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Fig. 1. Single-particle energies of neutrons, protons, and
Lambda hyperons. Energy levels of 0O are denoted by
black solid lines while those of 15O are denoted by red

dashed lines.

#1 TMI1 B3, BT URNF RN MeV

Table 1. Parameter sets TM1, and the masses of nucleons and mesons are given in MeV.

M Mg My, m,

9 —1
My m, 9o / fm 93 C3

T™M1 938.0 511.2 783.0 770.0 10.029

12.614 4.632 -7.233 0.618 71.307
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Table 2.
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Single-particle energies of neutrons and protons in ‘6 O and 11\81\ O, the results are obtained by using the RMF

model. Ae is the difference of corresponding level in normal nucleus and hypernucleus (unit in MeV).

p n
£(1°0) (14,0)) Ae £(1°0) (35,0 Ae
Isy/2 -36.55 -38.12 1.57 ~40.72 ~42.29 1.57
Ip3/2 -17.75 -19.07 1.32 -21.66 -22.97 1.31
1p1/9 ~12.14 -12.70 0.56 ~15.99 -16.53 0.54
ld5 /2 -1.20 -2.23 1.03 ~4.67 -5.74 1.07
2512 0.70 0.35 0.35 -2.12 ~2.56 0.44
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Fig. 2. Response functions of isoscalar monopole resonance
for %0 and 38 0: (a) Hartree response; (b) RRPA re-

sponse.
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Abstract

The interactions between hyperon-nucleon and hyperon-hyperon have been an important topic in
strangeness nuclear physics, which play an important role in understanding the properties of hypernuclei and
equation of state of strangeness nuclear matter. It is very difficult to perform a direct scattering experiment of
the nucleon and hyperon because the short lifetime of the hyperon. Therefore, the hyperon-nucleon interaction
and the hyperon-hyperon interaction have been mainly investigated experimentally by 7 spectroscopy of single-
A hypernuclei or double- A hypernuclei. There are also many theoretical methods developed to describe the
properties of hypernuclei. Most of these models focus mostly on the ground state properties of hypernuclei, and
have given exciting results in producing the banding energy, the energy of single-particle levels, deformations,
and other properties of hypernuclei. Only a few researches adopting Skyrme energy density functionals is
devoted to the study of the collective excitation properties of hypernuclei. In present work, we have extended
the relativistic mean field and relativistic random phase approximation theories to study the collective
excitation properties of hypernuclei, and use the methods to study the isoscalar collective excited state
properties of double A hypernuclei. First, the effect of A hyperons on the single-particle energy of 0 and 15,0
are discussed in the relativistic mean field theory, the calculations are performed within TM1 parameter set and
related hyperon-nucleon interaction, and hyperon-hyperon interaction. We find that it gives a larger attractive
effect on the si/» state of proton and neutron, while gives a weaker attractive effect on the state around Fermi
surface. The self-consistent relativistic random phase approximation is used to study the collectively excited
state properties of hypernucleus 33 0. The isoscalar giant monopole resonance and quadrupole resonance are
calculated and analysed in detail, we pay more attention to the effect of the inclusion of A hyperons on the
properties of giant resonances. Comparing with the strength distributions of 1°0, changes of response function of
15,0 are evidently found both on the isoscalar giant monopole resonance and quadrupole resonance. It is shown
that the difference comes mainly from the change of Hartree energy of particle-hole configuration and the
contribution of the excitations of A hyperons. We find that the hyperon-hyperon residual interactions have
small effect on the monopole resonance function and quadrupole response function in the low-energy region, and

have almost no effect on the response functions in the high-energy region.
Keywords: double-A hypernucleus, giant resonances, relativistic random phase approximation
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