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We studied the double-charge-exchange reaction on93Nb and56Fe targets. The energy dependence of forward
transition was calculated based on an optical model with the nuclear structure described in the pseudo-SU(4)
model.

1 Introduction

The systematic data on the forward DCX reaction show a
peak at low energy (around 50 MeV), for both the double-
isobaric-analog state (DIAS) and the ground state (GS) tran-
sitions [1]. There have been controversial theoretical expla-
nations of this peak. While some authors [2] have claimed
that the peak is evidence for the existence of a dibaryon, we
explained [3, 4] this peak as the consequence of pion distor-
tion based on a two-step sequential process which involves
nucleons solely. It has been also shown that the energy de-
pendence of the forward transition of DCX is sensitive to the
configuration mixing [4].

The purpose of present work is to extend our previous
studies [3, 4] to medium mass nuclei, for which calcula-
tions are rare. To be specific, we study the DCX reactions
56Fe(π+, π−)56Ni and 93Nb(π+, π−)93Tc . Data show
that the forward transition also has a peak around 50 MeV
[1, 5, 6].

For the nuclear structure of these nuclei a huge shell
model space is needed, which makes an exact shell model
calculation almost impossible. However, as one often does
for heavy nuclei, the use of appropriate symmetry models
can reduce the space substantially, while keeping the most
important physics. The pseudo-SU(4) model [7] was pro-
posed to deal with the nuclei in the2p 1

2
-2p 3

2
-1f 5

2
shell

(hereafter denoted as the pf-shell). Although the nuclei
93Nb and56Fe are not pf-shell nuclei, in this work, we use

this model to describe parts of the nuclear configurations.

2 Nuclear Structure

In an early work [8] the structure of93Nb was described by
a88Sr core plus three protons in the2p 1

2
-1g 9

2
orbits and two

neutrons in the2d 5
2
-3s 1

2
orbits, respectively. In this work we

intend to extend the configuration space by taking advantage
of the pseudo-SU(4) model.

The pseudo-SU(4) model restores symmetry in the nu-
clei with large l-s coupling by adopting the concept of
pseudo-spin and pseudo-orbits [9]. Since the pseudo-spin-
pseudo-orbit splitting (betweeñ2d 3

2
and ˜2d 5

2
, where tilde

means the pseudo-orbit) is substantially smaller than the
normal spin-orbit splitting (between2p 3

2
and2p 1

2
), the vi-

olation of the pseudo-SU(4) is corresponding smaller. The
advantage of the pseudo-SU(4) symmetry is that it keeps all
the algebraic features of the SU(4) model while incorporat-
ing large l-s coupling. A brief analysis in ref. [7] indicates
that the pseudo-SU(4) model is promising for describing the
pf-shell nuclei. Here we apply this model for the wave func-
tions of the nucleons which are in the pf-shell.

First we discuss the structure of93Nb. Without chang-
ing the actual nuclear configuration we use90Zr as the core.
The protons and neutrons outside the core are in different
major shells, and we can write the wave function of the nu-
cleus93Nb as follows:

c
|ψ(93Nb) >= {

√
1− α2

1|(1g 9
2
)1 >p +α1|(pf)−2(1g 9

2
)3 >p}|(ds)2 >n, (1)

d

whereα1 should be determined by an independent study of
nuclear structure, however, in this work, as a trial, we take
it as a free parameter. The subscriptsp andn denote the
proton and neutron configurations, respectively. We further

assume the pseudo-SU(3) symmetry for the pseudo-orbitals,
and therefore the configurations(pf)−2 and(ds)2 can be de-
rived as follows:

|(pf)−2
>=

√
5

3
|(2p 1

2
)−2 > +

2
3

√
2
5
|(2p 3

2
)−2 > +

2
3

√
3
5
|(1f 5

2
)−2 >, (2)
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and

|(ds)2 >=
√

5
3
|(3s 1

2
)2 > +

2
3

√
2
5
|(2d 3

2
)2 > +

2
3

√
3
5
|(2d 5

2
)2 > . (3)

d

Note that in the wave function of eq. 1 the90Zr core is ne-
glected. This wave function extends the configuration space
of ref. [8] to including also the2d 3

2
for neutron particles and

the2p 3
2
-1f 5

2
for proton holes. As was shown in our previous

work [4] this extension of configuration space is significant
since the DCX forward transition is sensitive to the configu-
ration mixing.

The wave function for93Tc is assumed to have a struc-
ture similar to93Nb, and it can be expressed as,

c

|ψ(93Tc) >=
√

1− α2
2|(1g 9

2
)3 >p +α2|(pf)−2(1g 9

2
)5 >p, (4)

where the structure of the(pf)−2 configuration is the same as eq. 2. While56Ni is thought to be a doubly closed shell nucleus,
the structure of56Fe can be described as,

|ψ(56Fe) >= {
√

1− α2
3|(1f 7

2
)−2 >p +α3|(ds)−2

>p}|(pf)2 >n, (5)

d

where an excitation from the closed ds shell is included and
α3 is taken as a parameter. Note, in eq. 5 the56Ni core is
neglected.

To demonstrate the effects of configuration mixing on
the DCX reaction, we also make a comparison between the

calculation with the symmetry model wave functions (as ex-
pressed in eqs 1, 4 and 5) and that by using the single par-
ticle shell model (SPSM) wave function. The SPSM wave
functions of93Nb, 93Tc and56Fe are

c
|(1g 9

2
)1 >p |(2d 5

2
)2 >n, |(1g 9

2
)3 >p, and |(1f 7

2
)−2 >p |(2p 3

2
)2 >n, (6)

d

respectively.

3 Energy Dependence of Forward
DCX

The calculation of the DCX reaction follows the procedure
developed in ref. [10]. In our previous work [3, 4] the pa-
rameters of the optical model are taken from the fits to elas-
tic scattering. However, for the targets studied in this paper,
there exist no such fits. As a trial we use the optical model
parameters of90Zr for 93Nb, and by interpolating the opti-

cal parameters of40Ca and90Zr we get the optical model
parameters of56Fe. The optical model parameters are listed
in Table 1. Note that the ranges, i.e. S11,..., P33, are in MeV.

Another important ingredient in the calculation is the
single particle wave function, especially the wave function
of those orbits which are involved in the DCX reaction.
The single particle wave functions are calculated by using
a Woods-Saxon type of potential, the parameters being so
adjusted that both the separation energy of the proton and
neutron and the rms proton radius match the experimental
values.

TABLE I: Optical model parameters
s wave p-wave

Nucleus S11 S31 P11 P31 P13 P33 multiplier multiplier absorption
93Nb 404 497 277 210 253 1173 1.21 1.14 1.00
56Fe 216 506 303 215 187 1128 1.20 1.09 0.59
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Figures 1 and 2 present the preliminary results of the en-
ergy dependence of DCX on93Nb and 56Fe, respectively.
In both figures, the solid line represents the result of the
symmetry model wave function, and the dashed line gives
the result of the SPSM wave function. A fair agreement
is achieved for both the DCX reactions, at least in the low
energy region. The peak at around 50 MeV appears as
the consequence of the pion distortion without invoking ex-
plicit degrees of freedom of a dibaryon. However, in the
resonance region there exist discrepancies. For example,
while the experimental data show a peak around 150-160
MeV, the theoretical prediction increases with energy almost
monotonously. This might suggest that inclusion of explicit
degrees of freedom of non-nucleons is necessary.
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A comparison between the results of the symmetry mo-
del wave function (solid lines) and those of SPSM (dashed
line) shows that a proper configuration mixing is very im-
portant to reproduce data. We note that the mixing ratios
α1, α2 and α3 are tentatively taken as 0.35, however, an
independent nuclear structure study is needed to determine
these ratios.

Figure 1. Energy dependence of forward transition of DCX on
93

Nb. The solid line represents the result of the nuclear wave func-
tion given in eq. 1 and 4, and the dashed line gives the result of
single particle shell model.

Figure 2. Energy dependence of forward transition of DCX on
93

Nb. The solid line represents the result of the nuclear wave func-
tion given in eq. 5, the dashed line gives the result of single particle
shell model.

4 Conclusion and Discussion

This work presents preliminary results of the energy depen-
dence of forward DCX reactions (the GS transition) on 93Nb

and 56Fe targets. The calculation reproduces experiments
fairly well, at least in the low energy region. In this calcula-
tion the theoretical framework is a conventional sequential
process, and the peak at low energy arises naturally as the
consequence of pion wave distortion.

As was indicated in our previous study that the DCX re-
action is sensitive to the configuration mixing in the nuclear
structure. In this work we use two types of wave functions,
i.e. the pseudo-SU(4) model wave function and that of the
single particle shell model. A comparison between the DCX
calculations with these two types of wave functions shows
that the configuration mixing in the nuclear wave function
is important in reproducing data. In other words, the energy
dependence of the forward DCX reaction contains informa-
tion not only on the fundamental charge exchange process
but on the nuclear structure as well.

We note that the value (0.35) of the mixing ratios α1, α2

and α3 is only tentative. An independent nuclear structure
study is underway in order to derive these mixing ratios. The
possible change of these mixing ratios will certainly cause
some change in the energy dependence of the forward DCX
amplitude, however, the qualitative features (for example,
the peak around 50 MeV) as shown in this article will re-
main.
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