  L.7x107°  0.7x107°%  23x107° 0.1 2.6x107°
17 2.8 TT%[1]] 3.1 0.9x107°  3.6x107*  12x107°  4.5x107* 0.1 4.8%107°
15 4.1 99%[27 @37 ] 4.8 1L5x107%  1.9x10™*  22x107°  2.7x107? 0.1 8.2x107*
15 4.7 57%(15 ]+ 2.8 0.7x107°  14x10™%  2.0x10™*  3.8x1072 1.0 2.0x1072

32% (3] ®27]

T~ 1+ + This fact indicates that indeed the calculated third
F(E 2:« 13 — 31 ) —0.13 :> 1+ state corresponds to the experimental level

I ( El:1 ;i- 5 2—5) located at 2120 keV which was also reproduced by
. = the shell model.

It is shown for the first time that the structure the additional 1+ states is mostly dominated by the

two-phonon configuration built on the charge-exchange first 3+ phonon.

A.P.S., N.N. Arsenyey, |.N. Borzov, E.O. Sushenok, D. Testov, D. Verney, PRC 101, 054309 (2020)



The correlation between the low-lying E2 transition
strengths of the parent and daughter isobaric

‘companions
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Summary

Starting from the Skyrme mean-field calculations, we have studied the effects of the
phonon-phonon coupling on the p-delayed multi-neutron emission. Our results
represent the successful comparison between experimental B-delayed y-spectra and
those calculated with the Skyrme EDF.

We predict a non-zero probability of the neutron emission in the case of 12°Cd .
Among our 1nitial motivation was the search for multi-neutron emission in the case
132Cd in comparison to the N=82 isotone 139Cd. The inclusion of the phonon-
phonon coupling results in the 55% increase of the ratio Py, /Py, -

It 1s shown that the space extension of the charge-exchange phonons enriches the 1+
spectrum of 139In. An important increase of the level density near the neutron
threshold 1s achieved. It is shown that the structure the additional 17 states is mostly
dominated by the two-phonon configuration built on the charge-exchange first 3*
phonon.

The results have shown the correlation between the low-lying E2 transition

strengths of the parent and daughter isobaric companions as compared to the
B-decay data of 126:128,130Cd,



Thank you for your kind attention!
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