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Beta-delayed neutron emission: why does it matter?
Fission product decay and r-process nucleosynthesis

Central problem

94Rb

Phys. Rev. ST Accel. Beams 10, 014701 (2007) 

Distribution of fission products

94Rb

BDNE creates competing decay paths
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Beta-delayed neutron emission of 94Rb: what is it?

Central problem

Type ΔJ Parity 
change

Allowed 0ℏ, 1ℏ No

1st Forbidden, 
non-unique

0ℏ, 1ℏ Yes

1st Forbidden, 
unique

2ℏ Yes

Beta decay selection rules

+
𝑛 𝑝 𝑒!	 %𝜈"

𝛽! decay:
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Statistical reaction theory fails for beta-delayed neutron emission

Valencia et al. PRC 95, 024320 (2017)

Central problem

(under-estimates gammas & over-estimates neutrons)

Energy of 94Sr

Questions:
• What is the model?
• Why isn’t it working? 𝛾 
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The model: Hauser-Feshbach decay of compound nucleus

Approach / Statistical nuclear reactions

Starting here
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Questions:
• What is the model? ✅
• Why isn’t it working?

Methods:
• Porter-Thomas correction factor
• NLD and GSF adjusted to available data
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Hypothesis 1: What if forbidden decays play a role?

Hypothesis 1

6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4
Ex (MeV)

10°4

10°3

10°2

10°1

100
Jº = 2-

Jº = 3-

Jº = 4-

Exp.: Valencia 2017

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

94Rb BDNE ∞-emission probabilityΓ 𝐸# , 𝐽, 𝜋  for allowed decays

Assumed!



O. C. Gorton “Shell Model Methods, Statistical Nuclear Reactions, and Beta-delayed Neutron Emission” 

7

What about other beta decay types?

Forbidden decay may explain discrepancy

Future: compute “secret recipe” F(E,J,pi) with shell model
Approach / Forbidden beta decay 

Γ(Ex) =
∑

J,π

F (Ex, J,π)Γ(Ex, J,π)

Allowed, forbidden?
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Hypothesis 2: gamma strength function stronger than assumed

Tail of the E1 GSF fit to data with COMMCAS

Tail of the M1 GSF fit to global model

SM GSF model of 
Oslo experiment

Shell model GSF for HF  predicts a 10x 
enhancement of the low-energy M1 GSF

Approach / Shell model methods / Gamma strength functions

This work
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GSF enhancement reduces need for forbidden decay

Conclusions

E1, E2 enhancement yet to be 
investigated.

Shell model M1 GSF enhancementPrior knowledge of GSF
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What should we conclude based on this new theoretical evidence?

Conclusions

Discrepancy can be explained:

Significant enhancement to M1 gamma strength function
+

Small contributions from forbidden beta decay




