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In order to increase the efficiency of nuclear data evaluation, we have tested a combination of Received 19 December 2021
a nuclear reaction model and machine learning algorithm. We calculated nucleon-nucleus ~ Accepted 21 March 2022
elastic scattering angular distributions by using the nuclear reaction model code, and opti- KEYWORDS

mized the potential parameters of an optical model to reproduce experimental data by means Optical potential parameter:
of the Bayesian optimization. We present optimization cases with the single parameter and two parameter optimization;
or more parameters, and show that our framework gives the angular distributions that are in gaussian process regression;
good agreement with the observed ones. angular distribution
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Nuclear Reactions

A—> . - (2 .

A +B—=>a+b

ex.) n+%Mo > 100Mo + y - Medical Rl prod.
ex.) n+23BU > X+ Y +x+vy > Energy production

What nuclei (a & b) are produced through A + B reaction?
- Experiments
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elastic
n+°>*Fe > n + >Fe

Korzh+(1987) —&—
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D Q

differential cross section (mb/Sr)
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scattering angle (9)

Experimental information is limited
Need to complement with theoretical models
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Nuclear Models

*Calculated cross sections

with default input parameters )
with adjusted input parameters %

Experimental cross sections

There are “technicians” who find model
parameters reproducing experimental data.

Generalized Least Squares (GLS)
Time consuming when # of parameter is huge

(My experience: 2 years for 23Na [hundreds parameters] )
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Optical Potential Model
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Neutron-Nucleus Reactions

Experiment

neutron

_
o

Theory (Evaluation)

do

a0
1
F(0) = ﬁZL:(ZL +1)(S, — 1)P, (cos 6)

= |F(8)?

S matrix §; = e?L

Phase shift d; is calculated from

Schrodinger-like Eq. with a boundary condition ™}
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differential cross section (mb/Sr)
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nucl. potential \
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Neutron-Nucleus Optical Potential (Kuenida-type)

V(E;T) =K [—VR(E)U(r) +i {4WD (F)ayp % U(r) — } + ]

4 1
U(r) = 1+ exp((r—ry)/a)

!/ N - Z
< Vg(E) = (VR + VAE + VEE? + VZE3 + VPSP e~ 1rE) (1 + (=% *1Cpiso T)

DISP Z'+1 N—27 —ApE E?
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D

VR + Vg'>F

.
4 parameter search x = {VQ, 1y, a, WPISPY
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Objective Function

2
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Gaussian Process (GP) and Objective Function
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_ MFe(n,n), En = 7 MeV
103 4 —— optimum Vg
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Y. NAGAI et al., J. Phys. Soc. Jpn. 82 (2013) 064201
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boron
carbon
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G. Lhersonneau et al. NIMA 603 (2009) 228-235

TRIP-RIBFRER¥ Y 747 3I—F1>7

Neutron energy (MeV )
¥

15



100Mo(n,2n)99Mo -- > 99mTc

Y. NAGAI et al., J. Phys. Soc. Jpn. 82 (2013) 064201
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Fig. 2. (Color online) Neutron induced reaction cross sections on '""Mo. F. MINATO and Y. NAGAI, J. Phys. Soc. Jpn., Vol. 79, No. 9 LETTERS
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