Perspectives for next beta-decay and delayed-
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Unmeasured half-lives give large uncertainties
In r-process abundance

Unmeasured B-ray spectra, delayed neutron emission/fission
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Feature of the HFB+ORPA+HFSM model

(1) Computationally fast and applicable to all nuclel in the nuclear chart
(2) Have been applled o many StUdleS FM, T.Marketin, N.Paar, PRC104, 044321 (2021)
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Skyrme Hartree-Fock-Bogoliubov (SHFB)

HFB Equation L .
' h : Kinetic Energy + Mean Field

(h — 1 A ) (U) I (U) A : Pairing Field
— U &V : HFB Wave Function
a —h+4 4 V A : Fermi Energy

HFB can treat the mean-field and pairing field on equal footing
(HFBCS treats pairings in a perturbative way (independently) on top of HF)

Matrix Element of Pairing Field

Aij = Ar=gij +A71=1,i;

Isoscalar Isovector ( Inn)
T = 0) = — (lpn) — Inp)) T = 1) = {—=(ipn) + [np))
= _\/7 pn np =Y\ p p

\ lpp)



Shell Structure of 139Cd
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Ar—o 1S neglected due to large difference between p & n shells
Ar—1 1s determined from an odd-even mass difference (force strength)



Quasiparticle Random Phase Approximation (QRPA)

QRPA phonon creation operator

0F = > Xonhfthh = Vonthihy
pn

QRPA equation in Canonical Basis
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T = 0 pairing can be significant in case of
excited states, especially of Gamow-Teller States



Pairing correlation in Skyrme HFB+QRPA

Phenomenological pairing force

2
VT=1(T1,T2) — fZ(WL + Bipo- — HiPT — MiPO'PT) e_r122/ﬂi2
i=1
Gogny D1S is adopted for T = 1 pairing force

f can be determined from odd-even mass difference (f = 1.0 in this work)

T=0 pairing correlation has less info than T=1 pairing

T=0 pairing force adopted

VT=O(ZI N, 11, 7"2) (e_.u'lr122 — Ze_.u'27”122)

Determine Model Parameter V(Z, N) through expt. data




HFB+QRPA Model Space, Pairing Gap, Half-life for 128Cd
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FIG. 2. (a) Average pairing gaps of proton (p) and neutron (n)
and (b) B-decay half-life of '**Cd as a function of the cutoff energy
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2. Estimate V(Z, N) of neutron-rich nuclei using V., (Z, N)

Our STRATEGY

1. CollectV =1V,,, optimized to T, in NUBASE2016 (950 nuclei)

3. Predict T, with the estimated V(Z, N)

2
X ==

Bayesian Neutral Network (BNN) is used

>

n=1

Spherical

J

— Vi
] Sx:w) = a-l—thanh(cJ, de

I

Model Assumptions

Pairing

4 N/
[y =120 >0

@

Finite-Range

\ Pairing Force /

D

)

Odd Nuclei

Kas Even-nuclei

described in the same way

/

one hidden layer
H=30: number of neurons
I: number of inputs

/ Effective force \

SkO’

reproducing

N

GT & first-forbidden transitions (0, 1-, 2°) are included



RESULT



FM, ZM Niu, HZ.Liang, PRC106, 024306 (2022)

Vopt Optimized to T,, in NUBASE2016 Result of Vgyy learnt from V. with BNN
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1) large V,,,, at magic numbers Tcalc
(1) large Vop, at mag T{/5°(***Ru)=9.0£0.2 ms

(2) Vope = 0 between magic numbers



. Ty > Tmax@

Verifying Vg Tor Predictions

Ty, < TMO Test data of BNN
Taiy Number of ~ Number of
Setting () training data, x  test data r S
I [.00 569 381 —0.080 0478
2 0.50 626 324 —0.020  0.494
3 0.10 776 174 —0.085  0.335
4 0.05 841 109 —0.031  0.270

Training Data of BNN  nean

1
Deviation r‘ﬁzri'

Standard  _ jl (ri — 72
Deviation N Z

¥~ —0.03
-7 % underestimation
on average

s = 0.27
- within a factor of 1.86

—>Expect that Vg & T4, are predicted within the same accuracy:.
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Deviation from exp T,,, Comparison with exp and other models
for Kr, Rb, Cd, In isotopes
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Mean
Deviation

Standard
deviation

Compare other models by focusing T, < 10° s

o800 (@) | !’,,/! TABLE II. Mean deviation 7 and standard deviation s grouped
E 600 | .’A e T by the even-even (E-E). even-odd (E-O), odd-even (O-E). and odd-
g . odd (0-O) nuclei for T[%* = 10s. The results of the pnQRPA
3 200 g thfsﬂviﬁm e calculations with Vgnn (this work), D3C* [6]. and pnFAM [18] are
09 ©) | | compared.
02_ }Oﬁ_—*“e'flf_{{)_é
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0.0 -

ThaX(s) D3C*: T. Marketin et al, PRC93, 025805 (2016).
pnFAM: Ney et al, PRC 102, 034326 (2020).

The current result is better than D3C* and comparable to pnFAM



New exp. of RIKEN RIBF measured in 2020

55 data, of which 14 are newly measured
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New exp. T,,, are reproduced within a factor of two



Impact of new expt. data on T=0 pairing strength & half-lives
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r-process simulation
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Theoretically the shortest half-lives?
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Kratz-Hermann formula

-b " Kratz-Hermann formula
Ty/2 ~ a(Qp — C) Relation between T1/2 and QB K.-L. Kratz, G. Herrmann, Z. Phys., 263 (1973), p. 435
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Delayed neutron branching ratios within QRPA+HFSM
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Delayed neutron branching ratios within QRPA+HFSM
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Proton Number

Delayed fission branching ratios within QRPA+HFSM
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Theoretically, nuclei that emit delayed-neutrons the most?

PNRQRPA (D3C*)+HFSM

125Rb  (n) = 8.144
FRDM+QRPA

LiNietc. (n) = 10

P. Moller et al, Atomic Data Nucl. Data Tables 125,1(2018)



Summary
Predict T,,, by isoscalar pairing predicted by BNN

v Known measured T, are reproduced well
v Newly measured T,,, are also reproduced

The result is used for JENDL-5 Decay Data & r-process simulation

Further study Is needed for

v Uncertainty of SkO’ effective force

v Impact of P, (not P,,) on r-process

v Particle emission from direct or preequilibrium process
Is always compound state true?

v Deformation Effect
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Fig: Comparison with exp and other models
for I\/Io(Z 42), TC(Z 43) Sm(Z 62) Eu(Z 63)
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Underestimations arising from spherical shape assumption
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