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1. Multi-flavor nucleus

Nucleus meets Flavor

1. Hadron-nucleon interaction

2. Hadron in medium
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1. Multi-flavor nucleus

Nucleus + Charm

Mass hierarchy (m.>>Agcp)
~1.2 GeV -~0.2 GeV




1. Multi-flavor nucleus

Strangeness Charm

A(uds) — /\C(udc)




1. Multi-flavor nucleus
Charm/bottom “light” nuclel
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1. Multi-flavor nucleus
D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...

- Binding energy
- Dispersion relation
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1. Multi-flavor nucleus
D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...

Binding energy in nuclear matter [MeV]

Hadron dynamics
Quark-meson coupling model QCD rum rule Mean field WT-type coupling T exchange
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1. Multi-flavor nucleus
D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...

Heavy quark symmetr : C. Garcia-Recio, J. Nieves, L. L. Salcedo,
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1. Multi-flavor nucleus

D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...

Heavy quark symmetry

Hadronic model

S. Y., K. Sudoh, Phys Rev. C87, 015202
(2013)
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1. Multi-flavor nucleus
D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...
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1. Multi-flavor nucleus
D (B) meson in nuclear matter

Quark-meson coupling model, QCD sum rules, hadronic interactions (mean-field
approach, channel coupling, pion interaction), ...

D. Blaschke, P. Costa, Y-L. Kalinovsky,
PN\] L mOdeI Phys. Rev. D85, 034005 (2012)
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2. Heavy quark symmetry

Introduction to “velocity-frame”
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2. Heavy quark symmetry

Eheaquuark — Q(le — mQ)Q Du — aﬂ — ’L.gAZTa
1/mq expansion

(positive energy state Q, with velocity v)
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2. Heavy quark symmetry

Heavy quark symmetry (HQS)

Normal hadrons, exotic hadrons, hadronic molecules, exotic nuclei, .

Heavy quark spin X Light guark and gluon total spin

Brown muck
(Spin-complex)




2. Heavy quark symmetry

Heavy quark symmetry (HQS)

Normal hadrons, exotic hadrons, hadronic molecules, exotic nuclei, .

Hadron mass
A
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p 2. Heavy quark symmetry

770 MeV K* SRl D*
A 890 MeV B* m
A 2010 MeV
5325 MeV
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1870 MeV B
D




2. Heavy quark symmetry

— HQS doublet
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Charm (bottom) exotic hadrons and nuclei

Nucleon




3. Application 1: Leading order in 1/mg expansion

Heavy hadron effective theory




3. Application 1: Leading order in 1/mg expansion

QQ
M4

PEI=P*1 o Py




3. Application 1: Leading order in 1/mg expansion




3. Application 1: Leading order in 1/mg expansion

Interaction of P(0°), P*(1) meson and pion field
with chiral symmetry + HQS

EHMET — TI’HU’U 1DH, +gTrH vayufy&(? 1/M)

klnetlc term interaction with pion Aﬂ- — 6#-7T

P*(1) P(O)  P*(1)




3. Application 1: Leading order in 1/mg expansion

Qq —P(*)

@ No quark-antiquark annihilation
(very simple system!)

2 Relation for interaction vertices:



3. Application 1: Leading order in 1/mg expansion




3. Application 1: Leading order in 1/mg expansion
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3. Application 1: Leading order in 1/mg expansion

Mass PN

N
---------------------------- 142 MeV o,.——'

P

T exchange

isospin 0




3. Application 1: Leading order in 1/mg expansion

Mass PN Predictions

N
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3. Application 1: Leading order in 1/mg expansion

Mass PN Predictions
A Py _
DN N
---------------------------- 142 MeV o,.——'
— 32" Pt m exchange

N isospin 0
[Feshbach resonance (=18 MeV)

JP=3/2": {PN(Dy/,), P*N(4S3/,), P*N(“Ds/,), P*N(2Ds/,)}
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3. Application 1: Leading order in 1/mg expansion

Mass PGINN Predictions
D(*) N N Argonne vg’ pot.
____________________________ 142 MeV (tensor force)
1_
B*NN
---------------------------- 46 MeV . isospin 1/2
- P®NN




3. Application 1: Leading order in 1/mg expansion

P®™) in nuclear matter




3. Application 1: Leading order in 1/mg expansion
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P(0), P*(1) self-energy in nuclear medium
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4. Appl.2: Next-to-Leading order in 1/mq expansion

1/mg expansion




4. Appl.2: Next-to-Leading order in 1/mq expansion

Change of “velocity-frame”




4. Appl.2: Next-to-Leading order in 1/mq expansion

)+ o(1/m2)

O: nuclear matter density

M.Neubert, Phys. Lett.
B322, 419 (1994)



4. Appl.2: Next-to-Leading order in 1/mq expansion

Can we calculate hadron w.f.
IN nuclear medium from Q' D?




4. Appl.2: Next-to-Leading order in 1/mq expansion

- ‘\

\ B A1(p) =+ - Xa(p;mq) 2
M = m A(p) — 45 O(1l/m
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Heavy hadron effective theory
LO + NL




4. Appl.2: Next-to-Leading order in 1/mq expansion

How to construct effective Lagrangian?

1. Heavy quark symmetry is conserved at O(1).
Light quark+gluon

Heavy quark

2. Invariance under Lorentz boost at O(1)+O(1/M).
Luke, Manohar, PLB286, 348 (1992), Kitazawa, Kurimoto, PLB323, 65 (1994)




4. Appl.2: Next-to-Leading order in 1/mq expansion

How to construct effective Lagrangian?

1. Heavy quark symmetry is conserved at O(1).
Light quark+gluon

. m @

2. Invariance under Lorentz boost at O(1)+O(1/M).
Luke, Manohar, PLB286, 348 (1992), Kitazawa, Kurimoto, PLB323, 65 (1994)




4. Appl.2: Next-to-Leading order in 1/mq expansion

Kitazawa, Kurimoto, PLB323, 65 (1994)

Heavy meson effective theory with 1/M corrections
P(0), P*(1)
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4. Appl.2: Next-to-Leading order in 1/mq expansion

Ma(p) = ma + A(p) = o + 457228 1 0(1/my
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4. Appl.2: Next-to-Leading order in 1/mq expansion




4. Appl.2: Next-to-Leading order in 1/mq expansion




5. Conclusion

1. We discuss heavy quark symmetry (HQS) at LO
In 1/mg expansion.

2. HQS gives doublet/singlet in mass spectrum
In exotic heavy hadrons and nuclei.

3. Mass modifications and splitting of D and D*




5. Conclusion

Many open problems...

- Relation to other fundamental aspects of QCD ?
(Dynamical breaking of chiral symmetry, Quark Confinement, ...)

- Hadron-nucleon interaction ? Many-body physics ?
(Pion exchange, Mean field approximation, Symmetry restoration, ...)

- What about atomic nucleus with charm ?

- Lattice QCD: what QCD says about charm nucleus ?
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