Charge exchange excitations with finite range interactions
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The study of spin-isospin excitations in
neutron-rich nuclei is presently an important
problem not only from the nuclear structure point
of view but also for the special role they play
in many astrophysical processes. Many funda-
mental issues depend on our quantitative under-
standing of phenomena like beta decays of nu-
clei, nuclear electron capture or the r-process in
nucleosynthesis. It is desirable to have theoret-
ical models which can describe the data wher-
ever they can be measured and which can pre-
dict the properties related to spin-isospin excita-
tions in systems too short-lived to allow for ex-
perimental studies. It has been known that the
random phase approximation (RPA) is an appro-
priate microscopic model for charge-exchange gi-
ant resonances [1]. The self-consistency is an ex-
tremely important requirement for the analysis
of long isotopic chains toward the drip line and
the predictions of new collective modes in unsta-
ble nuclei without introducing any adjustable pa-
rameter. Recently many studies have been con-
ducted with the zero-range Skyrme interaction for
the charge-exchange excitations [2], [3] and zero-
range tensor terms were introduced to study the
effects of tensor forces on the Gamow-Teller (GT)
transitions in %°Zr and 2°°Pb (Refs.[4], [5]) and
on the charge-exchange Spin-Dipole (SD) excita-
tion in 2°%Pb [6]. So far no studies of the charge
exchange calculations have been conducted with
a finite range interaction like Gogny interaction.
In this work we have analysed the SD and GT
excitation in °Zr and 208Pb with finite range in-
teractions with and without tensor channels and
we have extracted informations about neutron
skin thickness and on the effects of the tensor.
Here we present only a selection of our results
refferred to “0Zr nucleus. We have used three dif-
ferent interactions: the DIM [7], the DIMT [§]
and the D1ST2a [9]. Tensor terms of the interac-
tion are present in the last two forces. In partic-
ular the DIMT has a tensor-isospin channel only,
the D1ST2a also a pure tensor channel.

The SD operator is defined as:

Ai = Ztia ri Y (), (1)

impy

where t3 = t,, t+ = (t £ it,) are the isospin
operators and ¢ the Pauli matrix operator acting
on the spin variable. The model independent sum
rule for the SD operator can be written as:

g(N <r?’>,-Z<r’>,), (2
47

that is the difference between the mean square ra-
dius of neutrons and protons with weighted with
the neutron and proton numbers. For the GT
operator

Ai = Ztil:oin (3)

A,—A+:

the sum rule for a parent nucleus with Z protons
and N neutrons is the Ikeda sum rule:

A_— Ay =3(N - 2). (4)

In Table 1 we show the sum rule values A_ —
A compared with the equations (2) and (4). In
all the case the sum rules are properly exhausted.

| A A, AA
DIM

SD | 27642 135.37 141.05
GT | 3110 112 29.98
DIMT

SD | 27782 139.85 137.01
GT | 31.26 115  30.11
DIST2a

SD | 285.41 13541 150.00
GT | 3072 082  29.90

Table 1

SD and GT sum rules. Experimental SD values:
A_ =271+ 14, A, = 124 + 11, AA = 147 £ 13.
Theoretical GT value: AA = 30

In Fig. 1 we present the RPA SD and
GT strengths for the %°Zr (p,n)°°Nb reaction
smoothed by a Lorentzian function with a width
of 1.0 MeV. The black lines are the SD responses
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Figure 1. The responses for the SD and GT exci-
tations. The experimental data shown by the black
dots are taken from ref. [10] for the SD excitation
and from refs.[11], [12], [13] for the GT.
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Figure 2. Tensor effects.

obtained summing the 07, 1~ and 2~ strengths.
These lines are compared with the experimental
data. In the fourth panel we present the GT re-
sponse. We can see that the D1ST2a interaction
is able to reproduces the position of the experi-
mental maximum.

In Fig. 2 we present for all the multipole exci-
tations, the effect of the tensor on the RPA cal-
culations. All the calculations are obtained using
the D1ST2a interaction in HF calculations and
switching off the tensor channels in RPA calcula-
tions (D1ST2a00) or switching on only the tensor
channel (D1ST2a20), or only the tensor-isospin
channel (D1ST2a02). First of all we see that no
sensitivity is shown to the isospin-tensor channel
in all the cases. On the other hand we notice
a significant effect of the pure tensor channel on
the strength, in particular on the SD mode, more
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Figure 3. Global tensor effects compared with ex-
perimental data.

evident in 0~ and 2~ multipolarities.

The global effect on the strengths is shown in
Fig. 3 where the strengths are smoothed by a
Lorentzian with a width of 1.0 MeV. The dotted
black lines represent the case where both tensor
channels are active. No effect can be seen in GT
strength. Different is the case of the SD exci-
tation: only with the pure tensor channel we can
obtain a good comparison with the position of the
maximum of the experimental data. These char-
acteristics can be used as costraints to fix the ten-
sor channels of the interactions on the available
empirical informations.
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