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We have studied the effects of the tensor terms
of interactions D1ST and DIMT [1] constructed
considering global properties of the nuclei in
HF+RPA self-consistent calculations for a set of
nuclei in different regions of the isotope chart.
This study in the excitation spectra is complex,
since the effects of the tensor force in the RPA
calculations add to those already present in the
HF calculation which produces the s.p. bases. In
our investigation we have disentangled the effects
coming from these two different sources. In order
to do it we have presented results where the ten-
sor force is switched on and off in both HF and
RPA calculations and we indicated as wiFA the
RPA excitation energies, where the first subindex,
a, refers to the interaction used in the HF calcu-
lations, and the second subindex, b, to the in-
teraction used in the RPA calculations. These
indices can be t if the interaction includes the
tensor term, and n otherwise. We present also
results obtained by switching off the residual in-
teraction: labelled as wIF™ where the superscript
IPM refers to Independent Particle Model. The
energies produced in this type of calculations need
only one subindex which indicates the presence,
t, or the absence, n, of the tensor force in the HF
calculation.

We present first the results related to the exci-
tation of the first 0~ state in the various isotopes
we are studying. The energy of this excitation in
160 has been chosen to select the strengths of our
tensor forces. We have compared the excitation
energies obtained by our RPA calculations with
the experimental values taken from Refs. [2,3].
We found that the tensor interaction lowers the
excitation energy of this state and improves the
agreement in all the cases. A general view of the
tensor effects in all the nuclei we have considered
is given in Fig. 1. In panel (a) we show the dif-
ferences wiFA — WRPA for the first 0~ states in all
the nuclei under investigation, in panel (b) the
energy differences wif™ — wIPM,

In the RPA calculations, the results obtained
with the tensor force are always lower than those
obtained without it, and this produces negative

values of the differences wit — WRPA. The only
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Figure 1. Differences between the energies of the first
0~ excited state.

exception to this general trend is that of the 140
nucleus in the case of the D1M interaction. The
results presented in the two panels do not show
any correlation. This indicates that the attrac-
tion is a genuine effect of the tensor force on the
RPA calculations.

We studied the different role played by the ten-
sor force in IS and IV type of excitations. To
identify clearly these different type of excitation
modes, we have considered nuclei with equal num-
ber of protons and neutrons and states dominated
by particle-hole transitions with the same angular
momentum coupling for both protons and neu-
trons. The effects of the tensor terms are better
presented in Fig. 2. In the panels (a) and (b) we
show the energy differences wiPA — WRPA for IS
(open squares) and IV (solid circles) states.

The results found for the various calculations
have rather similar behaviours. The tensor ef-
fects are smaller on the IV states. In the panels
(c) and (d) we show the differences between the
energies of the IV and IS states for each multi-
pole we have considered. We found that the IS
excitations are more sensitive to the tensor force



than the IV ones. The tensor force increases the
energy difference between IS and IV excitations.

We made a systematic study of the effects of
the tensor force on the excitation of the 17 states
in nuclei with different number of protons and
neutrons.

The results shown in Fig. 3 indicate that the
presence of the tensor force changes the s.p. en-
ergies in a way that the energy of the excitation
is reduced. This is shown by the fact that all the
energy differences have negative sign. These re-
sults are in agreement with the findings of Cao
et al. [4] for the T44 interaction [5] but they are
opposite to those found by the same authors for
the modified SLy5 interaction [6]. With the ex-
ception of the cases where all the s.p. spin-orbit
partner levels are occupied, i.e. 220 and %°Ca,

the differences wiit® — wRPA are noticeably larger
IPM _  IPM
than wi™ ™ —wp 7.

To investigate the genuine effect of the tensor
force in RPA, we have calculated the energy dif-
ferences wiPA — WRPA where the same s.p. basis
is used for the two RPA calculations. These re-

sults are presented in Fig. 3 by solid squares.
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Figure 3. Differences between the energies of 11 ex-
citations having the largest B(M1)-value, in various
nuclei.

nuclear data center
http://www.nndc.bnl.gov/.

If we add incoherently the wiPM — wIPM and the 4. L. G. Cao et. al., Phys. Rev. C 80 (2009)
WRPA — GRPA results (that are the separated ef- 064304.' )
fects of the tensor in HF and RPA calculation 5. T. Lesinski et. al., Phys. Rev. C 76 (2007)
respectively), we obtain the results plotted with 014312:
crosses which reproduce very well the results of 6. G. Colo, H. Sagawa, S. Fracasso, P.F. Bor-
the complete calculation wRPA — WRPA. tignon, PThys. Lett. B 646 (2007) 227.
Now.we have limited our study to charge con- 7. C.L.Bai et. al. Phys. Lett. B 675 (2009) 28.
serving nuclear excitations but in the next future 8. C. L. Bai et. al. Phys. Rev. C 79 (2009)
we intend to extend this study to the charge- 041301(3)'
exchange excitations that seem to be affected by 9. C. L. Bai et. al. Phys. Rev. Lett. 105 (2010)
the tensor-isospin force in a more relevant way 072501.
[7-9]. 10. Y. Iwata, J. A. Marhun, arXiv:1012.3363
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Figure 2. IS and IV excitated states.
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