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Su Houng Lee

Nuclear Physics: Understanding Strong interaction (QCD) at low and 

intermediate energy 

Intimately related to Big experiments 

1. 현황

2. 전망

핵물리이론현황전망
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High energy nuclear physics

1. J-Lab

2. EIC (Dec. 2019, Jan 2020)

3. JPARC : primary proton beam (30GeV) + pion Kaon

4. LHC:  Heavy Ion Experiment, Exotic hadrons 

Low energy nuclear physics

1. FRIB

2. RIKEN

3. RAON

Common

Nuclear Astrophysics: neutron star, nuclear equation of state
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현황



Research topics

- Mapping quark gluon structure of hadrons (QCD)

- Origin of hadron mass

- Origin of proton spin

- Nucleon Resonances

Current theoretical tools

- Lattice QCD

- Light front QCD (C-R Ji, Ho-Meoyng Choi, Y. Oh etc.)

- Schwinger-Dyson approach 

- Instanton models (Hyun-Chul Kim, Seung-il Nam, etc.)
4

Big experiments1. J-Lab: 12 GeV, 20+ GeV upgrade plan

2. EIC (Dec. 2019 approved, Jan 2020 site)
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Research topics

- Origin of hadron mass:  mass shift measurements, electromagnetic signal 

- Hadrons and nuclei with strangeness: H-dibaryon, NL, NNL, ect

Extension of J-PARC Hadron Experimental Facility

- Multistrange system

- Charmed baryons

- May be future heavy ion experiment

Theoretical tools

- Lattice QCD (Through Potential)

- Effective theories (Unitarized)

- Quark model (our group+ others)

3.  JPARC : primary proton beam (30GeV) + pion Kaon
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KEK E325,  J-PARC E16
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☞ in Vacuum

☞ in medium characterized by  1,0,0,0n 

0 0p M   

00 0 00    pp M M S V         

   Positive energy solution    MeV340 000M SE V M    

Related to chiral symmetry breaking

Effects of medium on spin1/2 particle
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☞ in Vacuum

☞ in medium characterized by  1,0,0,0n 
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K1 excitation energy measurement at JPARC              

Decay mode of K1 (=90MeV) Decay mode Fraction

K1(1270) K  42 %

K1(1270) K* p 16 %
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Example 2

Measuring chiral partners
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Research topics

- Properties of Quark-Gluon Plasma 

- New hadrons, Exotics

Theoretical tools

- Lattice QCD (Through Potential)

- Duality? 

- Statistical and Coalescence model

- Petrurbative QCD, and others 

4.  LHC:  Heavy Ion Experiment, Exotic hadrons 
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Recent LHCb publication arXiv:2206.15233…..
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Ground state Mesons
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Example 3

Discriminating Structure -1
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P-wave Mesons    
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Example 4 Exotics from Heavy Ion Collision
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Our contribution to the volume
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Theory prediction

Experiment
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Tcc if Molecular 
structure

X(3872)

Tcc if Compact 
multiquark

Can discriminate the structure by observing the PT dependence
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전망
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Prospect -1  where does vector meson spin come from

⊙ Spin of composite particle
x
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Prospect -2 Neutron star equation of state

⊙ Multi-messanger astrophysics: Neutron star: anomalous property of speed 
of sound, quarkyonic matter
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Prospect -2 Neutron star equation of state



Prospect -2 Neutron star equation of state
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Prospect -3 : Nuclear Physics and High Energy Physics 

⊙ KSHEP can be a place for collaboration to tackle these problems
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Extra
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N-N interaction at short distance
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☞ Color-Color interaction is not important for short range N-N interaction

Quark Model perspectives on Interaction at short distance – color-color interaction

Q-Q Q-Q

Color A S A S 1 8 1 8

Flavor A A S S

Spin A(0) S(1) S(1) A(0) 0 0 1 1
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☞ Color-spin interaction for 2 body: 

0   attraction;  n 0   repulsi  oK K 
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Mass effect in Color-Color interaction:  Example   Karliner and Rosner
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Q-Q Q-Q

Color A S A S 1 8 1 8

Flavor A A S S

Spin A(0) S(1) S(1) A(0) 0 0 1 1

K -8 -4/3 8/3 4 -16 2 16/3 -2/3

When heavy quarks, could be compact

Mass effect in Color-Spin interaction:  Example   Tcc (Ballot, Richard 83)
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Indeed many heavy exotics were found

But still not clear about their structure

Compact multiquarks or loosely bound molecules

Will Look at X(3872) and Tcc(3875)

Can they be compact?
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Color-spin (K factor)    0 1G PCI J  
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Color-Color 

No additional attraction from color-color interaction

 X(3872) can not be compact multiquark state
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Color-spin (K factor)    0 1G PI J  
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1

3
C Cp q pq p q p q p qC          

 Tcc(3875) could be a compact multiquark state
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Tcc(3875)    0 1G PI J  

  *3875
100  M V e 

cc
D DT

K K K   

0.3 0.6 fm

☞ Consistent to Lattice (HAL QCD): Phys. Lett. B 729 (2014) 85

(S. No, W. Park, SHL, PRD10 (2021)114009 )

Attraction expected from quark Model: S.Noh, A.Park, D.Park Lee (in preparation)
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-2021- Tcc(3875)  LHCb coll.

☞ There is a strong short range 

attraction for Tcc  Could be compact,

but depends sensitively on parameters: 

Full Quark Model calculation suggests: ex S.Noh, W.Park, Lee, PRD10(2021)114009

☞ The short range attraction for 

X(3872) is very weak

 Can not be compact
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Production of compact multiquark state in 2017

Compact multiquark

Molecule

Normal HadronProduction rate 
normalized to 
statistical model
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A simple fit to Deuteron and 3He using  (Rb ,V)  - II

1. For r>1.9 fm result are similar to    infinity result

2. Both can be fit by choosing Rb=0.36  similar to feed-down effects SHM 

3. V(2-dim)=608 fm2


