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The effect of the isovector imaginary optical potential has been studied experimentally using the
particle evaporation technique for the 11B +48 Ca reaction with a 21.8 MeV 11B beam. Spectra
of neutron, proton and α-particles emitted from the neutron rich compound nucleus 59Mn have
been measured and analyzed with traditional optical model potentials with their original parame-
terizations as well as with adjusted isovector imaginary components. It is shown that the isovector
component of the imaginary potential is indispensable in the reproduction of proton and α-particle
yields from this reaction, and even needs to be enhanced compared to the suggestions of the original
model parameterizations. This can lead to important consequences for astrophysical reaction rate
calculations.

INTRODUCTION

The optical model (OM) of nuclear reactions [1] is
widely used for reaction cross section calculations. The
model suggests that a nucleus interacts with a particle
through the mean field single particle potential consist-
ing of real V and imaginary W components,

U = V + iW (1)

where V is responsible for elastic scattering and W is
for nuclear reactions. Solving the Schroedinger equation
with such a potential allows for calculating transmission
coefficients, T , which are responsible for probability of
particle absorption by or emission from a nucleus thereby
determining reaction cross sections.

OM potentials (OMP) are generally well established
for stable nuclei [2]. For nuclei off the stability line, it is
expected that the potentials are influenced by (N−Z)/A
values, where N,Z are the numbers of neutrons and pro-
tons in a nucleus, and A = N + Z. Bohr and Mottelson
suggested [3] that the mean field single-particle potential
would consist of the isoscalar U0 and the isovector Uiso
terms:

U = U0 + Uiso = U0 +
1

2
tz

(N − Z)

A
Usym (2)

where tz = 1/2 for protons and tz = −1/2 for neutrons.
Usym is the symmetry potential which is related to the
symmetry energy [4], which is an important quantity cur-
rently under investigation in both nuclear physics and
astrophysics. It determines the structure of nuclei off
the stability line as well as reaction rates in astrophysics,
structure and composition of neutron stars [5].

Modern formulations of the OM take into account the
isovector component in both the real and imaginary po-
tentials. Here we use one of these formulations from

Ref. [6]. It is used in the Talys reaction code [7] and
referred to as JLM semi-microscopic optical potential (it
is referred to as JLMB in Ref. [6])) which is expressed as
follows:

U(E) = λV (E)[V0 ± λV1
(E)αV1]

+iλW (E)[W0(E)± λW1
(E)αW1(E)] (3)

where E is the energy of a neutron or proton,
V0, V1,W0,W1 are real isoscalar, real isovector, imaginary
isoscalar and imaginary isovector components, respec-
tively, α = (N−Z)/A, and λV , λV1

, λW , λW1
are normal-

ization factors for corresponding potential depths. Spe-
cific empirical formulas for normalization factors which
are based on data for stable nuclei can be found in
Refs. [6]. The W1 component largely determines neu-
tron/proton absorption and emission probabilities in nu-
clear reactions.

One of the important applications of the OM is the
calculation of astrophysical reaction rates for medium
mass and heavy nuclei. At astrophysical temperatures,
reactions proceed mostly through the compound reaction
mechanism. This is when the projectile a and the nucleus
B fuse together forming a compound nucleus C which
then decays by emitting ejectiles di such as gammas (γ),
neutrons (n), protons (p) and alpha (α) particles, and
produces the residual nuclei Di = C − di. The theory
of compound reactions which is known as the Hauser-
Feshbach (HF) model in literature [8] suggests that the
reaction cross section can be written as follows:

dσdi(Edi)

dEdi
=

σfusa Tdi(Edi)ρDi
(E∗Di

)
4∑
j=1

[ ∫
Edj

Tdj (Edj )ρDj
(E∗Dj

)dEdj
] , (4)

where σfusa = π·Ta/k2, Ta and Tb are the transmission co-
efficients in the incoming and outgoing channels, respec-
tively, k is the wave number, and ρBi is the level density
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of the residual nuclei Di. A spin factor in σfusa and the
summation over spins and orbital momenta in Eq. (4)
are omitted for simplicity of discussion. Transmission
coefficients determine the probability of absorption and
emission of particles and γ-rays. Particle coefficients are
calculated from the optical model in Eqs. (1)-(3). Level
density calculations are based on semi-empirical or mi-
croscopic models. The special interest of this study is
to understand the role of the neutron OMP in calculat-
ing reaction rates for the rapid neutron capture (n, γ)
reactions that are believed to be responsible for creation
of about half of neutron-rich nuclei heavier than iron [9].
For neutron energies relevant to astrophysics (about hun-
dreds keV), emission of protons from a neutron rich com-
pound nucleus is generally energetically forbidden, and
emission of α-particles is suppressed by the Coulomb bar-
rier. For stable nuclei neutron transmission coefficients
Tn are much larger than Tγ for γ-rays. Therefore, the de-
nominator in Eq. 4 is overwhelmingly determined by the
outgoing neutron coefficient Tdj = Tn, which cancels out
with the Ta = Tni in an input channel n+A, so the cross
section remains dependent only on Tγj and ρDj

in an out-
going channel. This is the reason of why uncertainties of
neutron OMP are usually neglected in calculating (n, γ)
reaction rates and the focus of studies has been on con-
straining γ-strength functions which determine Tγ , and
level densities [10–12] to reduce uncertainties in calcula-
tions.

For nuclei off the stability line OMP are highly uncer-
tain because they are not constrained by experimental
data. Moreover, the paper of Ref. [13] indicates that the
normalization factor λW1

in Eq. (3) might be underes-
timated for neutron rich nuclei. It requires a large en-
hancement to be able to reproduce the strength function
of neutron resonances for some nuclei. Enhancement of
λW1 leads to reduction of the total imaginary potential
in Eq. (3) which, in turn, results in reduction of neutron
transmission coefficients Tn to the point at which Tn and
Tγ become comparable. In this case (n, γ) cross section
will be influenced by Tn according to Eq. (4). If this
scenario is correct for all neutron-rich nuclei, the current
estimation of reaction rates for neutron capture nucle-
osynthesis via r-process [13] and may be via i-process as
well, need to be substantially revised.

This paper suggests an experimental method to study
the isovector component of the neutron OMP by mea-
suring the yield of outgoing neutrons, protons and α-
particles from the decay of the compound neutron-rich
nucleus 59Mn formed in the 11B +48 Ca reaction. The
ratio of yields between different outgoing channels, ac-
cording to HF theory, is sensitive to neutron transmis-
sion coefficients. If neutron transmission coefficients are
smaller due to the diminishing value of the imaginary
potential as suggested in Ref. [13], we expect to see an
increase of proton and α-particle yields compared to the
neutron one.

EXPERIMENT

The experiment was performed at the tandem accel-
erator of the Edwards Accelerator Laboratory using a
22 MeV 11B beam. The 2 mg/cm2 thick target was a
pure calcium self-supported foil enriched to 96.2% with
48Ca. The remaining 3.8% consisted of 40Ca. The target
was produced by the National Isotope Development Cen-
ter, Oak Ridge, TN. A charged particle spectrometer was
used to detect protons and α-particles. The spectrometer
included five silicon detectors, two of which were located
at 2 m from the target at 37.5 and 67.5 degrees, and the
remaining three were at 127.5,142.5 and 157.5 degrees at
1 m from the target. Detectors were mounted at the ends
of the vacuum arms attached to the target chamber [14].
Additionally, the ∆E−E telescope consisting of 0.25 and
5 mm thick silicon detectors was mounted at an angle of
142 degrees and 20 cm from the target to measure high
energy protons. The liquid scintillator NE213 neutron
detector was setup at 137 cm from the target position,
at an angle of 120 degrees. The beam was run in a puls-
ing and bunching mode with about 5 ns timing width.
This allowed for measuring the time of flight (TOF) for
charged particles and neutrons. Both the TOF and the
energy deposited in the silicon detectors allowed for iden-
tifying charged particles and measuring their energy. For
the energy calibration a thin carbon foil was used as a
target. The known structure in the α-spectrum from the
11B +12 C reaction was used for the detector energy cal-
ibration. Neutron energies were determined by the TOF
technique. The position of the γ-peak in the TOF spec-
trum was used as a calibration point for the absolute time
calibration. The detector efficiency was determined from
a separate experiment with the natAl(d,n) reaction using
a thick aluminum target which stops the beam. This re-
action produces a calibrated neutron flux [15] which was
used for the neutron detector efficiency calibration.

Extra precautions have been made to minimize target
exposure to the air. The calcium foil was shipped in a
vacuum container, and has been exposed to the air for
less than 5 minutes while it was mounted on the target
ladder and placed in the vacuum target chamber. Also,
additional measurements have been performed to study
possible contamination of the target material with oxy-
gen and carbon. The latter is usually built up on the
target during the beam run because of oil vapor which
is present in the vacuum system due to the operation of
oil-based vacuum pumps. Extra measurements have been
performed on the 48Ca target with smaller beam energies
including 20,18, and 16 MeV. Since the Coulomb barrier
is 19.6 MeV, it is expected that the fusion cross section
for the calcium nucleus decreases rapidly with decreas-
ing beam energy from its original value of 22 MeV. For
oxygen and carbon, the Coulomb barriers are 7.6 and
9.7 MeV, respectively, so that the cross sections should
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not change much. These expectations have also been con-
firmed with theoretical calculations. Additionally, car-
bon and tungsten oxide foils were used as targets to mea-
sure charged particle yields. Comparing cross sections for
different beam energies impinged on calcium, carbon and
tungsten oxide targets allowed us to conclude that for the
22 MeV beam energy the possible light mass contribution
to the spectra constitutes less than 10 percent and con-
centrated at low energies in the lab system, at around <∼
4 MeV.

There are statistical and systematic uncertainties for
the particle yields. The statistical uncertainties account
for less than about 2% for protons and α-particles and
0.1% for neutrons for energy integrated yields. System-
atic uncertainties are related to the beam current integra-
tion (about 3%), neutron detector efficiency (about 6%),
solid angles for charged particle detectors (about 10%).
This sums up to about 7% for the total systematic un-
certainty for the absolute neutron yield and about 10%
for the yield of protons and α-particles. For the relative
yield of protons to neutrons and α-particles to neutrons
the uncertainty is estimated to be 12%.

MODEL CALCULATIONS

The proton, neutron and α-particle spectra from
11B +48 Ca reaction were first calculated with the Em-
pire code [16] using the HF model of nuclear reactions [8].
Empire can use heavy ions in input channel and variety of
level density and optical model parameterizations except
the JLM model. The Empire code suggests two models
to calculate the compound nucleus formation cross sec-
tion. These are the simplified coupled-channel treatment
of the heavy ion fusion and the distributed fusion barrier
model. There is a lack of experimental data for the fu-
sion cross sections of 11B-induced reactions in this energy
range, however, our previous study of 7Li +68,70 Zn reac-
tions showed that the coupled channel approach agrees
well with experiment [17]. For the 21.8 MeV 11B beam
the barrier distribution model results in 380 mb for the
fusion cross section versus 420 mb for the coupled chan-
nel one. We started with the coupled channel approach
and final adjustments were made based on comparison
with experimental data

For transmission coefficients, Empire uses the
A.J. Koning and J.P. Delaroche (KD) potentials [18] as
a default option for neutrons and protons and the poten-
tial by V. Avrigeanu et al [19] for α-particles. For level
densities, following models were tested: the back shifted
Fermi-gas (BSFG) model and the model based on the
Gilbert and Cameron (GC) approach [20] - both with
parameter systematics from the Research Input Parame-
ter Library (RIPL) [2], the BSFG model with parameters
from von Egidy et al [21], and the model based on the
microscopic calculations (MC) of Ref. [22].

FIG. 1. Empire calculations showing fraction of expected con-
tribution of 40Ca target contamination. Full line are spectra
from the target containing 96.2% of 48Ca and 3.8% of 40Ca.
Dotted lines show contribution from 3.8% 40Ca contaminant.
Calculations were performed with BSFG Egidy level density
parameterization.

The 21.8 MeV 11B beam loses about 6 MeV in the
2 mg/cm2 48Ca target. According to the Empire cou-
pled channel calculations, the fusion cross section drops
from 420 mb when the beam enters the target to 2 mb
when beam exits the target. Therefore the experimen-
tal spectra were considered to be the sum of the spectra
produced at different beam energies with different fusion
cross sections while the beam travels through the target.
In order to compare model calculations with experiment,
the sum spectra were modeled taking into account the
beam energy and fusion cross section changes. Therefore
in calculations, the target was subdivided into 20 slices,
the particle spectra were calculated for each of them, and
then spectra were converted to the laboratory frame and
summed up to produce final model spectra which can
be compared with experimental ones. Energy losses in
the target for outgoing protons and α-particles have also
been taken into account. Because of the rapid decrease of
the cross section while the beam passes through the tar-
get, the final spectra were calculated in units of particle
yield from the target instead of units of cross section.

The 48Ca target contained 3.8% of 40Ca contaminant,
therefore, calculations were run for both of these tar-
get nuclei and resulting spectra where then summed up
weighted with corresponding fractions. According to cal-
culations presented in Fig. 1, the resulting cross sections
for the neutron and α channels are overwhelmingly dom-
inated by reactions on 48Ca, however, cross sections for
the proton channel contain about 50% contribution from
40Ca at low energies and close to 100% at higher proton
energies.
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RESULTS AND DISCUSSION

For the analysis, we used experimental spectra mea-
sured at backward angles since they are expected
to contain minimal contributions (if any) from non-
compound reaction mechanisms such as direct and/or
pre-equilibrium ones. Therefore, experimental alpha and
proton spectra taken at 142 degrees and the neutron spec-
trum measured at 120 degrees are presented in Fig.2 (top
panel) along with compound model calculations using
different input level density models. Experimental pro-
ton and α-particle spectra are shown in the energy range
above the Coulomb barrier of emitted particles (greater
than around 2 and 5 MeV in the lab system respectively),
since optical model calculations are more robust for en-
ergies above the Coulomb barrier and contribution from
light target contaminants is believed to be negligible at
higher energy ranges . High energy limits are determined
by counting statistics only. Low and high energy limits
for the neutron spectrum are determined by the detector
threshold and the high energy limit of NE213 neutron
detector efficiency measurements. Light elements target
contaminants are less important here since neutron yield
from the 48Ca target is about two orders of magnitude
higher than the yields of protons and α particles.

According to the calculations the main decay channel
of the compound 59Mn nucleus is expected to be the neu-
tron one. It constitutes 400 mb out of the 420 mb of the
fusion cross section for the 21.8 MeV 11B beam. The
rest is shared between protons and α-particles. In the
neutron energy range of up to 10 MeV measured in the
experiment, along with first chance neutrons (11B,n),
an almost equal contribution comes from (11B, 2n) and
(11B, 3n) channels. For the proton and α channels, about
60% comes from the first chance decay (11B, (α/p)), 35%
from (11B,n(α/p)) and 5% from (11B, 2n(α/p)). Reac-
tion Q-values are 12.20, 9.15, and 11.16 MeV for the first
chance emission of neutrons, protons, and α-particles re-
spectively.

Comparison of Empire calculations with experiment
shows that the absolute neutron yield is reproduced
within experimental uncertainties (see Fig. 2). However,
calculations underestimate proton and α-particle yields
by a factor of about 2. Different level density inputs
result in comparably small calculation spread at low en-
ergies which increases at higher energies. From a com-
parison of the shapes of spectra, one can see that the level
density models based on the BSFG Egidy [21] approach
follow the slope of experimental points better compared
to other models. All models underestimate the absolute
yield of α-particles in the whole energy range. For the
protons, it appears that BSFG models reproduce the high
energy fraction well, but they underestimate the low en-
ergy fraction of the proton spectrum.

To study effect of the isovector imaginary potential on

TABLE I. Average ratios R between experimental and calcu-
lated spectra as defined by Eq. 5, and calculated 58Mn(n, γ)
capture rates for the temperature T=109K. Total uncertain-
ties are shown in parentheses.

Rn Rp Rα
Rp
Rn

Rα
Rn

(n, γ)

Model [E1, E2], MeV rates

[2,10] [8,18] [6.5,14] cm3

s·mol
KD 0.96(7) 0.60(7) 0.48(6) 0.63(10) 0.50(9) 2.32

KD1
adj 0.79(6) 0.73(9) 0.80(10) 0.92(11) 1.01(12) 1.64

KD2
adj 0.98(7) 0.88(11) 1.00(12) 0.90(13) 0.92(14) 1.64

JLM 1.07(7) 0.68(8) 0.58(7) 0.64(11) 0.54(10) 2.08

JLMG 1.01(7) 0.69(8) 0.61(7) 0.68(11) 0.60(10) 1.98

JLMadj 1.13(8) 0.77(9) 0.89(11) 0.68(12) 0.79(14) 1.67

particle evaporation spectra, we used the HF computer
code developed at Ohio University [23]. This code al-
lows one to input transmission coefficients for both in-
coming and outgoing particles and to parameterize level
density models with the Fermi-gas approximation [24]. It
also has an unique capability to calculate an angular dis-
tribution for outgoing particles so that particle spectra
measured at a certain angle can be calculated more ac-
curately. The angular distribution from compound reac-
tions is symmetric about 90◦ in the center of mass frame
[25] while both Empire and Talys codes assume it to be
isotropic. The Talys computer code allows using both
Koning and Delaroche and JLM OMPs but it does not
allow heavy ions for the input reaction channel. Empire
has the capability of using heavy ions in an input channel
but does not allow JLM optical potential. Therefore, we
imported transmission coefficients for the incoming 11B
ions calculated with the Empire code and transmission
coefficients for neutron and protons calculated with JLM
and Koning and Delaroche models from Talys into the
Ohio HF code. Talys capabilities to adjust parameters
of optical models were utilized for these calculations. The
purpose of these calculations is to show that reduction of
the total imaginary potential, which is assumed to be
caused by enhancing the isovector imaginary potential,
would improve the description of the experimental data.
We did not attempt to come up with specific OM pa-
rameters and quantify their uncertainties because data
obtained from our experiment are not sufficient to con-
strain all parameters of the optical model.

Imaginary potential adjustments were tested for both
KD and JLM models. In Talys, the imaginary potential
for the KD model can be scaled separately for neutrons
and protons. Such a modification does not change the
energy dependence of the potential. For the JLM model
of Eq. 3, scalable parameters are λW1 and λW , however,
the factor λW affects neutron and proton potentials in the
same direction that is not in accord with the conception
of Eq. 1. Therefore, adjustment of onlyλW1 parameter
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FIG. 2. Experimental and calculated spectra from the 11B +48 Ca reaction with 22 MeV boron beam. Experimental spectra
are from 142 degrees (protons and α-particles, respectively) and from 120 degrees (neutrons). Calculations were performed
with the Empire computer code [16] (top panel) with different input level density models and default fusion and optical model
parameters discussed in the text. Bottom panel: calculations were performed with HF computer code [23] using the level
density model from Ref. [21]. Calculations are shown with the original OMP from Ref.[18] (KD) and with the adjusted one
(KD2

adj) as described in the text.

was tested in calculations. This, however, unlike for the
KD model, results in a change of the energy dependence
of the total imaginary potential since all components in-
cluding isoscalar W0, isovector W1 and the scaling factor
λW1

have different energy dependence.

Calculations were performed with the Ohio University
HF code using the BSFG model by Egidy et al. [21] and
the following OMP parameterizations:

• KD: Original parameterization of Koning and De-
laroche model [18].

• KD1
adj : The total imaginary potential of the Kon-

ing and Delaroche model was empirically adjusted
to the point when proton/neutron and α/neutron
experimental yield ratios are reproduced with cal-
culations within experimental uncertainties. The
total original imaginary potential W =

∑
iWi,

i=V,D,SO, consisting of volume(V), surface(D),
and spin-orbit(SO) terms was modified with the
empirical adjustment factor k such that Wmod

i =

Wi(1 ± k), where ”-” was used for neutrons and
”+” for protons. k was empirically adjusted to the
value of 0.8.

• KD2
adj : The same as K&D1

adj but with the fusion
cross section increased by a factor of 1.25 to re-
produce absolute yields of neutron, proton and α-
particles within uncertainties.

• JLM: Original parameterization of the JLM model
[6].

• JLMG: the isovector imaginary normalization fac-
tor λW1

in Eq. eq:eq3 according to the prescription
of Ref. [13].

• JLMadj: The parameter λW1 in Eq. 3 was assumed
to be an energy independent and empirically ad-
justed to the value of λW1 =4 bringing the ratio
of proton/neutron and α/neutron yields closer to
experimental values. It resulted in a change of the
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neutron and proton imaginary potential depths by
factors of 0.5 and 1.5 respectively.

Values for adjustment factors for both KD and JLM
models were empirically estimated with few iterations
to reduce neutron transmission coefficients by factor of
about two for the average emitted neutron energy of
≈3 MeV. The accuracy of these values were not stud-
ied at this point.

For the comparison between experiment and calcula-
tions the average ratio over data points was used in the
following form:

R =
1

N

N∑
i=1

Y cali

Y expi

, (5)

where N ∈ [E1, E2] is the number of experimental points
with energies between E1 and E2.

The energy interval [E1, E2] was chosen such that
shape of calculated spectra in this energy range would
be in a good visible agreement with experimental ones.
This was done by evaluating the function R(Ei) =
Y cal(Ei)/Y

exp(Ei), where i=1..N and N ∈ [E1, E2]. The
function was found to be slowly varying in the interval
[E1, E2] indicating the consistency between experimen-
tal and calculated spectra shapes but it sharply drops at
Ei < E1 due to a decrease of the calculated yield com-
pared to experimental one that can be seen from Fig. 2.
This might indicate that the low-energy region is more
vulnerable to other uncertainties in calculations which
might include uncertainties in level densities at higher
excitation energies (> 20 MeV), uncertainties related to
contributions from 2nd, and 3d chances of particle emis-
sions which are more difficult to model because more
model parameters are involved. Possible contributions
from light target contaminants, as was discussed earlier,
might also explain this discrepancy.

Values of R are presented in Table and spectra calcu-
lated with the original KD and the adjusted KD2

adj mod-
els are shown in the low panel of Fig. 2. One can see that
the KD used in the Ohio HF code gives similar results to
Empire indicating consistency between codes. R values
indicate that calculations reproduce the neutron spec-
trum well but they underestimate proton and α-absolute
yields by factor of about 2. The KD1

adj model adjustment
allowed satisfactory (within experimental uncertainties)
description of proton/neutron and α/neutron yield ratios
but underestimates absolute values by the same factor of
≈0.8. This might indicate that the fusion cross section
is underestimated by calculations. Calculations with the
adjusted fusion cross section by a factor of 1.25 (KD2

adj)
brought calculated absolute yields to an agreement with
experimental data.

Adjustments of the JLM model result in similar ten-
dency as for the KD model, in the sense that increasing
the isovector imaginary potential leads to an increase of

calculated proton and α yields, bringing Rp and Rα closer
to one. However, contrary to KD, it also results in an
increase of Rn, keeping proton/neutron and α/neutron
yield ratios underestimated by calculations ( both Rp/Rn
and Rα/Rn remain less than one by about 20%) mak-
ing it impossible to reach agreement with absolute yields
for all particles simultaneously. The reason for this is
that reduction of the total neutron imaginary potential
in the JLM model affects low-energy neutron transmis-
sion coefficients to a greater extent compared to the KD
model. Because of competition between low and high
energy neutrons, decreasing low-energy transmission co-
efficients causes cross section for higher energy neutrons
to increase. Effect of the imaginary potential reduction
on the spectra of the first chance neutrons emitted from
the compound nucleus 59Mn is shown in Fig. 3. For the
KD model it results in an increase of the low-energy neu-
trons (<∼ 2 MeV) and in an decrease of the higher energy
ones, while for the JLM model it has an opposite effect.

Despite other potential uncertainties in calculations,
which prevent us from making a definite conclusion, re-
sults obtained in this work indicate that the role of the
isovector optical potential might be more important for
neutron rich nuclei than assumed by existing OM param-
eterizations. Therefore, the isovector potential may have
a larger impact on astrophysical reaction rates of neutron
captures off stability.

The compound nucleus 59Mn is within the i-process
nucleosynthesis path, therefore, it is interesting to see
how the suggested renormalizations of the isovector imag-
inary potential can potentially affect reaction rates. We
performed Talys calculations with default γ- strength
and level density models for the Maxwellian-averaged
58Mn(n, γ) rates at the temperature of T=109K relevant
to r-process nucleosynthesis. The neutron capture by
58Mn is an inverse process to the neutron decay of the
59Mn compound nucleus so that the same optical model
parameters can be used for calculations. The indicated
temperature corresponds to the average neutron energy
of about 100 keV. Results of calculations presented in
Table show that an increase of the isovector component

of the imaginary potential from KD to KD
1(2)
adj and from

JLM to JLMadj parameterizations results in decrease of
the neutron capture rates by 30% and 20% respectively,
while renormalization suggested in Ref. [13] (JLMG) re-
duces it by 4% only. However, these numbers are ex-
pected to be sensitive to the γ-strength function and
level density model parameterizations for the compound
nucleus 59Mn.

An analysis of experimental particle evaporation spec-
tra performed in this work indicates needs for the reduced
total imaginary potential, which is supposedly caused by
enhancing its isovector component, compared to parame-
terizations in Refs. [6, 13, 18]. This conclusion is in qual-
itative accord with the results of Ref. [13] but suggests
a more dramatic role of the imaginary isovector poten-
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FIG. 3. Spectra of first chance neutrons calculated with original and adjusted parameterizations for KD (left panel) and JLM
(right panel) models. Fluctuations are caused by competitions between neutrons with different orbital momenta.

tial. The enhanced isovector optical potential could have
a substantial impact on calculations of cross sections and
reaction rates for neutron rich nuclei in astrophysical pro-
cesses.

We note however, that even though reduction of the
neutron imaginary potential helped to reproduce exper-
imental particle spectra from the 11B +48 Ca reaction,
other optical potential parameters remain unconstrained
and might potentially affect calculations. Therefore, ob-
tained results require further experimental confirmations,
specifically, for low-neutron energies down to astrophys-
ical important ones (around 100 keV). Normally, optical
potentials should be able to reproduce elastic scattering
and reaction cross sections. However, since there are ex-
perimental limitations for studying neutron induced reac-
tions away from stability line, the experimental methods
based on studying decay channels of compound nuclei
might be an useful tool to infer the isovector component
of the OMP for nuclei off the stability line with current
and prospective radioactive beam facilities.
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