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Abstract
We have studied the structure and formation of mesic atoms and mesic

nuclei theoretically. The latest results on the deeply bound pionic atoms,
the kaonic atoms and the sigma states are reported.

1 Deeply Bound Pionic Atoms
Pionic atoms are ones of the most interesting objects to study the behavior of the
real pion in the nuclear medium. Especially, deeply bound pionic atoms, which
can not be observed by the pionic x-ray spectroscopy, were expected to provide
precise information on pion-nucleus interaction and/or pion effective mass in
the nucleus. Theoretical investigations indicated that the deeply bound states
were expected to be quasi-stable due to the repulsive s-wave interaction and to
be observed by suitable reactions [1, 2]. Guided by the theoretical prediction,
the (d,3He) reaction on the 208Pb target was performed at GSI and the pionic
2p state in Pb was observed successfully [3, 4]

Since the deepest Is state was observed only as a skewed shape of the domi-
nant peak due to the pionic 2p state formation, we tried to find better candidates
theoretically to obtain clear signals of the pionic Is state formation. We have
concluded that the Is state could be observed as a distinct peak structure in
the 206Pb(d,3He) reaction because of the absence of the contributions from the
Pi/2 neutron hole [5]. Very recently, the Is state was observed experimentally,
and the preliminary result was reported in PANIC99 [6].

The observed peak structure of Is pionic state in the 206Pb(d,3He) reaction,
however, comprises 2 subcomponents [5], namely [(Is)* ®{p3/2)n *] a nd [(Is)*®
(/5/2)n *]• Uncertainties of the relative strength of these contributions will cause
the systematic errors of the deduced binding energy and width of the Is state.

In order to observe the deeply bound pionic Is state as a clear peak which
comprises only one component, we investigated theoretically the (d,3He) reac-
tion on the nucleus with S\/2 neutron state in the valence orbit, such as Sn,
Cd, Xe isotopes, at T<j=500 MeV, where the momentum transfer is almost zero
[7]. We found that the [(ls)i ® («i/2)n1] configuration provides a dominant
contribution and makes the largest peak in the spectrum. We expect to ob-
tain the information of the deeply bound Is pionic state very precisely from the
116Sn(d,3He) reaction at ̂ =500 MeV. It is possible to perform this experiment
at GSI [8].
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2 Kaonic Atoms in a Chiral Unitary Model
We study kaonic atoms over the periodic table using a kaon selfenergy in the
nuclear medium derived using a SU(3) chiral unitary model [9]. This model is
quite successful in reproducing the scattering amplitude of meson-meson and
the strangeness S=-l meson-baryon reactions. In particular the properties of
the A(1405) resonance are well reproduced [10]. In the nuclear medium, the
properties of this resonance are appreciably modified, and consequently leads
to an attractive kaon nucleus selfenergy for densities higher than po/10. With
this interaction we are able to reproduce shifts and widths of kaonic atoms over
the periodic table [11].

We also investigate the region of deeply bound kaonic nuclear states which
appear with very large widths in medium and heavy nuclei. At present it is
known that a few kinds of kaon-nucleus optical potentials can reproduce the
kaonic atom data well. Thus, it is desirable to observe the deeper bound states
for getting further experimental information. Some of the deep atomic states,
still unobserved, appear with narrower widths than the level distance, which
makes them eligible for experimental observation. To such aim we make some
estimates of the rates of formation in the (K~ ,7) reaction [11].

3 Mesic nuclei
Mesic nuclei, which are meson-nucleus bound states only with the strong inter-
action, will provide important information on meson properties in the nuclear
medium. These properties have some relations to the chiral symmetry restora-
tion of QCD vacuum in the nuclear medium. In this context, an experiment
to search for bound nuclear states of r\ and LO mesons with the (d,3He) transfer
reaction was proposed based on the theoretical predictions [13].

The partial restoration of chiral symmetry implies (1) partial degeneracy of
the scalar-isoscalar particle (a meson) with the pion, and (2) decrease of the
decay width of cr —* TTTT due to the phase space suppression caused by (1). Thus,
we may have a chance to observe the cr meson as a sharp resonance in the nuclear
medium, thereby get an evidence of partial chiral restoration in nuclei [14].

We consider the a meson embedded in nuclear matter based on the SU(2)
linear cr-model and calculate the one-loop corrections to the self-energy for <r
[15], which is used to investigate the cr eigenstates in finite nuclei. We find that
there exist bound states of cr in nuclei in certain parameter range since the real
part of the self-energy provides the strong attractive potential. Strikingly, even
the eigenstates with the total energy below the 2TT threshold may be formed in
which the the a cannot decay into irir [16].

4 Summary
We have studied structure and formation of the mesic atoms and mesic nuclei,
which are very interesting objects to observe meson properties at finite nuclear
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densities. Recent discovery of the deeply bound pionic atoms proved that it is
really possible to extend our research to deeper bound states, where we can see
the medium effects clearly. In this paper, we have summarized current activities
of meson-nucleus bound states research.
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