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誕生日おめでとう Takeshi

私たちはあなたがブラジルの物理学のためにしたすべてに
心より感謝いたします.
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誕生日おめでとう Takeshi, watashi tachi 

はあなたがブラジルの物理学

のためにしたすべてに 

kokoroyori 感謝 itashimasu.
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Happy birthday Takeshi

... and thank you very much, 

from the deepest of our hearts, 

for all you have done for physics in Brazil
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Outline

• Motivation 

• J/Ψ in matter

• DN interaction

• SU(4) flavor symmetry in couplings

• Conclusions & perspectives
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Interaction of charm with ordinary matter 

 - Understanding of the nuclear force at QCD level; role of glue
(origin of hadron masses & confinement)

 - D-mesons in medium: chiral-symmetry restoration 

 - J/Ψ, ηc, D … :  possibly bound to ordinary matter 

 - Quark-gluon plasma 

 Experiments underway: 

  JLab @ 12 GeV, Panda & CBM @ Fair, JPARC
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Charmonium binding in nuclear matter 
- an exotic nuclear state

 - Nucleons and charmonium have no valence quarks in common 

 - Interaction has to proceed via gluons – QCD van der Waals 

 - No Pauli Principle – no short-range repulsion

 - Also, binding via D,D* meson loop - interaction with nucleons 

                                               BE  ~ 10 - 20 MeV

 
                                                    

Brodsky, Schmidt & de Téramond, PRL 64, 1011 (1990)

GK, A. W. Thomas & K. Tsushima PLB 697, 136 (2011)
K. Tsushima, D. Lu, GK & A. W. Thomas PRC 83, 065208 (2011)
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D,D*-meson loops 

Calculate loop with effective Lagrangians

    – need coupling constants & form factors

    – need a model for medium dependence  of D masses
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Effective Lagrangians
                             

 – SU(4) flavor symmetry
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J/Ψ single-particle energies in nuclei                    
– solve a Klein-Gordon equation, D, D* masses QMC model

GK, A. W. Thomas & K. Tsushima PLB 697, 136 (2011)
K. Tsushima, D. Lu, GK & A. W. Thomas PRC 83, 065208 (2011)
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Are those binding energies large enough 
to bind a J/Ψ to a large nucleus?

Condition for a bound state:

    - spherical “square-well” radius R, depth V0
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ATHENNA* collaboration JLab @ 12 GeV

*A J/Ψ THreshold Electroproduction on the Nucleon and Nuclei Analysis 

Z.-E. Meziani (Co-spokesperson/Contact) 
N. Sparveris (Co-spokesperson) 
Z. W. Zhao (Co-spokesperson) 
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Issues:

1) Interaction of D mesons with nucleons

2) SU(4) flavor symmetry

3) Width of D mesons

4) J/Ψ moving, not at rest

5) . . . 

Next: 1) and 2)
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Experiment
- antiproton annihilation on the deuteron*

Panda @ FAIR

* J. Haidenbauer, G. Krein, U.-G. Meissner, A. Sibirtsev 

1) Eur. Phys. J. A 33, 107 (2007)

2) Eur. Phys. J. A 37, 55 (2008) 
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DN interaction
– meson + quark exchange

� 

MEX: SU(4)-flavor symmetry for couplings, same cutoffs as KN

QEX: change quark masses (wave functions)
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Meson-meson-meson vertices
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Baryon-baryon-meson vertices
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Based on a previous KN Juelich model
- A. Müller-Groeling et al. NPA 513, 557 (1990)

- M. Hoffmann et al. NPA 593, 341 (1995)

� 

Contains a short-ranged                                              Can be replaced by quark-gluon exchange 
 “repulsive scalar”  m ~ 1.2 GeV                                   Hadjimichef, Haidenbauer and GK, PRC 66, 055214 (2002                                                               
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Model fits available KN data
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describes even phase shifts
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… and helped to kill the pentaquark
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Predictions for the PANDA 
measurement

* J. Haidenbauer, G. Krein, U.-G. Meissner, A. Sibirtsev 
1) Eur. Phys. J. A 33, 107 (2007)
2) Eur. Phys. J. A 37, 55 (2008) 

Use SU(4) symmetry for couplings:
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DN interaction 
– in a color confining chiral quark model* 

Inspired in the QCD Hamiltonian in Coulomb gauge

Derive from the same underlying Hamiltonian:

– constituent quark masses (mass generation)

– hadron wave-functions, hadron masses (confinement)

– effective meson-baryon interaction (nuclear force) 

– X-sections, etc (observables)

– density & temperature dependence on hadron masses (not here)

*C.E. Fontoura, GK, and V.E. Vizcarra, Phys. Rev. C 87, 025206 (2013)
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Hamiltonian
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Input from the lattice

{

- Coulomb kernel – potential

- Fit from simulations*

*A. Voigt, E.-M. Ilgenfritz, M. Muller-Preussker, Phys. Rev. D 78, 014501(2008)
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Transverse-gluon propagator

finite in the 
infrared
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From the same Hamiltonian:

- dynamically generated quark masses 

- hadron wavefunctions (color singlets only) 

- hadron-hadron interactions

- X-sections, phase-shifts, ... 
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Quark mass function
  - dynamical chiral symmetry breaking
                  (Dyson-Schwinger equation)
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Cross-sections
- short-distance: quark interchange

- long-distance: meson-exchange (mainly rho, omega sigma)

DN
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Phase shifts
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How good is SU(4) flavor symmetry 
for couplings ?

   

SU(4) symmetry:

gD̄⇢D̄ = gK⇢K =
1

2
g⇡⇢⇡

gN⇤cD̄ = gN⇤K = gNN ⇡̄
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Coupling constants & Form factors

Dyson-Schwinger & Bethe-Salpeter equations:
- rainbow ladder, no free parameters (heavily constrained spectrum 

  and e.w. decay constants)

B. El Bennich, GK, L. Chang, C.D. Roberts, D.J. Wilson, PRD 85, 031502 (2012)

~ 1/4  400% violation 

~ 1/2  SU(4) OK 

COUPLING LARGE, BUT FORM FACTORS ARE SOFT

- DN X-SECTION ONLY 5 TIMES LARGER THAN SU(4)
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On the other hand:
- nonrelativistic quark model + 3P0 decay

SU(4) BREAKING:  AT THE LEVEL OF 20% – 30%

C. E. Fontoura, GK, J. Haidenbauer (2013)
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Nonrelativistic quark model + 3P0 decay

SU(4) 
symmetric 1 1 1 

SU(4) 
broken 1.07 1.20 1.12 

SU(4) BREAKING:  AT THE LEVEL OF 10% – 15%
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QCD sum rules1 & Lattice2

– looked at SU(4) symmetry breaking   
   within the charm sector only

1) M.E. Bracco, M. Chiapparini, F.S. Navarra, M. Nielsen,  Prog. Part. Nucl. Phys. 67, 1019 (2012)
2) K.U. Can, G. Erkol, M. Oka, T. Takahashi, Phys. Lett. B 719 , 103 (2013)
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QCD sum rules

M.E. Bracco, M. Chiapparini, F.S. Navarra, M. Nielsen,  Prog. Part. Nucl. Phys. 67, 1019 (2012)
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Lattice

K.U. Can, G. Erkol, M. Oka, T. Takahashi, Phys. Lett. B 719 , 103 (2013)
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Perspectives
- supernuclei (or charm hypernuclei)

A: primary vertex

B: vertex decay of a supernucleus decay

C: decay of D0  (signal of      pair)cc̄

Yu. A. Batusov et al., JETP Lett. 33, 56 (1981)
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Recent theory
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Nonmesonic decays of charm hypernuclei*

*A.P. Galeao, GK, F. Krmpotic

L: weak vertex
+

R: strong vertex

⇤c +N ! N +N

⇤c +N ! N + ⇤
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