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Outline of the talk:

❑ β-decay of even-even isotopes and the 1+ states

❑ β-decay of odd-A isotopes

❑ Role/Influence of First Forbidden Transitions

❑ β-delayed neutron emission as a spectroscopy tool
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❑ Large Qβ- values (~15 MeV)
❑ Small t1/2 (could be less than 10ms)
❑ Lower Sn values in daughter
❑ Higher probability of delayed neutron 

emission
❑ Neutron and proton Fermi  levels in 
       different shells
❑ Parent and daughter ground states likely 
      have different parities
❑ First Forbidden transitions likely

→ Need to benchmark the beta-decay properties

β- decay of 

neutron-rich nuclei
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Even-even 
38Si, 40Si decay



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

Even-even 
38Si, 40Si decay

30-ms
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44S

Fig. 8 from Yoshida et al., PRC 97 054321 (2018): 

→ The red stars indicate strong low lying GT transitions 

(predicted and observed). 

→ Blue circles are predicted isotopes with B(GT) > 0.1

The absence of the bound  1+ state in 46Cl 

may be points to weaker pn interaction in 

neutron-rich nuclei

Even-even 
44S, 46S decay



Even-even 
44S, 46S decay
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Weaker pn interaction in very neutron-rich nuclei

N=28
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The allowed GT 

transitions from the 

5/2− ground state of 

these isotopes do not 

favor any single state 

in the daughter 

nuclei, rather the

strength is 

fragmented. This 

would imply a very 

small overlap 

between the ground 

state of the Si 

isotopes and the 

negative parity 

(1p1h) states in 37,39P.

Even-Odd 
37Si, 39Si decay
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Even-Odd 
43S, 45S decay



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

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

Even Z vs Odd Z  

decay

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



Even Z vs Odd Z  

decay

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



First Forbidden

Parity change
T. Marketin, L. Huther, G. Martinez-Pinedo, PRC93, 025805 (2016)*

The contribution of the first-forbidden transitions in the total decay rate for 

nuclei with predicted half-lives shorter than 1 s. 

N
=

2
8

N
=

2
8

*A fully self-consistent theoretical framework was employed 

based on the relativistic nuclear energy density functional



Role of 

FF transitions

Si (Z=14)
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FRIB

41Si: PLB, 252 (2004)

FRIB: Crawford et al, Phys. Rev. Lett. 129, 212501 

(2022)

linear !



Role of 

FF transitions

V. Tripathi et. al., PRC 106, 064314 (2022)
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43P decay

Pn = 100% (no FF)

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

Why FF not important?



V. Tripathi et. al., PRC 112, 024320 (2025)
46Cl, 47Cl β decay



βn

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

daughter

44Ar



Delayed neutron

daughter
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β1n & β2n



At FRIB

44S
42Si



Summary & Outlook :

❑ β- decay of Si, P, S and Cl 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 

❑ As we approach N=28, the decrease of Sn values and the transfer of GT 

strength to higher energies leads to large Pn approaching 100%. 

❑ Influence of First Forbidden transitions in the beta decay was observed: 

reducing t1/2 and Pn 
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