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Differential cross sections of (p, n) and (*He, ) charge-exchange reactions leading to the excitation of the
isobaric analog state (IAS) of the target nucleus are calculated with the distorted wave Born approximation.
The G-matrix double-folding method is employed to determine the nucleus-nucleus optical potential within
the framework of the Lane model. G matrices are obtained from a Brueckner-Hartree-Fock calculation using
the Argonne Av18 nucleon-nucleon potential. Target densities have been taken from Skyrme-Hartree-Fock
calculations which predict values for the neutron skin thickness of heavy nuclei compatible with current existing
data. Calculations are compared with experimental data of the reactions (p, n)IAS on *C at Ej,, = 135 MeV
and **Ca at Ey, = 134 MeV and Ey,, = 160 MeV, and (*He, 1)IAS on **Ni, *Zr, and ***Pb at Ey,, = 420 MeV.
Experimental results are well described without the necessity of any rescaling of the strength of the optical
potential. A clear improvement in the description of the differential cross sections for the (*He, )IAS reactions
on *Ni and *°Zr targets is found when the neutron excess density is used to determine the transition densities.
Our results show that the density and isospin dependences of the G matrices play a non-negligible role in the

description of the experimental data.
DOI: 10.1103/PhysRevC.103.024601

I. INTRODUCTION

The charge-exchange reactions (p,n) and (*He,t) lead-
ing to the excitation of the isobaric analog state (IAS) of
the target nucleus (hereafter referred to as CXIAS) are very
powerful tools for probing the isospin dependence of the
nucleon-nucleus and nucleus-nucleus optical potentials (OPs)
[1-3] and for constraining, in addition, bulk properties of
nuclear matter, particularly, the symmetry energy [4]. In these
reactions, the IAS of the nucleus #(Z + 1) keeps the same
structure as the ground state of the target 4Z except for the
fact that one of the neutrons has been replaced by a proton,
with the excitation energy of the IAS being approximately
equal to the Coulomb energy of the added proton. The similar
structure of the initial and final states makes the (p, n) and
(*He, 1) reactions very much like “elastic” scattering in which
the isospin of the incoming proton or *He is flipped [1-3]. The
isospin flip is driven by the isovector term of the nuclear OP,
usually known as Lane potential [5] [see Eq. (1) below], which
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is proportional to the difference of the neutron and proton
OPs, and knowledge of which is of fundamental interest for
studying nuclear phenomena in which neutrons and protons
participate in a different way. Accurate measurements and
analysis of the cross sections of CXIAS reactions are very
important since the Lane potential together with the folding
method [6] provides a direct link between these reactions and
the isospin dependence of the in-medium nucleon-nucleon
(NN) interaction [7] which is crucial for the understanding
of the nuclear matter equation of state and different aspects of
the physics of core collapse supernova [8], neutron stars [9],
and their mergers [10].

The first theoretical studies of CXIAS reactions were done
by Satchler ef al. [1,2] soon after Anderson et al. [11,12]
identified, in 1961, direct (p, n) transitions between IAS in
medium weight nuclei. Since then many other studies of CX-
IAS reactions have been carried out and used to extract the
isospin dependence of the nuclear OP. In most of these studies
phenomenological optical model potentials have been used to
construct the incoming and outgoing scattering states as well
as the Lane potential that describes the transition between
IAS. There exist several “global” sets of the nucleon-nucleus
OP parameters derived from extensive optical model analysis
of nucleon elastic scattering, such as those of Beccheetti and
Greenless [13], the global OP CH89 of Varner et al. [14], and
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the most recent OP parametrization by Koning and Delaroche
[15] which covers a wide range of energies (from 1 keV to
200 MeV) and target masses (24 < A < 209). These global
potentials, parametrized in the form of empirical Woods-
Saxon functions, are built by simultaneously fitting elastic
scattering data for a wide range of stable target nuclei and en-
ergies, and are very suitable in predicting the nucleon-nucleus
OP when data are not available or cannot be measured, as
in the case of the unstable nuclei in the drip lines. However,
although they are able to reproduce the general trends over
different mass and energy regions and are currently used to
describe reactions on unstable targets, one must be aware that
their validity for unstable nuclei has not been probed. Due to
the large neutron excess in the unstable neutron-rich nuclei
it is very important to know the isospin dependence of the
nucleon-nucleus OP with the maximum possible accuracy be-
fore using it in studies of nuclear reactions and astrophysical
phenomena.

Since high-quality (p, n) data for a wide range of target
masses and proton energies are scarce, the isospin depen-
dence of the nucleon-nucleus OP has been mainly deduced
(see Refs. [13—15]) from the analysis of elastic neutron and
proton scattering with the same target at about the same
energy, taking the strength of the Lane potential equal but
with opposite signs for (n, n) and (p, p) reactions and treat-
ing in some simple way the Coulomb correction terms. In a
few cases the Lane potential have been also deduced from
studies of charge-exchange (p, n) scattering to IAS within the
distorted-Born wave approximation (DWBA) [16,17]. These
studies are based on phenomenological nucleon-nucleus OPs
which, however, are not very well constrained and lead to
large uncertainties in the determination of the Lane potential
[18]. Therefore, it is necessary to have a reliable microscopic
prediction for the Lane potential to reduce the uncertainty as-
sociated with the isospin dependence of the nucleon-nucleus
OP. The single-folding method [6], in which an in-medium or
effective NN interaction is folded with the density of the target
nucleus, has been employed to construct semimicroscopically
the Lane potential, giving rise to a successful description
of nucleon elastic and charge-exchange (p, n)IAS reactions
[19-22] after the adjustment of few parameters. The den-
sity and isospin dependent effective NN interaction used in
Refs. [19,20] was built from earlier nuclear matter calcula-
tions by Jeukenne, Lejeune, and Mahaux [23-26] whereas
that of Refs. [21,22] was based on the so-called CDM3Y
interaction [27,28].

Without any free parameter to be adjusted, G-matrix
folding calculations [29-32], performed with realistic NN
interactions that reproduce NN cross sections, phase shifts,
and the properties of the deuteron, constitute a sophisticated
way of deriving microscopic OPs. The so-called Melbourne
G matrix [33] has been widely applied to describe elastic and
inelastic nucleon-nucleus [34] and nucleus-nucleus [35,36]
scattering. The important role played by the density and
isospin dependence of the effective NN interaction in nucleon-
nucleus scattering was already emphasized in the work of
Cheon and Takayamagi [37]. G-matrix single-folding calcu-
lations for the study of (p, n)IAS reactions at proton energies
between 80 and 800 MeV were performed by Arellano and
Love [38] using six different NN potential models (Paris,

Nijmegen I and II, Reid 93, CDBONN, and Argonne Av18)
in the construction of the G matrix. Recently, microscopic
calculations of nucleon-nucleus and nucleus-nucleus scatter-
ing have been also performed using modern chiral two- and
three-nucleon forces [39-43].

Unlike the nucleon-nucleus case, the isovector part of the
SHe-nucleus OP has been less studied. A relatively recent
global OP for 3He and triton [44], for instance, does not
even contain an isovector term, although it accounts fairly
well for the elastic scattering data with a slight dependence
of the imaginary part of the OP on the neutron-proton asym-
metry of the target nucleus. The analysis of measured data
of charge-exchange (*He, t)IAS reactions is, therefore, fun-
damental to determine with accuracy the isospin dependence
of the *He-nucleus OP. Measured data of charge-exchange
(*He, 1)IAS reactions have been mainly studied in the DWBA
with the charge-exchange form factor obtained by folding
the isospin-dependent part of an effective *He-nucleon in-
teraction with the nuclear transition density for the IAS
excitation [45,46]. Given the success of the single-folding
method in the description of the nucleon elastic scattering
and charge-exchange (p, n)IAS reactions [19-22], the double-
folding method has been applied to the analysis of >He
elastic scattering and charge-exchange (*He, #)IAS reactions.
The authors of Ref. [47], for instance, used the double-
folding method together with a coupled channel formalism
to describe the elastic *He 4+ '*C and *He 4 *¥Ca scatter-
ing and the charge-exchange reactions '*C(*He, 1) '*Nyas and
48Ca(3He, t)48SclAs at two incident energies of the He pro-
jectile, 72 and 82 MeV in the laboratory frame, employing
the isospin- and density-dependent CDM3Y6 effective NN
interaction [28]. On the other hand, in Refs. [48,49] the
folding method and the DWBA were employed to study
charge-exchange (3He, t)IAS reactions on BNi, Zr, and
208pb targets at a projectile energy of 420 MeV. In these
two works, a nonrelativistic density-independent 7' matrix,
obtained from the phenomenological Franey and Love (FL)
effective NN interaction [50,51], is employed in the folding
procedure to determine the *He-nucleus OP.

In the present work we use the G-matrix double-folding
method to determine the nucleus-nucleus optical poten-
tial with the framework of the Lane model and determine
the differential cross sections of (p, n)IAS and (*He, t)IAS
reactions. G matrices are obtained from a Brueckner—Hartree-
Fock calculation of nuclear matter using the Argonne Av18
NN potential. Calculations are compared with experimental
data of (p, n)IAS and (*He, #)IAS reactions on different tar-
gets.

The paper is organized in the following way. A brief review
of the double-folding method is presented in Sec. II. Results
are shown and compared with experimental data in Sec. III.
Finally, a summary and the main conclusions of this work are
given in Sec. IV.

II. BRIEF REVIEW OF THE DOUBLE-FOLDING METHOD

The formalism employed in our study of (p, n)IAS and
(*He, 1)IAS reactions is briefly reviewed here. The interested
reader can find a detailed description of it in Refs. [52,53]. The

024601-2



EXCITATION OF ISOBARIC ANALOG STATES FROM ...

PHYSICAL REVIEW C 103, 024601 (2021)

central nucleon-nucleus or nucleus-nucleus optical potential
can be written in general (see Ref. [5]) as
U(E.R) =Up(E. R) +4U\(E. R)——. ey
a

where E is the total energy in the projectile-target center-of-
mass frame, R is the relative coordinate between the projectile
and the target, Uy(E, ﬁ) and U, (E, I_é) are the isoscalar and
the isovector terms of the optical potential, and 7, and T,
are, respectively, the isospin operators of the projectile and the
target nucleus, with a and A being their corresponding mass
numbers.

J

In the DWBA the transition amplitude for the CXIAS re-
actions is given by

TDWBA(E) — _2\/ ZEA
aA

KXadlUL(E, B)lxaa)s ()

with T,, = (N —Z)/2 being the third component of the
isospin of the the target in the ground state. The distorted
incoming (x,4) and outgoing (x;;) waves are obtained from
the solution of the Schrodinger equations

_ 2T, N N N
|:Ka +Uo(E,R) — afZ\A Ui(E,R) +Vc(R) — Eai| Xaa(R) =0 3)
and
T, — 1) _ _
Ka-f-Uo(EyR)‘f‘a—AUl(E,R)-FAC—Ea Xai(R) = 0. 4)

Here K, is the kinetic energy operator, V¢ (R) is the Coulomb potential, and A¢ is the Coulomb displacement energy.
To determine Uy(E, ﬁ) and U, (E, ﬁ) we use the double-folding method [36,54]:

U(E, R) = / / [pa@)v:?*‘(E,p,s>pA<?A>+pa<?a,7a+s’>v§X<E,p,s>jo<

and

- 1 R . . . .
UI(E,R)zg / / [Apu(mvPR(E,p,s)ApA<rA>+Apa<ra, ra+s)v‘;3X<E,p,s>Jo<

where § =74 — 7, + R, pi(F,7') = p/'(F, 7') + pl'(7,7') and
Api(F, 7'y = pl'(F,7') — pl (7, F') are, respectively, the one-
body isoscalar and isovector density matrix of the it4 nucleus,
pi(#) = pi(#,7), B = (N — Z)/A is the neutron-proton asym-
metry of the target, M, = aA/(a+ A), and jy(x) is the
zero-order spherical Bessel function. The relative momentum
k(E, R) is determined self-consistently from

L
k(E,R)—hz[E V(E,R) = Vc(R)], 0

with u being the reduced mass of the projectile and the target,
and V (E, R) the real part of the optical potential.

The isoscalar and isovector direct (U(?R, UPR) and exchange
(v§X, vEX) terms of the effective NN interaction are obtained
from the following linear combinations of the four different
spin-isospin (ST) channels:

vpR = L[ 4 3p19 4 3y0D 4 gy(1hy, (8)
vPR = L0 0 — 309 4 0D 4 350 )

o~ = [0 @ + 3010 4 300D — 91D (10)

VX = @ =301 4O 30 (1)

RE RS s
S oA ' = 3) |dPradPra (5)
MaA

k(E, R)s ]
u)ApA(?A’?'A —3) d3rad3rA, (6)
MaA

(

The form of v®T) in coordinate space is assumed to be a
sum of four Yukawa-functions,

N

4
e s
v(ST)(E,p,s)zZS}S“(E,p)[ ] (12)
i=1

where S;ST)(E, p), with p taken as p = ps(F4 — ;), are com-
plex energy and density dependent strengths, and w; are the
inverse ranges of the effective interaction. Following the pro-
cedure described in detail by Amos et al. in Ref. [33], the
strengths (real and imaginary parts) and the inverse ranges are
determined numerically by mapping the NN effective inter-
action with the complex nuclear matter G matrices obtained
from a Brueckner-Hartree-Fock calculation using the Argonne
Av18 NN potential. We note that in the case of (p, n)IAS
reactions the projectile density is taken as p,(7;) = 8(7,) and,
therefore, Egs. (5) and (6) reduce to the ones of the single-
folding case.

We finish this section by noticing that in this work all
the one-body density matrices are localized following the
procedure explained in Ref. [30] [see in particular Eq. (24)
of this reference]. The nuclear (local) densities of the targets
are taken from the Skyrme-Hartree-Fock (SHF) calculations
of Ref. [55] whereas the *He and triton densities are taken
from the three-body calculation with the Av18 NN interaction
of Ref. [56]. We would like to mention also that the DWBA
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Before analyzing the differential cross section of the
charge-exchange (p, n)IAS and (3He, t)IAS reactions, first,
we will briefly comment the results for the elastic channel.
In Fig. 1 we show the differential cross section for the elastic
scattering of a proton on '>C [panel (a)] and “°Ca [panel
(b)] at Eyp = 160 MeV, whereas in Fig. 2 we present that
of *He on **Ni [panel (a)] and *°Zr [panel (b)] at E,, = 443
MeV, and on 2%*Pb [panel (c)] at Ej,p = 450 MeV. The results
of the calculations, obtained with the G-matrix OP with the
Av18 NN potential, the 7-matrix OP also derived from the
Av18 potential (referred to as G-mat and 7-mat from now
on), and the FL. OP, are compared with experimental data
from Refs. [59] and [60] in the case of the proton scattering
on '2C and *°Ca, respectively, and from Ref. [61] for the
reaction of *He with **Ni and °Zr and Ref. [62] for its elastic
scattering off 28 Pb. In the case of the proton elastic scattering
off '2C the density of the carbon target has been taken from

0. [degree]

FIG. 2. Differential cross section for the elastic scattering of *He
on *®Ni (a) and *°Zr (b) at Ep, = 443 MeV, and on 2®Pb (c) at Ey,, =
450 MeV. Results are presented for calculations done with the G-mat
OP, T-mat OP, and FL OP, and compared with experimental data
from Refs. [61] and [62].

Ref. [59] whereas for the other reactions we have used those
of Ref. [55]. As it can be seen in both figures, the three cal-
culations describe relatively well the overall magnitude of the
experimental cross sections, although there still exists some
quantitative disagreement between the calculation and the
data. We should note, however, that none of the calculations
have been adjusted to reproduce the cross sections. Therefore,
the relatively good description obtained of the experimental
data is remarkable. The results show that a better description
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of the data is achieved when using the G-mat OP. This
indicates that the density dependence of the isoscalar part of
the nucleon-nucleus optical potential, which is at the origin
of the differences between the cross sections obtained using
the G-mat OP and the T-mat OP, plays an important role in
the description of the experimental data. Note, however, that
at forward angles the differences in the three calculations,
for the five reactions, are very small, meaning this that for
those angles the elastic differential cross section is not very
sensitive to the density dependence of the OP. As we will see
in the following, the effect of the density dependence of the
OP becomes more clear in the case of the CXIAS reactions
where, in addition, the isospin dependence of the OP plays
also a non-negligible role.

We show now in Fig. 3 the differential cross section of
the charge-exchange (p, n)IAS reactions on '4C at Ejy, = 135
MeV [panel (a)] and on *¥¥Ca at Ej, = 134 MeV [panel (b)]
and Ejp = 160 MeV [panel (c)]. The analyzing power for
the reaction on “8Ca at Ej, = 134 MeV is also shown in
panel (d). The results obtained using the proton-nucleus OP
derived from the nuclear matter G-mat are compared with
those in which the OP is determined using a 7T-mat, and the
phenomenological OPs derived by Franey and Love [50,51],
and Koning and Delarouche (KD) [15]. Experimental data are
taken from Refs. [63] for the reaction on the '*C target and
Ref. [64] for that on the **Ca one. The general features of
the cross sections are qualitatively reproduced by all the cal-
culations, although those performed with the G-mat OP gives
the best quantitative description of the experimental data. We
want to stress that the strength of the G-mat and 7-mat OPs
has not been rescaled by any factor in order to obtain a better
description of the experimental data. As in the case of the elas-
tic scattering, remarkable quality is achieved in the description
of the experimental data without the necessity of adjusting
any free parameter. Note that the results are better described
with the G-mat OP than with the 7-mat OP, indicating that
the density dependence of the OP plays a non-negligible
role in the determination of the cross sections. In addition,
note that the calculations with the G-mat OP and 7-mat
OP give also a good qualitative and quantitative description
of the analyzing power for the reaction on **Ca at Ep, =
134 MeV. The reason, in part, is simply that the effective NN
interaction obtained either from the G matrix or the T matrix
takes completely into account the isospin dependence of the
spin-orbit part of the NN force [65]. We observe that the spin-
orbit transition potential has been obtained in the same way as
the central transition one. To the best of our knowledge this is
the first time that the analyzing power has been calculated with
the folding method for (p, n)IAS reactions. Note that the FL.
OP reproduces qualitatively the shape of the analyzing power
but it gives a worse quantitative description. The KD OP has
no isospin-dependent spin-orbit NN interaction, because the
spin-orbit interaction is taken to be the same for neutrons
and protons in this case. Consequently, the KD OP cannot
describe properly the analyzing power, not even qualitatively,
simply because the spin-orbit transition potential is missing.
Unfortunately, a more comprehensive analysis of the isospin
dependence of the spin-orbit part of the OP is difficult due to
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FIG. 3. Differential cross section of the charge-exchange
(p, n)IAS reactions on '“C at Ey, = 135 MeV (a) and “®Ca at
E., = 134 MeV (b) and Ej,, = 160 MeV (c). Panel (d) shows the
analyzing power for the reaction on BCaat El, = 134 MeV. Results
are presented for calculations done with the G-mat OP, T-mat OP,
FL OP, and KD OP, and compared with the experimental data from
Refs. [63] and [64].
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FIG. 4. Differential cross section of the charge-exchange
(*He, 1)IAS reactions at forward angles on *®*Ni (a), °Zr (b), and
208pp (c) at an incident energy of the *He projectile of 420 MeV
in the laboratory frame. Results are shown for calculations done
with the G-mat OP, T-mat OP, and FL. OP, and compared with the
experimental data of Ref. [66].

the lack of enough experimental data on the analyzing power
above 100 MeV.

The differential cross section of the charge-exchange
(3He, HIAS reactions on BNi, 97Zr, and 2Pb at forward
angles are shown, respectively, in panels (a), (b), and (c) of
Fig. 4, for an incident energy of the *He projectile of 420 MeV
in the laboratory frame. Results are shown for calculations

performed with the G-mat, 7-mat, and FL 3He-nucleus OPs
and compared with the experimental data of Ref. [66]. As
in the case of the (p, n)IAS reactions, the best description
of the data is given by the G-mat OP, proving once more
the important role played by the density dependence of the
effective NN interaction. Note that the calculation performed
with the T-mat OP provides also a reasonable description of
the experimental cross sections whereas the FL. OP underes-
timates them for the three reactions considered. A very good
agreement between the data and the prediction of the G-mat
OP is obtained in particular for the case of the >®Pb target.
Note also that, in this case, the G-mat OP and the 7-mat OP
predict very similar differential cross sections for scattering
angles < 0.5°. This is an indication that, at very forward an-
gles, the differential cross section of the 208pp(3He, 1) 2% Bijs
reaction is not very sensitive to the density dependence of the
effective NN interaction. This is not the case for the other two
reactions where there is a clear difference between the G-mat
OP and the T-mat OP results in the whole range of angles
considered.

We would like to point out here that the reactions
07r(He, 1) *°Nbias and 2%®Pb(PHe, 1) 2®®Bijas can be used
to deduce the neutron skin thickness of *°Zr [AR,U,(%Zr)] and
208Pb [AR,,( °®Pb)]. In Ref. [48] for instance, the experimen-
tal differential cross sections of these two reactions were used
to adjust the radial parameter of a empirical neutron density
[67] to obtain the best DWBA fit to the data, finding, respec-
tively, the values AR,,(*°Zr) = 0.09 £0.03 fm and AR,,(
208ph) = 0.16 & 0.04 fm, compatible with nuclear structure
calculations and current existing data [68—70]. In our calcula-
tion, as mentioned at the end of Sec. II, we use densities for the
target nuclei obtained from the SHF calculations of Ref. [55].
These SHF calculations predict AR,,(*°Zr) = 0.07 fm and
AR, ( 208pb) = 0.16 fm, respectively, in agreement with the
results of Ref. [48]. It is notable that in our calculation no free
parameters have to be adjusted to get a good description of
the differential cross sections and, simultaneously, reasonable
values for the neutron skin thickness of *°Zr and 2**Pb.

It was shown by Auerbach and Van Giai [71] that if
the excess neutron number (N — Z) in a nucleus is small
then the determination of the transition densities in CXIAS
should be done using the neutron excess density (pexc) instead
of the difference between the neutron and proton densities
(pn — pp). Following these authors we have calculated again
the differential cross section of the **Ni(*He, #)°®Cujas and
N7r(*He, 1) Nbyag reactions using pexc in the determination
of the transition densities. In practice, we have simply re-
placed in Eq. (6) the isovector density matrix of the target
nucleus by the corresponding pex. While keeping the differ-
ence p, — p, for the 3He projectile. The results, shown in
Fig. 5, are compared with those obtained previously with the
G-mat OP using the difference p, — p,, reported already in
Fig. 4, and with those obtained with the 7-mat OP using
both peye and p, — p,. As one can see, when the G-mat OP
and the pex are used, a better description of the experimen-
tal data is achieved in the case of the ®Ni(*He, #) 3¥Cuyas
reaction, in particular for angles < 2°. However, the data
for larger angles are still poorly described. Note that,
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FIG. 5. Differential cross sections of the **Ni(*He, 1) *¥Cuyas
(a) and 9OZr(3He, 1) ®Nbyas (b) charge-exchange reactions at Ej, =
420 MeV obtained using the neutron excess density in the calcula-
tion of the transition densities. Results using the difference between
neutron and proton densities are also shown for comparison. Calcula-
tions have been done using the G-mat and 7 -mat OPs. Experimental
data are taken from Ref. [66].

although the excess neutron number is 10 in the case of **Zr,
a remarkable improvement of the description of the differen-
tial cross section of the *°Zr(*He, ¢) “*Nbjag reaction is also
attained.

IV. SUMMARY AND CONCLUSIONS

Using the DWBA together with the G-matrix double-
folding method, employed to determine the nucleus-nucleus
optical potential within the framework of the Lane model, in
this work we have calculated the differential cross sections of
(p,n) and (*He, t) charge-exchange reactions leading to the
excitation of the isobaric analog state of the target nucleus.
G matrices have been obtained from a Brueckner-Hartree-
Fock calculation using the Argonne Av18 nucleon-nucleon
potential. A good description of the experimental data of
the (p, n)IAS and (PHe, 1)IAS reactions on several targets at
different incident energies of the proton and *He projectiles
has been found without adjusting any free parameters in our
model. Particularly, a very good agreement between the re-
sults obtained with the G-mat OP and the experimental data
has been obtained in the case of the 2°Pb(*He, 1) **®Biss
reaction. A clear improvement in the description of the
differential cross sections for the ®Ni(*He, 1) **Cuas and
N7r(PHe, 1) *°Nbjas reactions has been found when the
neutron excess density is used to determine the transition
densities. Our results have shown, in general, that the density
and isospin dependences of the nuclear G matrices play a
non-negligible role in the description of the experimental data.

Current data on CXIAS reactions come mainly from
measurements on stable target nuclei. Therefore, future mea-
surements of IAS transitions on neutron-rich nuclei, such as
those that will be carried out at the Facility for Rare Isotope
Beams (FRIB) at Michigan State University (MSU), are very
much awaited. High-quality data from these measurements
will provide very valuable information that will allow us to
improve our present knowledge on the nuclear force and, in
particular, of its isospin dependence.
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