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In this article, we briefly review the study of the exotic atoms and
exotic nuclei, and report on recent research activities of η-mesic nucleus
and kaonic atoms.
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1. Introduction

Exotic atoms and exotic nuclei are one of the new kinds of the sub-atomic
matter which include exotic particles such as mesons, excited baryons and
so on. The study of these systems is one of the important subjects in the
contemporary hadron-nuclear physics. The detailed study of the structure
of such systems can provide the precise information on the hadron–nucleus
interaction and can be considered as the natural extension of the research
filed of the nuclear physics to new frontiers.

In addition, we also believe that we can deduce the information on the
aspects of the symmetry of the strong interaction at finite density from
the study of the exotic atoms and exotic nuclei [1]. In the standard sce-
nario believed by the majority of hadron physicists, the chiral symmetry is
spontaneously broken in the vacuum and is expected to be restored at high
density and/or temperature circumstances [2]. The exotic systems we con-
sider here are expected to provide the finite density circumstance to mesons
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and provide the chance to obtain the property change of mesons which could
have close connection to the symmetry aspects, partial restoration of chiral
symmetry at finite density.

In these contexts, various exotic systems have been investigated. For
example, the change of the chiral condensate in nucleus is concluded in
the study of the deeply bound pionic atoms [3]. The recent theoretical
and experimental developments can be found in Refs. [4–8]. New attempts
to deduce information on UA(1) anomaly effects at finite density from the
study of the η′(958)-mesic nuclei have started, too [9–14]. Within the various
systems, we briefly report recent topics on η-mesic nucleus and kaonic atoms
in this article.

2. η-mesic nuclei

Bound states of the η meson in nuclei were predicted by Haider and
Liu in 1980s [15], and after that many works were devoted to the studies
of the structure and formation of these states. Especially, the study of the
η-mesic nucleus based on the chiral symmetry has been developed signifi-
cantly [16, 17]. Due to the strong coupling of ηN to N∗(1535) resonance,
the η-mesic nuclei are expected to provide the unique chance to study the
aspects of chiral symmetry of baryon sector since N∗(1535) is the lightest
non-strange baryon with opposite parity to nucleon and is a candidate of
the chiral partner of nucleon [16].

The first experiments for the formation of the η-mesic nucleus was per-
formed in 1988 by the (π, p) reaction [18] and the results were turned to be
negative. The experiment was performed at the finite proton angle in the
laboratory frame to observe narrow peak structure predicted at that time.
The (π, p) spectra are calculated recently [19] with the same condition with
the experiment [18] and the results are shown in Fig. 1. Two theoretical
models have been used to obtain the η–nucleus interaction, which are based
on the much different picture of N∗(1535). As we can see from the figure, the
narrow peak structure in the spectrum does not appear in these theoretical
predictions. We can also find that it is hard to distinguish two theoretical
models from the existing data.

So far, there have been no experimental data which can prove the exis-
tence of the η–nucleus bound states. Thus, we think that we need further
experimental and theoretical studies of the η–nucleus systems. Especially,
the formation of the η-mesic nucleus in the light nucleus like He [20–23] is
interesting since the width of the system could be large as predicted by some
theoretical results [16, 17].
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Fig. 1. Comparison of the calculated spectra [19] and the experimental data [18]
on the carbon target case reported in Ref. [19]. The background shown in Ref. [18]
is subtracted. The solid line indicates the total spectrum with the chiral doublet
model (CDM) and the dashed line is that of the chiral unitary model (CUM). See
details in Ref. [19].

3. Kaonic atoms

Kaonic atoms have been believed to provide important information
concerning the K−–nucleon interaction in the nuclear medium and the
K−–nucleus interaction. This information is very important in understand-
ing kaon properties at finite density, which has close connection to the struc-
ture and formation of the kaonic nuclei [24, 25], and the constraints on kaon
condensation in high-density matter.

The K−–nucleus interaction has been studied for a long time based on
the lightly bound kaonic atom data obtained by the X-ray spectroscopy.
In Ref. [26], a phenomenological study of the kaonic atoms was performed
comprehensively, and the potential shape and strength were determined by
the χ2 fit to the data. On the other hand, there have been significant devel-
opments in the theoretical description of hadron properties in terms of the
chiral Lagrangian [27, 28]. Based on the theoretical framework, the kaon
self-energy in the nuclear medium has been obtained theoretically, which
can be tested with the kaonic atom data [28]. The theoretical potential is
known to reproduce the experimental data reasonably well [29].

The one of the biggest puzzles in the study of the K−–nucleus interac-
tion is the significantly large discrepancy (∼ factor 3) between the potential
strengths of the phenomenological potential [26] and the theoretical poten-
tial [28]. We show the level structure of the kaonic atoms in 207Tl reported
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in Ref. [30] in Fig. 2 as an example. As reported in Refs. [30, 31], the re-
sults obtained by both potentials resemble each other though the potential
strengths are much different as mentioned above. This behaviour of the
level structure can be understood by considering the kaonic nuclear states
expected to exist inside the nucleus. The number of the nuclear state inside
nucleus is different for these two potentials and, as the consequence, the
atomic level structure can be the same for the potentials with significantly
different depths.

Fig. 2. Energy levels of kaonic atoms of 207Tl up to the principle quantum number
n = 7 for s and p states obtained with the theoretical optical potential of the chiral
unitary model (left) and of the phenomenological fit (right) [30]. The hatched areas
indicate the level widths for deeply bound states (B.E. > 3 MeV).

Recently, there have been the significant developments in the experimen-
tal accuracy for the observation of the kaonic X-ray, and the extremely high
precision data could be obtained in near future [32]. The high resolution
data could be used to disentangle the puzzle of the depth of the K−–nucleus
interaction and to obtain new information on kaonic nuclear states. We
evaluated theoretically the difference of the X-ray energy between the phe-
nomenological and theoretical potentials for 3d → 2p transition of kaonic
helium to be about 0.3 eV [33]. The difference of the level widths due to the
strong absorption of kaon is also evaluated to be about 1 eV between two
potentials [33]. These tiny differences could be observed in the new experi-
ments in near future [32], and it will be an important step for the study of
kaon–nucleus interaction.
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4. Summary

We have briefly reviewed the recent research activities of η-mesic nucleus
and kaonic atoms in this article. We think the study of the exotic atoms and
the exotic nuclei will provide new frontier of the hadron many body physics
and also provide simultaneously the finite density circumstance for hadrons
which can be used for the study of the aspects of the strong interaction
symmetry in medium. In this sense, the study of these systems is expected
to be fruitful and should be developed both theoretically and experimentally.
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