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B-decay strength above neutron separation energy and
nuclear shell structure

* 240 and 25F decay (NSCL+FRIB)

« 51-54K decay (ISOLDE+FRIB)

« Statistical nature of neutron emission, and the width of
the neutron-unbound states after 8 decay
« 51-53K decay (ISOLDE)
« 448 decay (FRIB)
« 240 decay (FRIB)
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F

« 240 is doubly magic due to the N=16 shell closure (Kanungo2009,
Tsho02012)

* Due to the attractive p-n interaction, adding a proton to the ds,, orbital
will reduce the size of the N=16 shell gap

« The cross sections from 25F(p,2p)2*O suggest a strong reduction of the
N=16 shell gap in 2°F (Tang2020, Crawford2022)

» Interesting to investigate the evolution of the N=16 shell gap using the
240 (=2%4F) and 2°F (=>2°Ne) decay

« Both decays had been studied with y-ray spectroscopy (Reed1999,
Padgett2005)
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F
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Energy Loss (arb. units)

The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F

« The original USDB interaction shows good agreement for both 24O and 25F

USDB suggests a good N=16 shell closure in the ground state of both
240 and %°F
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F

« The original USDB interaction shows good agreement for both 24O and 25F N [
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The evidence of N=16 shell closure and f3-
delayed neutron emission from 240 and %°F
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Decay spectroscopy of °1->4K and the N=34
shell gap south of >*Ca

s0\f s1\/ s2\f sa\/ 54\ s5\/f s6\f s7\ se\/
« 54Cais a doubly magic nucleus with Z=20 and N=34 Bt |l | I
(Steppenbeck2013, Michimasa18, Chen2019) aoTi W soTi Il s Ti  =2Ti  ssTi  =Ti sTi  sTi  sTi

TRTT M 18,08 MaV 17.31 MeV 14.18 Mev 1323 MaV 12.41 MeV 11.09 Mat B.82 MeV 8.71 MeV

* No N=34 shell gap in %°Ti (Z=22) and >"V (Z=23) (limura2023) wSc | «Sc | wSc  #Sc =Sc =Sc uSc sSc  sSc

1889 Mal 18.37 Mav 1618 el 12,83 MeV 1213 May 11.86 Mey 10.08 MaV B2 MaV 7.22 MaV

o i = ?
What about potassium (Z=19)" #Ca | #Ca | sCa =Ca sCa =Ca =Ca =Ca s5Ca

17,648 Maly 17.23 MW 15.1 MV 11.51 Mev 1117 May 10,82 MeV B2 Mey T.04 MeV 541 MeV
* [ decay of ®'-54K reveal their ground-state properties
46K 7K 18K 49K s0l 51K (7] 14 saK 54K
15.78 MaV' 15.24 MeW 1301 May 10,04 Mew 2.58 MaW B05 Mal 7.55 MaW 582 Mta 4168 M
Protons  Neutrons e Lfs/_z 34 Vsl azAr 4sAr asAr soAr s1Ar s2Ar safAr
P/ VP12 P12 P13 /00 P+ 00 117aMeV  BT3MeV TEIMEY 702 MeV S5TMeV  4.23 MV 2.86 MeV
1 00 Vf5/2 afe VP40 af, VP10l
0000 4Cl #Cl 4Cl 4Cl sCl &Cl @ s2Cl
(p 3/2 Vp3/2 ,'[‘D 3/ 'Vpa/z ff,D»,y‘ 5 Vp3/2 B May T8 hiay BB MaW BUE2 MaV 416 May 2 59 May 1.4 MaV
28
e "7 T I F1r0 72 453 465 473 S 498
—UVVIVU— OOV 00 WOVOVVVY ——— WUV
7.20 MeV 6.3 MaV 5.6 MaV 4.33 MeaV 2.95 MeV
60Fe (Z = 26) 58Cr (Z = 24) 56Tj (Z = 22) 54Ca (Z=20) _

D. Steppenbeck et al., Nature 502, 207 (2013)
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Decay spectroscopy of °1->4K and the N=34

shell gap south of >*Ca
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Decay spectroscopy of °1-°4K and the N=34
shell gap south of >*Ca
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Decay spectroscopy of °1->4K and the N=34
shell gap south of **Ca

* N4, Ny, N3, and Ex can be extracted
simultaneously from the analysis VA A

hd |B=n1+n2+n3...

* lgis reconstructed as a function of Ex Ns
n2 Y2 Y3
Ex
N4 Vi
Z+1A-1

v
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Decay spectroscopy of °1->4K and the N=34

shell gap south of >*Ca

« 94K was measured at FRIB in Jan 2024

« Decay spectroscopy around %4Ca with both focal planes
of FDSi

* Over a hundred exotic isotopes were produced and
implanted at FDSi

* A new isomer was discovered in %4Sc (Ogunbeku2025)

* 15 new half lives were extracted (W.-J. Ong et al., under
peer review)
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Decay spectroscopy of °1->4K and the N=34
shell gap south of >*Ca

2000

TT

E21069B (W.-J.Ong etal) -~ = - ..
1800 A1 S

1600
1400
1200
1000
800
600
400 .*“: L":Ll

200 .

,I1[I‘-TI]JITIIITII]1]FIIIIIlllllllll‘[l

15 10 5 0 5 10 15 20

|
N
o

THE UNIVERSITY OF

TENNESSEE @ §

KNOXVILLE



Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

« Become neutron-unbound at low Ex (neutron
EeXCess)

« 51,5253Ca reside near doubly magic nuclei (Z=20,
N=28, 32, 34)

« Valuable insights into Bn emission with low nuclear
level density (NDL)
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

* N4, Ny, and n; are determined by both 3
decay feeding and neutron emission Z A

 Variation in the 3 feeding can be canceled by ] 5 (%)
the normalization
N3

« The new variables exclusively depend on the
neutron-emission mechanism n, Vol | Va
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays

of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

States populated in B decay — neutron/proton particle-

hole configuration, no open neutron-emission channel (=
Doorway states in daughter — neutron particle + ‘
configuration, with open neutron-emission channel
53Ca doorway state 52Ca low-lying state n outside 52Ca
«  When the two states mix (with the same spin and Ju=1/2+ 3/2+, 5/2* Ju=0% 2% 1+ =1

parity!), the neutron-emission properties of the former
are driven by the latter.
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

States populated in B decay — neutron/proton particle-

hole configuration, no open neutron-emission channel = > 5

/ P
Doorway states in daughter — neutron particle — + ‘
configuration, with open neutron-emission channel

53Ca doorway state 52Ca low-lying state n outside 52Ca
«  When the two states mix (with the same spin and Ju=1/2+ 3/2+ 5/2* Ju=0+ 2% 1+ =1
parity!), the neutron-emission properties of the former Ju =g+

are driven by the latter.
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

States populated in B decay — neutron/proton particle-
hole configuration, no open neutron-emission channel

Doorway states in daughter — neutron particle
configuration, with open neutron-emission channel

When the two states mix (with the same spin and
parity!), the neutron-emission properties of the former
are driven by the latter.

Such a doorway state will predominantly decay to the
2+ state in 52Ca

L (3) 3990 53K(3/2+)—’530a**_’520a*

-0 3192 g (303)=3.190 MeV
3

256

- 2"‘

Ex(**Ca) [MeV]
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Compound-nucleus and doorway-state decays
of B-delayed neutron emitters °1°2:53K

» The comparison with the statistical model (HF) shows
extremely good agreement (unexpected!)

» The few deviations are attributed to the doorway-state
decays with open neutron-emission channels

Calculating the mixing ratio with doorway states needs
more advanced microscopic models

« ZXetal., Phys. Rev. Lett. 133, 042501 (2024)

L (3) _3990 53K(3/2+)_>53Ca**_>52ca*

— (1
- 2"‘

) 3% g (*%Ca)=3.190 MeV

2563
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B-delayed neutron emission in deformed 44S

« We observed apparent statistical fn decays from 21-53K|

even though the NLD is very low B ey 2SC  iSc 2Sc sSc mMSe | sSC

-8.28 MeV -7.64 MeV -6.14 MeV -4.04 MeV 0.11 MeV 1.14 MeV 2.64 MeV 4.37 MeV 6.83 MeV
* Nuclear deformation develops from 48Ca to 42Si 4%Cal| 47Ca | #4Ca | +vCa s0Ca s5:Ca 52Ca 5Ca s54Ca
-10.14 MeV -8.65 MeV -7.96 MeV -4.87 MeV -1.1 MeV 0.13 MeV 0.91 MeV 3.06 MeV 5.54 MeV

[ ] i ’?
How does nuclear deformation affect Bn decay* oK oK | oK | K aK  sK | stK S seK ssK

-3.22 MeV -2.67 MeV -0.64 MeV 1.99 MeV 6.54 MeV 7.5 MeV 9 MeV 11.12 MeV 13.9 MeV

44Ar  4sAr | 46Ar | 47Ar  4Ar  49Ar soAr 51Ar  S52Ar

-4.17 MeV -2.06 MeV -1.23 MeV 1.98 MeV 5.29 MeV 7.15 MeV 8.31 MeV 11.17 MeV 13.07 MeV

wCl  «Cl | 4Cl | «Cl 4Cl 4Cl 4Cl sCl| s1Cl

2.19 MeV 3.46 MeV 6.34 MeV 7.96 MeV 12.12 MeV 13.02 MeV 15.02 MeV 16.69 MeV 19.45 MeV

42§ 43S 44S 45§ 46S 478 48§ 498§

1.6 MeV 4.56 MeV 6.88 MeV 9.07 MeV 10.83 MeV 12.86 MeV 13.9 MeV 16.6 MeV

4P 2P 3P 4P a5P 46P 7P

9.79 MeV 12.03 MeV 14.61 MeV 15.23 MeV 17.08 MeV 18.11 MeV 20.1 MeV

20Si 41Sj | 4Sj | ®8Si #4Si 4§j

10.37 MeV 13.27 MeV 13.75 MeV 15.17 MeV 16.2 MeV 17.91 MeV




B-delayed neutron emission in deformed 44S

« We observed apparent statistical fn decays from 21-53K|

even though the NLD is very low B ey 2SC  iSc 2Sc sSc mMSe | sSC

-8.28 MeV -7.64 MeV -6.14 MeV -4.04 MeV 0.11 MeV 1.14 MeV 2.64 MeV 4.37 MeV 6.83 MeV
* Nuclear deformation develops from 48Ca to 42Si 4%Cal| 47Ca | #4Ca | +vCa s0Ca s5:Ca 52Ca 5Ca s54Ca
-10.14 MeV -8.65 MeV -7.96 MeV -4.87 MeV -1.1 MeV 0.13 MeV 0.91 MeV 3.06 MeV 5.54 MeV

* How does nuclear deformation affect fn decay?

45K 46K 48K 49K 50K 51K 52K 53K
. . . . . -3.22 MeV -2.67 MeV ] 1.99 MeV 6.54 MeV 7.5 MeV 9 MeV 11.12 MeV 13.9 MeV

« 44S is a unique nucleus to provide insight
44Ar 45Ar a7Ar 48Ar S0Ar s51Ar s2Ar

* Moderately deformed (E,. ~ 1.3 MeV) 4i7Mev  208Mev | 1.08 MeV

8.31 MeV 11.17 MeV 13.07 MeV

« 0* ground state (only populates 1* states in 44Cl) ®Cl - «Cl +Cl #Cl ~ «Cl  =Cl sCl
2.19 MeV 3.46 MeV 12.12 MeV 13.02 MeV 15.02 MeV 16.69 MeV 19.45 MeV
G—
* Reasonable P, value (~20%) 28§ .8 4S8 S S 4SS 128
1.6 MeV 4,56 MeV 6.88 MeV 9.07 MeV 10.83 MeV 12.86 MeV 13.9 MeV 16.6 MeV
« Massive rate with the 48Ca beam at FRIB N
4P 42P 43P 44pP 45P 48P 47P
9.79 MeV 12.03 MeV 14.61 MeV 15.23 MeV 17.08 MeV 18.11 MeV 20.1 MeV

20Si 41Sj | 4Sj | ®8Si #4Si 4§j

10.37 MeV 13.27 MeV 13.75 MeV 15.17 MeV 16.2 MeV 17.91 MeV







Thanks very much for your attention

Mass Excess [MeV]

916 -183 55 128 202

=
|:| Long-lived

Estimated

Unknown
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