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Abstract. Further analysis of α-particle emission from similar nuclei excited in neutron- as well as low-energy
proton-induced reactions is involved concerning a possible difference between the optical model potentials

(OMPs) which describe either alpha-particle elastic scattering and induced reactions or alpha-emission from
excited compound nuclei. The key role of the pickup direct interaction is finally proved even at incident energies
below ∼10 MeV, as well as being eventually at the origin of the above-mentioned OMPs difference.

1 Introduction

The α-particle interaction with nuclei and the correspond-
ing optical model potential (OMP) were of special interest
from the earliest days of nuclear physics. The widely-used
phenomenological OMP parameters were derived from
analysis of either elastic-scattering or α-induced reaction
data and then used to describe also the α-particle emission
from hot nuclei excited in nuclear reactions. However the
later studies are also subject of various assumptions and
quantities. Thus, the α-particle OMP for the incident chan-
nel seems similar to the familiar side of the Moon which
is facing always the Earth, but for the α-emission it is like
the dark side of the Moon. Moreover, there is a so-called
α-potential mystery [1] of the account at once of both ab-
sorption and emission of alpha particles, of equal interest
for nuclear astrophysics and technology.

A former search for new physics in potentials to de-
scribe nuclear de-excitation used the assumption that par-
ticle evaporation occurs from a transient nuclear strato-
sphere of the emitter nucleus ([2] and Refs. therein).
However, only definite conclusion concerning the incident
channel [3, 4] has made feasible the analysis of a real
difference between the OMPs describing either α-particle
elastic scattering and induced reactions or α-emission
from excited compound nuclei [5]. Meantime, better re-
sults provided by potential [3] within large-scale nuclear-
data evaluation [6] led to its adoption as the latest default
option within the code TALYS [7]. At the same time the
OMP [3] validation for the α-particle emission in low-
energy proton-induced reactions on Zn isotopes [8] has
been related to a surface character of these reactions, at
possible variance to the fast-neutron induced reactions on
Zr isotopes [9]. Further analysis of α-particle emission
from similar Co, Cu, and Zn nuclei excited in neutron- as
well as low-energy proton-induced reactions could make
clear these points and makes the object of this work.

Hauser-Feshbach (HF) statistical model and
Geometry-Dependent Hybrid (GDH) [10] pre-equilibrium
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emission (PE) calculations have been carried out in this
respect using an updated version of the code STAPRE-
H95 [11], with 0.2–0.3 MeV equidistant binning of
the excitation energy grid. The direct interaction (DI)
distorted-wave Born approximation (DWBA) method was
involved within the code FRESCO [12] for calculation of
collective inelastic scattering and pickup reactions cross
sections. These results were also involved to subsequently
decrease the total-reaction cross section σR within the
PE+HF calculations. The prior form DW transition am-
plitudes and the finite-range interaction were considered
similar to recent deuteron-induced reaction studies ([13]
and Refs. therein).

Last but not least, no empirical rescaling factors of the
γ and/or neutron widths were used but consistent parame-
ter sets given elsewhere [3, 4, 8, 9]. Results of this work
are compared with the evaluated data library TENDL-
2017 [14], for an overall excitation function survey.

2 α-emission from Cu excited nuclei

A previous consistent analysis of 63,65Cu neutron activa-
tion [15] already revealed an α-emission overestimation

Figure 1. Comparison of measured [16] cross sections of
63,65Cu(n, α) reactions with TENDL-2017 evaluation [14] (short-
dotted) and PE+HF calculations using α-particle OMPs [5]
(dash-dot-dotted), [3] (solid), and both (dotted), with uncertainty
bands for NLD (light gray) and PE (gray) effects on [3] results.
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by the OMP [5]. It has been strengthened by the accu-
rate measurements performed in the meantime especially
on 63Cu at low energies. The OMP [3] provides however
calculated cross sections in a rather good agreement espe-
cially with these data at energies where nuclear-level den-
sity (NLD) and PE effects shown in Fig. 1 by the related
uncertainty bands (e.g., Ref. [4]b) are low.

On the other hand, the α-emission leading also to a
61Co isotope but in (p, α) reaction made the object of the
pioneering work of Qaim et al. [17]. Actually they ex-
tended for the first time at incident energies <10 MeV the
conclusion of ’90s that, at least for low energies as well as
DI contributions to the low-lying levels, the main mech-
anism in (n/p, α) reactions is pickup instead of knockout
([18] and Refs. therein). This was considered by them
for PE+HF underestimation for 64Ni(p, α)61Co reaction,
get also in this work at once with suitable account of even
newest data for other channels (Fig. 2) using the same con-
sistent parameter set of 63,65Cu(n, α)60,62Co analysis.

Figure 2. As Fig. 1 but for 64Ni(p, x) reactions, except the use of
OMPs [19] (a,b) and [20, 21] (c) (dotted).

Figure 3. As Fig. 1 but for 64Ni(p, α)61Co reaction, except addi-
tional g.s. (thin dash-dotted) and total (dash-dotted) DI compo-
nents of total cross sections (solid).

The lack of independent experimental data led Qaim
et al. to normalize the pickup contribution in order to de-
scribe their (p, α) data at 15 MeV [17]. However, this nor-
malization depends notably on the former PE+HF calcu-
lated results. Since these are quite different in the case
of the OMPs involved by Qaim et al. and us, respec-
tively [Fig. 2(c)], we have looked for absolute values by
DWBA analysis using spectroscopic factors correspond-
ing to the outgoing α-particle angular distributions re-
ported by Smits et al. [22]. The addition of this compo-
nent provides a good account of the measured data, with a
particular emphasize of the residual nucleus ground-state
(g.s.) population at the lowest energies (Fig. 3).

3 α-emission from Zn excited nuclei

The same consistent parameter set used recently within
analysis of (α, x) reactions on stable Ni isotopes below
the Coulomb barrier [4] leads also to a rather good agree-
ment for 63,65Cu(p, α)60,62Ni reactions (Fig. 4). On the
other hand, a similar agreement for the more recent data
of 64,67Zn(n, α)61,64Ni reactions becomes a real challenge.
Thus, the same parameter set involved in the former analy-
sis of (α, x) and (p, α) reactions provides a suitable account
of the competitive channels (n, p) and (n, 2n) [Fig. 5(a,b),
Fig. 7(a)] while a major underestimation results for the
(n, α) channels. It includes also the cross-section uncer-

Figure 4. As Fig. 1 but for 63,65Cu(p, α)60,62Ni reactions.
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tainty bands for neutron OMP [23, 24], NLD, and PE ef-
fects [Fig. 5(c)], of the results obtained by using OMP [3].

The pickup contribution proves thus to be essential
also in this case. DWBA calculated cross sections of
64Zn(n, α)61Ni reaction have been obtained by means of
the ’spectator model’ [22] for the two transferred protons,
while the removing-neutron spectroscopic factors for 19
levels, up to the excitation energy of 3.308 MeV [25], have
been involved in the absence of any experimental angular
distribution. The addition of this DI component is able to
bring in agreement the calculated cross sections with the
average trend of the measured data, at the cost of lesser
account for a seeming shoulder of data as well as PE+HF
results around the incident energy of 5–6 MeV (Fig. 6).
Actually this shoulder is particularly shown by the partial
data for the g.s. and first two excited levels of 61Ni [26],
with a trend well described only by the HF component.

Figure 5. As Fig. 2 but for 64Zn(n, x) reactions, except additional
TALYS-1.9 results (short dash-dotted), and uncertainty bands
for neutron OMP [23, 24] (light gray), NLD (magenta), and PE
(gray) effects on the results obtained by using the OMP [3].

Figure 6. As Fig. 5 but for 64Zn(n, α)61Ni reaction, except addi-
tional DI component (dash-dotted) of total cross sections (solid).

Because no spectroscopic factors are available for
64Ni levels, the following approximation was involved
to roughly estimate the DI contribution to 67Zn(n, α)64Ni
cross sections. The same ratio of this contribution to
that of PE+HF component is assumed for residual nuclei
61,64Ni. The results thus obtained [Fig. 7(c)] show a better
agreement even with accurate measured partial data [27].

Figure 7. (a,b) As Fig. 5 but for 67Zn(n, x), and (c) as Fig. 3 but
for 67Zn(n, α)64Ni reactions, including partial components [27].
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Figure 8. As Fig. 6 but for 59Co(n, α)56Mn reaction.

4 α-emission from Co excited nuclei

Similar results have been obtained for 59Co(n, α)56Mn re-
action (Fig. 8), with the pickup component obtained by
using the neutron spectroscopic factors of Comfort [28].

5 Conclusion

The key role of the pickup direct interaction is proved even
at incident energies <10 MeV, as well as being eventually
at the origin of the difference between OMPs which de-
scribe either alpha-particle elastic scattering and induced
reactions or alpha-emission from excited nuclei.
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