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Outline of the talk:

 B-decay of even-even isotopes and the 1* states

1 B-decay of odd-A isotopes

 Role/Influence of First Forbidden Transitions

1 B-delayed neutron emission as a spectroscopy tool




Interpretation
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Figure 5. Spectrum of Si obtained with the Florida State University (E
compared to experiment. The length of the horizontal lines are proporti
momentum, |. The experimental parity is indicated by blue for negative
parity. Experimental spin-parity, |, values that are tentative are sl those with
multiple of no | ™ assignments are shown by the black points. The, are obtained
with the FSU Hamil with pure A ¢ = 0 (green) and
A = 2 (red) and negative for A = 1 (blue).
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B- decay of
n.eutron—rich nuplel

Parent

U Large Q4 values (15 MeV) B-delayed

O Smallt,/, (could be less than 10ms) neutron emission

O Lower S, values in daughter ?

O Higher probability of delayed neutron T
emission Oﬁ

O Neutron and proton Fermi levels in -
different shells B

O Parent and daughter ground states likely l
have different parities

Q First Forbidden transitions likely Daughter

- Need to benchmark the beta-decay properties
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FIG. 1. (a) Decay curve derived for ’Si from f-correlated implants within the same pixel for 1000 ms along with the fit used to extract
half-life and the initial activity. The components of the fit are (i) exponential decay of parent, “°Si, (i) exponential growth and decay of
daughter nuclei, P (8), P (f-n), *P (8 — 2n), and (iii) exponential background. Known half-lives were used for the daughter nuclides [18].
(b) Decay curve from (a) in coincidence with y transitions in the daughter “p. The data are fitted to an exponential decay function with a
constant background. (c) Partial -delayed y spectrum observed for 30 ms after a i implant, with the new transitions in *’P marked by
energy, as well as those from **P populated in 8-delayed one-neutron emission.

V. Tripathi et. al., PRC 95, 024308 (2017)



the phase (sy2 — $12 = 1.414; dsjp — dsjp = 1.67; dsjp — dap =

1.79:d30 — dspp = 1.719;d3p — dajp = 0.89; f10 — fr2 = 1.85).

FIG. 4. Partial level schemes of ¥*3¢3340p (N =

° L 34Si 368i
Even-even
38Si, 40Si decay
° ° Sn(keV)= 6283(1) 3465(13)
4151 10425
3 + +
T -
e ——T (1°2.3"
e 2 3 401091
i 4 . 1+
e e— — -1 4.62
52 = = = = 1/2| 0 2
1 (8}] 1 ) 1 3 +
17389
+
L 1'37
3.621 3.35(18)"
¥ o 4.45(8)_1_
E% 04 ; ¥
Iy i l 1 4.73
b .,le7 b, & ' | In
o + - -
S il si:  zz
04 3
T i 1 4321 1" 17451 T
Y U] @) @ = = = = =
@w ® B “ E
FIG. 6. Gamow-Teller matrix elements (M ¢;) for the 17 states in jom) &= o = -
16.38.40p decomposed into orbital components. The matrix elements 34 -g. 36 E
have been normalized to the single-particle estimates ignoring P n P w

38Gj 40Gj
3740(90) 3320(140)
4.79(7) 1 14.22
431(7)1_ 1* 472
+ 17416 v
4.02011) 1" -5 5 5400617+
45411 L4351 1 5.86
17518 ,
s13) (1) = 2 .
—0 7
4
4,3 3
2"3' 3
o @) 2
& E -
= 0 H o
38 40
P = P>

W

MeV

[3¥]

V. Tripathi et. al., PRC 95, 024308 (2017)

19,21, 23, 25) as obtained in the 8 decay of the corresponding Si isotopes. New information

from this experiment is depicted in red. Data for *3¢p are from Refs. [22,25]. Results of shell model calculations using the SDPF-MU interaction
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Weaker pn interaction in very neutron-rich nuclei
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FIG. 17. B decay of even-even S isotopes from A = 40 to 46. Data for “**’§ are from NNDC [31]. Only the 1+ states expected to be
populated via allowed GT transitions along with SM prediction are shown. As mentioned in the text we could not isolate the weakly populated
bound 1+ state in *°Cl. The focus is to illustrate that with increasing neutron number the GT strength imbibed by the 17 states moves to higher
energies eventually residing in the neutron unbound states for “°S,
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FIG. 10. Partial level scheme of **P as established in the present 5~ decay of *Si. The measured absolute branching, half-life, and Qp-
[17] were used to calculate the log ft values [19]. The shaded box indicates the states which are presumed to be directly populated in the
decay of *Si and are candidates for intruders states with negative parity.
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Even Z vs Odd Z
decay

B~ decay of *" Al similar to the most recent work [7]. The measured 1,(%)
half-life and Py, value are also shown. The measured absolute apparent
branching, half-life, and Qg4 [17] were used to calculate the log ft

values [19] of the excited states at 717 and 1270 keV. Shell-model

calculations (see the text for details) employing the SDPFSDG-MU

interaction [10,11] are also shown alongside.

B. Abromeit et. al., PRC 100, 014323 (2019)

(%)

L J
45
Cl
F=32"
37 T =+1172
Al Q= 1640 (15) MeV
T,=11L3#) ms .
= I’”.=52(S) % log fi
————————— S, = 2.27(11) MeV ¥
1880 5.3 32" .
" o o 1570 _5.16_5/2 8(3) (3/2+)
= S 8 Mo
5.16(5) 9.6 (9) = - - (D) 1m0 65 72
100 st
Qo 3 172)
4.72(3) 31.3(9) v, 717(1)
550 4.67 32 .
3y 32,
248 37 203) 12
~0 Z v lgg(}) o R 18(3) ;g
logfi 1(%) - 4 2 6 L T 22(9)
gi SDPFSDG-MU )
-0 32
FIG. 3. Partial level scheme of *7Si as established in the present 712

Q= 11.51(14) MeV
T, , = 513(36) ms

————————— 8, =5168.9(17) keV E I logft
w639
- " 4.96
h R : 5.65
oa o 26432 5.52
4326(3)—» 4264 B 24
= 3946(2) —» 3978 T 539
3
3296(2)~ 1224 52 4.98
2757(2) 172
R— |
= &l F 2 5. 512"
5 E E a 5260 32 5.26 -
* B
141 8(2) 1601 :.'4’2',11‘2'
® § E & 5 1340(1) 1182 1
~ - — - -
r A 4 ¥ 542(1) " n
g
1plh  0pOh
i 0 ¥m'
45 Ar FSU Shell Model

S. Bhattacharya et. al., PRC 108, 024312 (2023)

I. Cox et al., Phys. Rev. Lett. 132, 152503 (2024)



Even Z vs Odd 4
decay 24 23 2

3/2,5/2°,7/2" (1p1h)
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FIG. 14. Simplistic visualization of the 8~ decay of *’Al, *’Si, and *’P to show the dominant configuration of the parent ground state and
the corresponding state that is created in the daughter nuclei. The shaded boxes represent filled orbitals. The solid boxes show the hole created

N B. Abromeit et. al., PRC 100, 014323 (2019)
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"Role of
. FF transition§

Tys2 (Ms)

Si (z=14)

41Si: PLB, 252 (2004)
FRIB: Crawford et al, Phys. Rev. Lett. 129, 212501

5
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FIG. 14. Comparison of measured 7;,> values for P and S iso-
topes from N = 22 to N = 30 with shell-model calculations using
the SDPFSDG-MU interaction [13]. The numbers in the red box are
from the current data set while others are the evaluated values from

NNDC [31].

[13] S. Yoshida et al., PRC 97 054321 (2018); Erratum

V. Tripathi et. al., PRC 106, 064314 (2022)



"Role of
. FF transition§

in this work

TABLE II. Comparison of the measured half-lives (73,,) and SM
predictions discussed in the text [15] for the P and S isotopes studied

Expt.

SM

Nuclide (noy)

T2 (ms) Ty (ms)
y-gated

Ty (ms) Ty (ms)

JT(E™Y) GT+FF GT only

Yp 37.5(22)
“p 18(1)

Hg 125.5(25)
46g 41(4)

2p 47.1(20) 49.5(25)

0~ (0 MeV) 36.982  55.969
17 (0.13 MeV) 44198 56.085
27 (0.19 MeV) 53.294 61.616
37 (0.29 MeV) 60.898  64.127
47 (0.41 MeV) 66.198  68.429

1/27 (0 MeV) 28.337 31.709

0~ (0 MeV) 16.643  21.597
17 (0.27 MeV) 18.026  23.872
27 (0.35MeV) 24700 29.081
07 (0 MeV) 121.273 129.352
0™ (0 MeV) 36.808 40.536

©

P (%)

100 -
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== GT only
— GT +FF
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e FP(Exp.)
m S(Exp.)

P (Z=15)

S (£=16)

24

28 30 32

Neutron number (N)

V. Tripathi et. al., PRC 106, 064314 (2022)
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FIG. 4. Partial level scheme of 2§ following g decay of 42p with a T2 = 47.1(20) ms and Qﬁ_ = [8.73(10) MeV. The transitions marked
black were known before, whereas red indicates the new transitions. The absolute branching for each level was calculated using the measured

yield in the gamma transition, total number of implants from the decay curve, and the y detection. The width of the arrows are approximately

proportional to the absolute intensity. The log ff values were calculating using the logft calculator [31]. For levels above 5 MeV, they represent
GT transitions while below indicate FF.
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. ‘ V. Tripathi et. al., PRC 106, 064314 (2022)
3P decay
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“ . V. Tripathi et. al., PRC 112, 024320 (2025)
4Cl, 4'Cl B decay

TABLE I. Measured and calculated 1), values for 46471, Shell TABLE VI. Measured and calculated delayed neutron emission
model calculations (GT only and GT+FF transitions) were per- probabilities in percent. O, values for *Cl and *'CI are also noted
formed for “**'Cl using the Vyy interaction [26]. For the parent [401].
nucleus, several calculated levels at very low excitation energy E*
with different spin-parity were considered for the 8 decay and the Isotope  Qp,(MeV) — J7  B(Exp)  BVww)  FuVwmu)
corresponding 7}, values are listed. The half-lives in boldface are % GTH+FEQep  GT.0ey
those closest to the experimental values and indicate probable candi- 16.04(10), 07 75(15) 34.90 43.34
dates for the spin-parity of the parent ground state. 6 7.960(100),, 1- 23.83 26.01

2.80(14),, 2- 23.17 27.57
Isotope Ty (ms) 3 32.28 38.28
Exp. JT  E*(keV)  GT+FF  GT 15.7920),  1/2%  98(12) 86.13 96.22
47 ,
e 201(16) ms 0~ 0 2714 345.9 cl 131()2((}2)0).,1 342 77.36 87.04
- 310 2219 2557 _
2- 160 240.8 287.6
3 370 333.8 400.7
e 109.525)ms  1/2F 0 82.9 103.5
3/2+ 30 109.5 129.3

©



45Cl S. Bhattacharya et. al., PRC 108, 024312 (2023)
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FIG. 8. A partial level scheme of *Ar from this work following the S0n-decay of **Cl is shown on the left. The level scheme deduced
from g 1n decay of *’Cl is shown on the right. Alongside are predictions from shell model calculations using the FSU [25] and Vi interactions
[26]. The positive-parity states are Op0h states while the negative-parity states are 1plh states with excitations across the N = 20 shell gap.
The first ten positive-parity states are shown for both, while negative parity states (0~, 17, 27, and 3~ only) are shown up to 7.0 MeV. The
neutron separation energy S, is 8071.8(24) MeV for 46 Ar [40].
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FIG. 7. (a) y-ray transitions observed in coincidence with the
542-keV transition in **Ar from the B1n channel of “C1 decay. (b) y-
ray transitions observed in coincidence with the 542-keV transition
in “*Ar from the B2n decay of *1C1. Two-neutron emission from the
unbound states in 7 Ar feeds only positive-parity states in *SAr while
a negative-parity state is strongly populated in **Cl g1n decay. The
*6CI ground state likely has J* = 1~ or 27, see Sec. Il A while for
4C1, J7 = 3/27 is favored.
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Summary & Outlook :

Q p-decay of Si, P, S and CI near N=28 was carried out at NSCL using a

Ge/Si DSSD as an implant detector surrounded by SEGA/16 Clover

detectors for delayed gamma spectroscopy.

Work to be extended at FRIB

The trends of half lives and beta delayed neutron emission probability,

Pn, were compared with SM calculation using the SDPF-MU

Interaction/FSU interaction

O As we approach N=28, the decrease of S, values and the transfer of GT
strength to higher energies leads to large P, approaching 100%.

O Influence of First Forbidden transitions in the beta decay was observed:
reducing t,,, and P,

Q
Q
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