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Abstract

Current studies on heavy hadrons in nuclear medium are reviewed with a summary of the basic
theoretical concepts of QCD, namely chiral symmetry, heavy quark spin symmetry, and the effective
Lagrangian approach. The nuclear matter is an interesting place to study the properties of heavy
hadrons from many different points of view. We emphasize the importance of the following topics:
(i) charm/bottom hadron-nucleon interaction, (ii) structure of charm/bottom nuclei, and (iii) QCD
vacuum properties and hadron modifications in nuclear medium. We pick up three different groups of
heavy hadrons, quarkonia (J/1, T), heavy-light mesons (D/D, B/B) and heavy baryons (A., Ay). The
modifications of those hadrons in nuclear matter provide us with important information to investigate
the essential properties of heavy hadrons. We also give the discussions about the heavy hadrons, not
only in nuclear matter with infinite volume, but also in atomic nuclei with finite baryon numbers, to
serve future experiments.
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1 Introduction

It is an important problem to understand hadron properties based on the fundamental theory of the strong
interaction, Quantum Chromodynamics (QCD). Due to the non-trivial features of the QCD dynamics at
low energies, the hadron physics shows us many interesting and even unexpected non-trivial phenomena.
The fact that hadronic phenomena are so rich implies that various studies from many different views are
useful and indispensable to reveal the nature of the hadron dynamics. Not only isolated hadrons but
also hadronic matter under extreme conditions of high temperature, of high baryon density, and of many
different flavors provide important hints to understand the hadron dynamics.

One of familiar forms of hadronic matter is the atomic nucleus, the composite system of protons and
neutrons. The nuclear physics has been developed so far, based on various phenomenological approaches
(shell models, collective models, and so on). Recently, ab-initio calculations are being realized such that
many-body nuclear problems are solved starting from the bare nucleon-nucleon interaction determined
phenomenologically with high precision [1-3]. Yet a large step forward has been made; the lattice QCD
has derived the nucleon-nucleon interaction [4, 5]. Thus the so far missing path from QCD to nucleus is
now being exploited.

Nevertheless, if we look at the problem, for instance, neutron stars, we confront with a difficulty in
explaining the so-called twice of the solar mass problem. Because of the high density environment in
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1. Charm nucleus

What is new property
of charm nuclei ?




1. Charm nucleus

* Heavy mass of charm hadron

m.=1.3 GeV and m,=4.7 GeV

« Heavy Quark Symmetry (HQS)
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[Exomple ] ]
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[Excmple 2]
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Interaction of P(07), P*(1°) meson and pion field
with chiral symmetry + HQS
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@qu(*)

(1) No quark-antiquark annihilation
(very simple systeml)

2 Relation for interaction vertices:
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What's “Kondo effect” ?
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Original Work: J. Kondo (Prog. Theor. Phys. 32, 37 (1964))
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Original Work: J. Kondo (Prog. Theor. Phys. 32, 37 (1964))

Heavy impurity
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Original Work: J. Kondo (Prog. Theor. Phys. 32, 37 (1964))
Scattering amplitude at tree and one-loop levels

electron | k
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Application of Kondo effect to
Hadron/nuclear physics
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Why Ds/Ds” mesons ?
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Short-distance
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(D Interaction of Ds (Ds*) meson and

non-relativistic limit for nucleon
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(2) Renormalization group equation
nucleon

Ds, Ds* w
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(2) Renormalization group equation
nucleon

Ds, Ds* N

nucleon (hole)

spin-nonexchange term
(fixed point ¢ *=c)

spin-exchange term

(fixed point cy*=« for c;>0)
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@ Mea ﬂ—ﬁe | d approac N Cf. Efo and Nazarov, PRBé4, 085322 (2001)
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@) Mean-field approa

S.Y., arXiv:1607.07948 [hep-ph]
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