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Accurate modeling of neutron-induced inelastic scattering is essential for enhancing the predictive capabili-
ties of nuclear reaction codes, particularly for short-lived nuclei where experimental data are limited. Inelastic
scattering can proceed through multiple mechanisms, including compound nucleus formation and decay, as
well as direct and pre-equilibrium emissions. We have developed a unified microscopic framework integrating
the Jeukenne-Lejeune-Mahaux (JLM) folding optical potential with quasiparticle random phase approxima-
tion (QRPA) excitations, employing coupled-channels or distorted-wave Born approximation formalisms.

The microscopic model has undergone rigorous validation against extensive experimental data on stable nuclei,
both structurally and reaction-wise. Neutron and proton elastic and direct inelastic scattering on spherical
and deformed targets have been benchmarked for numerous stable nuclei, including Pb, Bi [1], and actinide
[2]. Additionally, recent analyses of neutron-induced inelastic scattering with gamma emission (n,n’y) on
isotopes such as W (182,184,186W) [3], 232Th [4], and 238U [5] at GELINA to further showcase the versatility
of our approach.

Importantly, our microscopic model, based on an effective nucleon-nucleon interaction, allows its application
to both neutron and proton projectiles, and potentiallycomposite projectiles via double-folding potentials.
For example, the same framework was successfully applied to proton inelastic scattering on neutron-rich Ni
isotopes [6] and neutron-deficient Sn isotopes [7] in inverse kinematics. These studies highlight the com-
plementarity between neutron-induced and proton-induced reactions, as proton probes predominantly sense
neutron densities, providing constraints complementary to electromagnetic observables. Comparison of calcu-
lated and measured (p,p’) cross sections allowed extraction of neutron-to-proton excitation ratios, validating
QRPA predictions and nuclear structure models [6, 7]. The study of the pygmy dipole resonance in 140Ce
via the (n, ny) reaction at NFS-SPIRAL2 [6] further illustrates the versatility and interest of our microscopic
approach for nuclear structure studies.

Additionally, the model has proven effective in surrogate reaction studies, exemplified by the (c, a’)reaction on
240Pu to constrain neutron-induced reactions on short-lived 239Pu [9]. Recent pioneering inverse-kinematics
experiments using heavy-ion storage rings, such as (p, p’) on 208Pb as a surrogate for neutron capture on 207Pb
[10], further underscore its capability in extracting neutron-induced reaction observables indirectly.

Thus, our microscopic model demonstrates broad applicability and predictive power, particularly suited for
reactions involving exotic nuclei. We will review its foundations and validations, discuss recent

progress, and explore future applications, particularly emphasizing neutron-induced reactions on short-lived
nuclei.
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