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Nucleosynthesis of heavy elements: competition b/w neutron capture

and S decay

The origin of most atomic nuclei with masses heavier than the iron group elements is attributed to
neutron capture nucleosynthesis

slow neutron capture process (S—pl‘OCCSS)

S-process

neutron capture << beta decay.
— Isotopes near stability are synthesized.

rapid neutron capture process (r-process)

neutron capture >> beta decay.

— Explosive environment! r-process
— High temperatures (7 ~ 10° K), and z " stable
neutron densities (> 102 neutrons/cm?). meassured
— Isotopes far from stability are synthesized. 8 = FAR
v
5 N
Fig. taken: A. Arcones et al., Astron Astrophys Rev 31, 1 (2023). T. Kajino et al., Progress in Particle and Nuclear Physics 107, 109 (2019).
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Nucleosynthesis of heavy elements: competition b/w neutron capture

and S decay

The origin of most atomic nuclei with masses heavier than the iron group elements is attributed to
neutron capture nucleosynthesis

slow neutron capture process (S-pl‘OCCSS)
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rapid neutron capture process (r-process)

neutron capture >> beta decay.

— Explosive environment!

— High temperatures (7 ~ 10° K), and
neutron densities (> 102 neutrons/cm?).

— Isotopes far from stability are synthesized.

Solar system abundances (28Si

1[‘)0 léO
Mass number A
o About half of the elements heavier than Fe are produced by r-process
@ Lots of neutron-rich nuclei involved around A ~ 195, for ex. Au, P%,...
o The r-process abundances strongly depend on several nuclear inputs like nuclear masses, neutron

capture rates, [3-decay rates, and 3-delayed neutron emission process...
Fig. taken: A. Arcones et al., Astron Astrophys Rev 31, 1 (2023). T. Kajino et al., Progress in Particle and Nuclear Physics 107, 109 (2019).
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Importance of 5-decay half-lives and 5-delayed neutron emission

probability in astrophysical environments

B-decay half-lives B-delayed neutron emission probabilities
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Fig. 14, mporant i-decay halElives in four astrophysical environments (a) o enteopy hot wind. (b) hgh entropy hot wind. (c) cald viind ang Fig. 15 Important A-delayed neutron emitters in four astrophysical environments (a] low entropy hot wind, (b) high entropy hot wind, () cold win

() neutron. star merger with stable isotopes in black. Estimated neutron-rich accessibility limit shown by a black line for FRIB with intensity of 10 and (d) neutron star merger with stable isotopes in black. Estimated neutron-rich accessibility limit shown by a black line for ERIB with intensity of 10

particles per second [206]. particles per second (2051,

Credit: M.R. Mumpower, et al., Prog. Part. Nucl. Phys. 86, 86(2016).
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Importance of neutron capture rates in astrophysical environments

Proton Number (21

Neutron Number (9

Fig. 16. Important neutron capture rates in four astrophysical environments (a) low entropy hot wind, (b) high entropy hot wind, (c) cold wind and

)
(d) neutron star merger with stable isotopes in black. Estimated neutron-rich accessibility limit shown by a black line for FRIB with intensity of 10~*
particles per second [206].

Credit: M.R. Mumpower, et al., Prog. Part. Nucl. Phys. 86, 86(2016).
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Variance from the uncertain nuclear masses in abundance patterns
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Figure 3. Variance in isotopic abundance patterns from three uncertain nuclear mass model predictions (HFB-17, DZ, and FRDM1995)

compared to the solar r-process residuals (dots). Darker shaded band represents the same monte carlo simulation with each mass model

rms error fixed at 100 keV.
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Credit: M.R. Mumpower, et al., Prog. Part. Nucl. Phys. 86, 86(2016).
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Variance from the uncertain S-decay and neutron capture rates in
abundance patterns

Fig. 11. Variance in isotopic abundance patterns from uncertain -decay half-lives, panel (a) and uncertain neutron capture rates, panel (b). The same
three nuclear mass model predictions (HFB-17, DZ33, and FRDM1995) and the same main (A > 120) r-process conditions are used as in Fig. 10.
Source: Simulation data from [200].

Credit: M.R. Mumpower, et al., Prog. Part. Nucl. Phys. 86, 86(2016).




Experimental facilities worldwide to measure the 3-decay properties
Recent experimental facilities worldwide aim to achieve precise nuclear properties:

> Nuclear masses
> Beta decay properties like 5-decay half-lives and S-delayed neutron emission probabilities.

GSI ESR
Ring: Mass

Jyvaskyla

[l

Trap: Mass
TRIUMF Trap: Mass ™ 1

NSCLT,,,P,

Figure 9. Recent r-process motivated experiments measuring masses or (3-decay half-
lives 72 at various radioactive beam facilities. The colors of the legend boxes match
the colors of the chart and denote a specific facility or experimental collaboration. The
pink area denotes the reach of the future FRIB facility.

Credit: CJ Horowitz et al, J. Phys. G: Nucl. Part. Phys. 46 083001 (2019).
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Gamow-Teller transitions strength of neutron-rich N = 82 nuclei

Gamow-—Teller (GT) strength distributions have a peak in the low excitation energies and this peak,
dominant by v0g7/» — m0go/, transitions is enhanced on the proton-deficient side because the
Pauli-blocking effect caused by occupying the valence proton 0gg,, orbit is weakened.
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Aim of this study

=126

[ ldentified
@ Known half-life
O r—process waiting point

> Fig. taken: A. Evdokimov et al., “XII International Symposium on Nuclei in the Cosmos”, PoS, (2012).




Aim of this study

Parent nuclei to be considered:
52 < Z <79 with N= 126, 125

)

f

B- decay
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> Fig. taken: A. Evdokimov et al., “XII International Symposium on Nuclei in the Cosmos”, PoS, (2012).




Aim of this study

Parent nuclei to be considered: To investigate the B-decay properties like half-lives

52 <z <79 with N=126, 125 (T 2) and B-delayed neutron emission probabilities
7 (Pn)

B- decay

<%

Recent developments in large-scale shell model
calculations like methodology, effective interactions,
and the advent of computational resources (Fugaku
supercomputer) offer the opportunity to conduct
demanding large-scale calculations.

v
Identified
@ Known half-life . .
O r—process waiting point To discuss the systematic study of Gamow-Teller
strength distributions J

> Fig. taken: A. Evdokimov et al., “XII International Symposium on Nuclei in the Cosmos”, PoS, (2012).
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Aim of this study

Y| v nuclei to be considered: To investigate the B-decay properties like half-lives
| B2 =% = 79 wilin W= 1265, 128 (T 2) and B-delayed neutron emission probabilities
7 (Pn)

B- decay

Recent developments in large-scale shell model
calculations like methodology, effective interactions,
and the advent of computational resources (Fugaku
supercomputer) offer the opportunity to conduct
demanding large-scale calculations.

[ ldentified
@ Known half-life
O r—process waiting point

To discuss the systematic study of Gamow-Teller
strength distributions J

@ Many nuclei are particularly important to the r-process nucleosynthesis
@ The predicted B-decay half-lives play crucial role in determining the r-process time scale around the 3™-peak
@ Poor experimental information about the beta decay around A ~ 195

> Fig. taken: A. Evdokimov et al., “XII International Symposium on Nuclei in the Cosmos”, PoS, (2012).
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Nuclear shell-model
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Nuclear shell-model

A shell model calculation needs the following

S - - (126) ingredients:
—
i - —— Solve Schrondiger’s Equation
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@ An efficient computer code to diagonalize the
large-scale Hamiltonian matrix
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Shell-model calculations: valence space

> Define a Core: lowest inactive region

> A valence space

sd - valence space oot Valence nucleons interact through interactions
@ Proton ! @ Neutron Nll'l:lfﬂl’ls > E |
N 1 e B xternal space
S — o . . . . . .
< ' 1 j Effective Hamiltonian usually consists of single-particle energies
S| — .
& ; 00| 8 (SPEs) and two-body matrix elements (TBMEs)
s : SPEs takes, e.g., from core+1 nucleon spectrum
T Ll 0d . .
& T o ‘2' TBMESs: Two-body interaction among valence nucleons
Y —_—lsn
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Present shell model calculations: valence space
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Present shell model calculations: valence space
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Present shell model calculations: valence space

Valence space in the present calculation

V
N=126
0i13/2
2p1/2
2p3/2
1£5/2
I /)
T[ ——0h9/2
2=82 N=82
0h11/2
2s1/2
1d3/2
1d5/2
0g7/2
Z=50
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Present shell model calculations: valence space

Valence space in the present calculation

Inclusion of first-forbidden g decay

v > For nuclei within this region, protons and neutrons occupy
N=126 different shells with different parity

+ oisp

2p1/2

2p3/2

1572

- 1772

It = 0nop y
2=82 N=82
0hi1/2

25112 +
1d3/2 +
1ds/2 +
0g7/2 +

Z=50

Anil Kumar (CCS, TU) Shell Model Studies in Nuclear Beta Decays November 12, 2024



Present shell model calculations: valence space

Valence space in the present calculation

Inclusion of first-forbidden g decay

v > For nuclei within this region, protons and neutrons occupy
N=126 different shells with different parity
> When undergoing with 3 decay, only one Gamow-Teller transition
A 0il32 v0hgjy — 70hyy; possible with same parity (AJ = 0, +1,
= op1p Anm = No)
= 2p32
- 1f5/2
- 1712
Tl - 0h9/2 )
2=82 N=82
0h11/2 e
2s1/2 +
1d3/2 +
1d5/2 + GT
0g7/2 +
Z=50
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Present shell model calculations: valence space

Valence space in the present calculation

Inclusion of first-forbidden g decay

v > For nuclei within this region, protons and neutrons occupy
N=126 different shells with different parity
> When undergoing with 3 decay, only one Gamow-Teller transition
+ 0i13/2 v0hgjy — 70hyy; possible with same parity (AJ = 0, +1,
2p1/2 Anm = No)
FF - 2p32 . .
i 1652 > Due to parity change between two different shells of proton
_ 10 and neutron, becomes important to the consideration of
Tt - 0h9/2 first-forbidden transitions (AJ =0, 1,2, Awr = Yes)
7=82 N=82 o
0hi1/2 R
2s1/2 +
1d3/2 +
1ds/2 + GT
0g7/2 +
Z=50
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Present shell model calculations: valence space

Valence space in the present calculation

Inclusion of first-forbidden g decay

v > For nuclei within this region, protons and neutrons occupy
N=126 different shells with different parity
> When undergoing with 3 decay, only one Gamow-Teller transition
+ 0i13/2 v0hgjy — 70hyy; possible with same parity (AJ = 0, +1,
2p1/2 Anm = No)
FF . 2p372 . .
i 1652 > Due to parity change between two different shells of proton
_ 10 and neutron, becomes important to the consideration of
Tt - 0h9/2 first-forbidden transitions (AJ =0, 1,2, Awr = Yes)
7=82 N=82
0h11/2 -
2s1/2 +
32+ Kuo-Herling hole: KHHE Hamiltonian [1] and modified in [2]
1d5/2 + GT
0g7/2 +
Z=50

KSHELL: MPI + OpenMP hybrid code [3]

> [1] E. K. Warburton et al., Phys. Rev. C 43, 602 (1991).

> [2] C. Yuan et al., Phys. Rev. C 106, 044314 (2022).

> [3] N. Shimizu et al., Computer Physics Communications 244, 372 (2019).
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Previous shell-model studies of

T. Suzuki et al.

[-decay near N = 126

). Zhi et al.

@ N =126 isotones with Z = 64 — 78

@ N =126 isotones with Z = 66 — 73

@ Utilized original KHHE Hamiltonian

@ Truncated model space used for N = 126 isotones

T T T T T T T
N =126 = KHHE original |
-~ Present

-$- Expt. T

N

@ Utilized slightly modified KHHE Hamiltonian by C. Yuan

et al.

@ Performed full model space calculations for N = 126
isotones

@ Extend N = 126 isotones chain to proton deficient side

@ Also included N = 125 isotones chain in addition to
N = 126 isotones

@ Discuss the distribution of Gamow-Teller strength

b L L L L
2 3T 776

P> Q. Zhi et al.. Phys. Rev. C 87, 025803 (2013).

> T. Suzuki et al., Phys. Rev. C 85, 015802 (2012).

> T. Suzuki et al., The Astrophysical Journal 859, 133 (2018).
o

P> C. Yuan et al., Phys. Rev. C 106, 044314 (2022).
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Shell M

@ Correctly reproduced the ground state (g.s.)
spin-parities from the presently used
Hamiltonian for experimentally known
N = 126 nuclei.

@ Excited states also reproduced reasonably

@ Correctly reproduced the experimental
ground-state spin-parities except for 204 Au.

@ 204Au: experimentally predicted g.s. (27),
while SM predicted g.s. to be 0~. The SM 2~
state is very close to the g. s., with an energy
lying at 10 keV.

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys. Rev. C
109, 064319 (2024).
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Q(F7) (MeV)
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Shell model predicted Q(8~) values of
N =126, 125 isotones are compared with available
experimental data and with different theoretical
model calculations

Q(B7) = Eb — EX + om,

where the 6m = 0.782 MeV.

@ Shell model excellently reproduced the
available experimental values

@ Odd-even staggering is also observed
similar to that observed in the FRDM19
and KTUYO0S5 models

@ Demonstrating a consistent trend with
other theoretical models, such as
FRDM19 and KTUYO0S, the predicted
values are slightly smaller on the
proton-deficient side.

> FRDM19: P. Moller et al., Atomic Data and Nuclear Data

Tables 125, 1 (2019).

> KTUYOS: H. Koura et al., Prog. of Theo. Phys. 113, 305

(2005).
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B-decay theory

Partial half-life:

tip = ;, where k = 6144 sec,
and f is the dimensionless integrated shape function, which can be expressed as
wo
f= / Cw)(W? = D'Pw(wy = w)2Fo(Z, w)dw,
1

where w is the total energy of the electron and wy is the maximum energy of w.
The theoretical shape factor C(w) is defined as
2yk,
CON = 37 A | Miclher ko (ks k) = 22 Mk ki (Kes ko) |.
ke ky K ere

The shape factor C(w) for the Gamow-Teller transition is defined as

IMar|?

GT > - . .

—_— H. Behrens, W. Biihring, Electron Radial Wave Functions and Nuclear Beta-Decay (Clarendon
2"! + 1 Press, Oxford, 1982).

C(w) =
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B-decay theory
For first-forbidden g decay, the form of the shape factor C(w) can be written in simple way

C(W) = K() +K1W+K_1W_l +K2w2,

where, the coefficients K,(n = —1, 0, 1, 2) depend on the first-forbidden nuclear matrix elements.

nd C = 1/v27; + 1,

f GT and FF nuclear matrix elements, where 4 = —ga /gy = 1.2701(25),
)+ AEc — dm.
Transition Rank Notations Nuclear matrix element (NME) NME in non-relativistic approximation
GT 0 Mgt Aflloe_||i)
FF 0 M A3{lir[C ® o7]%_||iYC
M V3 {lyst-liyC -W3{fl|(i/My)[o ® V]%_|li)C
1 x ={fllirCyt_||i)C
&'y —(fllaz-|lHC Eyx
u V2(fllir[Cy ® o] '1_|li)C

2 z —=22{f|lir[C1 ® a]?t_|]i)C
November 12, 2024

Shell Model Studies in Nuclear Beta Decays




B-decay theory

To make a comparison conveniently between experiment and theory, we define the average shape factor by

_f _6144s
D=5~

with fy

Wo
fo= /1 (W2 = 1)'2W(Wo — W) Fo(Z, W)dW
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B-decay theory

To make a comparison conveniently between experiment and theory, we define the average shape factor by

f 6l44s
(CW)) ==+ =
Jo fot
with fy
Wo
fo= [ = )W, - W2 W
1
Total half-life
Parent (i: initial ) Daughter (f: final)
1 1 2Xy

T2 = livof
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B-decay theory

To make a comparison conveniently between experiment and theory, we define the average shape factor by

f 6l44s
(C(W) =% =

fo fot

with fy
Wo
fo= [ = )W, - W2 W
1
Total half-life
Parent (i: initial ) Daughter (f: final)
o 1
Ty  liof

—_— }P"

[B-delayed neutron emission probabilities:

1 1
P,= — —
! Z limsf / limsf
Er>S, all f
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Lanczos method for strength distribution

o The B-decay half-lives are evaluated by including both the Gamow-Teller and the first-forbidden
transitions.

o GT strengths are calculated using the Lanczos strength function method [1].

@ The moment

Sk= D (Ey = E)*[(v|Oi)?

14

up to a sufficiently large k should be calculated. The Lanczos algorithm guarantees the correct
moment up to k = 2n — 1 with n Lanczos iteration starting with it} = O|i).
In this situation, one does not care about each (f]0]i).

o In this work, the GT strengths calculated with 250 Lanczos iterations to confirm sufficiently
converged results for N = 126, 125 isotones.

> [1]R. R. Whitehead, Moment methods and lanczos methods, in Theory and Applications of Moment Methods in Many-Fermion Systems, edited by B. J. Dalton, S. M. Grimes, J. D. Vary, and S. A.
‘Williams (Plenum, New York, 1980), p. 235.
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Lanczos method for strength distribution: Example “*Ca

, . \ . . \ . \
100 - +
30 4 F
1it. 50 it.
@ @
10 | ‘
04 . L : o, L I|. . || — i
0 5 10 15 20 [ 5 10 15 20
Energy(MeV) Energy(MeV)
\ . . . . . . .
100 +
30 F
5 it. 1000 it.
a &
10 | S
oL r — T . 04 gl 1‘5““4———,—1——,—.-»
0 5 10 15 20 0 5 10 15 20
Energy(MeV) Energy(MeV)

> Results from: E. Caurier et al., Rev. Mod. Phys. 77, 427 (2005).

Anil Kumar (CCS S S November 12, 2024



Lanczos method for strength distribution: Example “*Ca

L . \ . . \ . \ L . , .
100 - +
30 4 F 30 4 [
1it. 50 it. 50 it.

o 20 F 20 r
€] ch ad
@ @ o

10 | ‘ F 10 F

0 5 10 15 20 [ 5 10 15 20 o 5 10 15 20

Energy(MeV) Energy(MeV) Energy(MeV)
\ . . . . . . L . L . L
100 L
30 F 30 4 L
5 it. 1000 it. 1000 it.

o 20 ] L 20 r
§ ol i § 20 - 3
a a o

10 | F 10 | [

) T ——t ——t 0L Lot -WHUN-L——,J_.—-» o- r

0 5 10 15 20 0 5 10 15 20 o 5 10 15 20

Energy(MeV) Energy(MeV) Energy(MeV)

@ After 50 iterations, a good distribution is achieved, despite notable variations in individual strengths between 50 and 1000 iterations.

> Results from: E. Caurier et al., Rev. Mod. Phys. 77, 427 (2005).
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Monopole-based truncation

@ In case of first-forbidden 8 decay: due to the involvement of six operators,
the first-forbidden strength has been obtained by diagonalization of the Hamiltonian and calculated
strength for 50 eigenvalues for each state in the daughter nuclei

o Full model space diagonalized:
N =126 isotones with Z = 52 — 79 and
N =125 isotones with Z=52-59and Z=72-79

@ Due to the limitation of computational resources,
monopole-based truncation is applied on N = 125
isotones with Z =60 — 71
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Monopole-based truncation

@ In case of first-forbidden 8 decay: due to the involvement of six operators,
the first-forbidden strength has been obtained by diagonalization of the Hamiltonian and calculated
strength for 50 eigenvalues for each state in the daughter nuclei

n 2Ne v
o Full model space diagonalized: Pariionn
N = 126 isotones with Z = 52 — 79 and
N =125 isotones with Z=52-5%9and Z =72 - 79
@ Due to the limitation of computational resources, . . 5 . 5
monopole-based truncation is applied on N = 125 Eon : :
isotones with Z = 60 — 71 D Yy
o The total monopole energy of a given partition Pariion 1 0 1 ! ! 2
Pariion3 .0 ! 1 9 3 !
NP,] NP,}’ - 5]’] ) Partion2 .0 1 1 0 ! 2
Bp = D &N+ 2 Vi =
i<y artition 1~ 0 0 2 0 2 2
ﬁ ; 3 bt a het
o ~ © ~ (=]
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Monopole-based truncation

@ In case of first-forbidden 8 decay: due to the involvement of six operators,
the first-forbidden strength has been obtained by diagonalization of the Hamiltonian and calculated
strength for 50 eigenvalues for each state in the daughter nuclei

n 2Ne v
o Full model space diagonalized: Partionn
N = 126 isotones with Z = 52 — 79 and -
N =125 isotones with Z=52-59and Z=72-79 Truncaion
.. . . energy
@ Due to the limitation of computational resources, : . L. . .
monopole-based truncation is applied on N = 125 Eon : :
isotones with Z = 60 — 71 O R R
o The total monopole energy of a given partition Pariion 1 0 ! ! ! 2
Pariion3 .0 ! ! 0 3 !
NP‘] NPJ' - 5]] ) Partiton2 .0 1 1 0 ! 2
ZSNPJ+ZVmJ,—1+5JJ -
i<y artition 1~ 0 0 2 0 2 2
b, a 3 ":s o het
© ™~ - =] ~ =]
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Effective operators: Gamow-Teller

To make a comparison of the shell model calculated § decay rate with the experimental one, we used
effective operators in the calculations

Oeff =gx Ofree

where, the bare operator O™ is multiplied by a scaling factor (a name coined as a quenching factor in
several earlier studies.)

To address the quenching factor in GT transitions in this study:

GT transitions for quenching factor (g, = 0.54)

Transition |[Mar| log fot
Exp. SM(g=1) SM(g=0.54) Exp. SM(g=1) SM(g=0.54)
19py(5/27) »19Au(7/27) 0.114 0.297 0.160 6.45(1) 5.62 6.16
200Ay™(127) —2PHg(117)  0.349 0.608 0.327 6.1(3) 5.6 6.2
y
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Effective operators: First-forbidden

o The operators of rank 0, 1, and 2 in the first-forbidden S decay also required a quenching factor.

o To obtain quenching factors for all FF operators, we have minimized the chi-square function between
theoretical and experimental average shape factors by including unique and non-unique
first-forbidden transitions (two unique and sixteen non-unique transitions).

Experimentally know B~ first-forbidden transitions

120

205 Ay — 205 Hg— 205 100

206Hg s 206T]— 206pp (18 first-forbidden transitions)

20771, 207py, ¥

=
%]
=
by E w ()
s . §;\ 4 ®
Quenching factors adopted in the present study N =
T 20 = L]
FF 0
0 20 40 60 80 100 120
M5 MY x u z i
(C(W))"" (fm) Theo.
Present 041 1266 051 028 0.71

Q.Zhietal. 0.66 1266 051 038 042
> E. K. Warburton et al., Phys. Rev. C 44, 233 (1991).

) P> Q. Zhi et al.. Phys. Rev. C 87, 025803 (2013).
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Converged half-lives with monopole-based truncation [Ex. '°*Ho,
196Yh, and "SHf of N = 126 ]

M-scheme dimension

0 5 10 15 20 25

1 : Truneation energy (MeV)
Truncation energy (MeV)
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Converged half-lives with monopole-based truncation [Ex. '°*Ho,

196yh, and '3Hf of N = 126 ]

®
o (trun. @)

(@)

107

195Ho— 1 Er full
en 196V 19Ty full
oo OSHES ST, full
—o— Ho—"Er trun, - i (et )
—a— 196Yh 1%Ly trun, 0] —e— HE ., (. Q)
(a> e 1%H{19%Ta trun, 200

10°

M-scheme dimension

5 10 15 20 25 N
Truncation energy (MeV)

193H,, FF 190y, FF SHE FF

Q

15 1
i

D
Ex (MeV)




Result: Half-lives of experimentally known S decay

Shell-model predicted half-lives (sec) in comparison to the existing experimental data

N=125 N=126
202 203pp 20Ay W4p 2057y > Exp: A. L Morales et al., Phys. Rev. Lett. 113, 022702 (2014).
> . g i
Present 47 206 25.4 13.9 237 SM 2018: T. Suzuki et al., The Astrophysical Journal 859, 133 (2018).
Exp 153) 22(4) 37.2(8) 16%  32.5(14)
SM 2018 383
4

We introduce r as a measure of deviation

r=logo(T5}5/T75). Discrepancies of shell-model half-lives from the

experimental ones

and its mean value and standard deviation can be written as

- 7 o 100 10 n
F=-) ri

n £

=1 -0.18 0.17 066 148 5
and
n 1/2
o=|- Z(ri -l .
n i=1 A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys. Rev. C 109, 064319 (2024).

November 12, 2024
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Result: Half-lives of N = 126 isotones

--=- FRDMI19 N = 126
108F ~#*- KTUYO05 1 Present shell-model predicted B-decay half-lives for
-+~ SM (Suzuki et al. 2018 ) /’ N = 126 isotones are compared with different
-~ SM (Zhi et al. 2013) ¥ theoretical model calculations and existing
106F -4- Present (GT) ‘/ i experimental data.
—e— Present (GT+FF) ,/'
I Expt. K /l: > FRDM19: P. Moller et al., Atomic Data and Nuclear Data Tables 125, 1

(2019).
KTUYO05: H. Koura et al., Prog. of Theo. Phys. 113, 305 (2005).

SM: T. Suzuki et al., The Astrophysical Journal 859, 133 (2018).

—_

[
o
T

SM: Q. Zhi et al., Phys. Rev. C 87, 025803 (2013).

Half Lives (ms)

vyvyyvyy

Exp.: A. L. Morales et al., Phys. Rev. Lett. 113, 022702 (2014).

52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Z

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys. Rev. C 109, 064319 (2024).
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Result: Half-lives of N = 126 isotones

==~ SM (Swzuki ot al. 2018 )
-~ SM (Zhi et al. 2013)

10' —e— Present (GT+FF)
. 3 Expt.
oo}

2
C/ws
0
(4]
2
3
[
= 10
jus)
10

Present shell-model predicted B-decay half-lives for N = 126 isotones are compared with the previously shell model calculated and

existing experimental data.

T T T T T
_ -#- KHHE original |
N=1260 200 f

-$- Expt 1

72

)

> SM: T. Suzuki et al., The Astrophysical Journal 859, 133 (2018).

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys. Rev. C 109, 064319 (2024).
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Exp.: A. . Morales et al., Phys. Rev. Lett. 113, 022702 (2014).



Result: Half-lives of N = 125 isotones

-~ FRDM19

-#- KTUYO05

-+4- Present (GT)
—e— Present (GT+FF)

I’
L §  Expt. »
e

Present shell-model predicted S-decay half-lives for
N = 125 isotones are compared with different
theoretical model calculations and existing

experimental data.

[y

=)
3
T

—_
o]
=)

> FRDM19: P. Moller et al., Atomic Data and Nuclear Data Tables 125, 1

(2019).
KTUYO05: H. Koura et al., Prog. of Theo. Phys. 113, 305 (2005).

> Exp.: A. I. Morales et al., Phys. Rev. Lett. 113, 022702 (2014).

Half Lives (ms)

—_

[
o
T

—

=]
©
T

70 72 74 76 78 80

52 54 56 53 60 62 64 66 63
Z

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys. Rev. C 109, 064319 (2024).
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Contribution of GT and FF transitions in Half-lives

> The effect of first-forbidden transitions in the total
half-lives of N = 126 (top) and N = 125 (bottom) isotones

Half-lives contributions (%)

52 54 56 58 60 62 64 66 68 70 72 T4 76 78 80

Half-lives contributions (%)

52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
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Contribution of GT and FF transitions in Half-lives

> The effect of first-forbidden transitions in the total
half-lives of N = 126 (top) and N = 125 (bottom) isotones

> GT transition dominated by the vOhg/, — 70hy1 /2

Half-lives contributions (%)

YU —
12+ 0h 11/2 = 1
g
> NS ot
S N=126 S ]
= "
52 54 56 53 60 62 64 66 68 70 72 74 76 78 80 g I
g sf—0g72 Cpetes 1
o Pl 4 ;
=] o~ o
= 6r 1(15/2 * Vit pe 1
= S / W e
= = » o
o [
S =y (1’-; 9 / ya ]
2 Fals x %
£ A P N - e
= » 2 A v ~
£ L S1/9 ’ 1
g 204 I/Z‘/ P S 7
8 a-a” -~ 7 A
Z 0 P S o e Al
= 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82
Z

52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
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Result: Gamow-Teller strength distributions of N = 126 isotones

GT strength

GT strength

12

Ex (MeV)

> The GT strength peaks are observed at low excitation energies between 3-6 MeV and 5-7 MeV for even-Z and odd-Z of parent

nuclei, respectively.
> This peak, dominated by the vOhg/, — 70hy;; transition, is enhanced on the proton deficient side because the
Pauli-blocking effect caused by the occupying the valence proton O/ /5 orbit is weakened.

November 12, 2024
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Result: Total GT strength distributions as a function of 704/, orbit

=
=)

Occupancy Ohyy
[ D o

)

N =126

Protons

Protons

12

=
=)

Occupancy Ohyy
[ (=2 e

|

(=)

> As the proton number increases, the proton 0/, orbit becomes occupied, and simultaneously, the sum of GT strength

554556

26

68 70 72 74 76 78

(=)

52

545 5

026 6870727476

decreases due to the Pauli blocking effect, reaching almost zero near Z = 82.
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Result: S-delayed neutron emission probabilities P, (%)

100 - ~-=- FRDM19 |
--&- KTUYO05
—®&— Present

80

@ No experimental information available about
1 the B-delayed neutron emission probabilities
P, (%) in this region

60

P, (%)

40

20

of

52 54 56 58 60 62 64 66 68 70 72 T4 T6 78 80

> FRDM19: P. Méller et al., Atomic Data and Nuclear Data Tables 125, 1 (2019).
> KTUYO05: H. Koura et al., Prog. of Theo. Phys. 113, 305 (2005).

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys.
Rev. C 109, 064319 (2024).
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Result: S-delayed neutron emission probabilities P, (%)

1

P, (%)

00

80

60

40

20

~-m- FRDM19 |
- KTUY05
—®&— Present

N = 126

52 54 56 58 60 62

64

QB O 1

Anil Kumar (CCS,

@ No experimental information available about
the B-delayed neutron emission probabilities
P, (%) in this region

o Even-odd staggering due to phase space

> FRDM19: P. Méller et al., Atomic Data and Nuclear Data Tables 125, 1 (2019).
> KTUYO05: H. Koura et al., Prog. of Theo. Phys. 113, 305 (2005).

A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys.
Rev. C 109, 064319 (2024).

November 12, 2024
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Result: S-delayed neutron emission probabilities P, (%)

100 ~-=- FRDM19 |
--&- KTUY05
L —e— Present | o o . .

50 N =126 @ No experimental information available about
= oor the B-delayed neutron emission probabilities
AS Lol P, (%) in this region

20

o Even-odd staggering due to phase space
of
52 54 56 58 60 62 64 66

12

PlewsHr § |
= o ‘ *
=
\'g; Gr b > FRDM19: P. Moller et al., Atomic Data and Nuclear Data Tables 125, 1 (2019).
E al ] 4 > KTUYO05: H. Koura et al., Prog. of Theo. Phys. 113, 305 (2005).

s, [T
2r 1 A. Kumar, N. Shimizu, Y. Utsuno, C. Yuan, and P. C. Srivastava, Phys.
Rev. C 109, 064319 (2024).
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Summary and Conclusion:

Summary:

@ We have made large-scale shell model calculations to investigate the 8 decay properties of N = 126 and
N = 125 isotones (52 < Z < 79) with the inclusion of first-forbidden transitions. J

@ Good agreement between shell model predicted and available experimental data. J

@ The contribution from first-forbidden transitions are important, especially for nuclei around N = 126
region. J

o The present study of S-decay properties of waiting point nuclei around A ~ 195 will be add more
information in the third r-process abundance peak distributions. J

Future:

o Further, we will analyze the impact of the present calculated 5-decay half-lives and S-delayed

neutron emission probability on the r-process abundance distribution. J
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