Width Fluctuation Correction Factor for Beta-delayed Neutron Emission

O”VGF Gorton Compound Nuclear Reactions
”\I Lawrence Livermore | | and Related Topics (CNR*24)
National Laboratory Law.rence leermgre Natlongl Laboratory, July 8 - 12, 2024
leermore, CallfOrnla, United States JAEA, Vienna International Centre
Beta-delayed neutron emission important for Without correction Hauser-Feshbach has too many
neutron-rich reaction networks neutrons; not enough gammas
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Valencia et al. used a Monte Carlo simulation akin to DICEBOX to add the effect of
N width fluctuations. | propose a Moldauer correction factor to replace this costly
0 94q, on = 0831 Mel = MC simulation.
What is fluctuating? Individual decay widths are Porter-Thomas distribution and family:
"random"” and so are total decay widths A sum of k gaussians is a chi-squared
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Numerical experiment: with few neutron final states,

Hauser-Feshbach underpredicts gammas A Moldauer correction factor for near-threshold decay

Simulation: Distribution of total widths and their ratios
1. Randomly generate widths: s |k emroe-n I A B S B A
L, —=T,/(T,) =z~ P(x,k) 12 T Lylke=e) s | B =1
B T,/Troq = - + k=2
ﬁ,y — F7/<F’y> =1 ~ P(Qj7 k — OO) 1.0 True ratio average : \9 02 L 0 k=5
= N [ I Hauser-Feshbach value : = A,
2. Compute ratios and averages 2 § : ® k=
Experiment measures: 06 s - — k=o
T, _ 1 0.4 5 -
I, +1, 1+x 0.2 3 10+ N ] _
Hauser-Feshbach computes: 0.0 = ; +
i - —_— x=T/T § ! (] l
<Fv> + <Fn> 1+1 Fig. 5.a. For small k, long-tailed distribution = ! + ]
. . L e : i =
This could be improved with finite k.. causes HF ne_utron width to be over-valued, : 100 L @ - Q) O - ' M-
reducing predicted gamma channel. 3 S N N - ol
Distribution of total widths and their ratios Distribution of total widths and their ratios 1072 104 10~3 1072 10! 10V
4l & ! . mm k=2 _: ab | !  mm 10 ] Hauser-Feshbach value
3 ' == Tytk=e ' ' -== Ty(k=w . : ..
12} | — FY/(FT 1) 1.2 | — FV/(FT 1) _ Fig. 6. Enhancement of the predicted gamma emission (true value versus
s | Y ota | Y ota . . . .
10| ' True ratio average - 1.0L i True ratio average - Hauser-Feshbach approximation) as a function of the Hauser-Feshbach value

------ Hauser-Feshbach value |

------- Hauser-Feshbach value and the number of neutron final states k.

Z 08 Z 08
E 0.6 E 0.6

| | | define a "new"? width fluctuation correction factor computed using the
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numerical integration; it depends only on the number of neutron final states Kk,
02 02 and the relative strength of gamma width vy:
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Fig. 5.b. The ratio of the averages is not equal Fig. 5.c. As k grows, the true ratio approaches L'y + 1% (L) Hauser-Feshbach value y
to the average of the ratios even with k > 1. Hauser-Feshbach predictiont °Moldauer PRC 14, 2 (1976)

Hauser-Feshbach theory under-predicts gamma emission in BDNE unless width fluctuations are taken into account. To avoid costly Monte Carlo
simulations, | propose a "new", Moldauer-inspired correction factor to correct the Hauser-Feshbach approximation.
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