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○ Goal : To build a heavy ion accelerator complex RAON !
                 for rare isotope science researches in Korea!
○ Project period : 2011.12 - 2021.12!
○ Total Budget : ~$ 1.43 billion !
                       (Facilities ~ $ 0.46 bill., Bldgs & Utilities ~ $ 0.97 bill.) !
    - include initial experimental apparatus!

Rare Isotope Science Project (RISP) 
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History of the RISP 

* ISBB : International Science Business Belt 

Start 5th year project 
2016.01 

Start 6th year project 

RISP Baseline Schedule(the 3rd) changed to complete RAON by 2021 and  
 schedule & cost for facility construction released   
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q  High intensity RI beams by ISOL & IF!
     ISOL : direct fission of 238U by 70MeV protons!
     IF : 200MeV/u, 8.3pµA of 238U!
!

q  High quality neutron-rich RI beams!
        132Sn with up to ~250MeV/u, up to ~108 pps!
!

q  More exotic RI beams  by ISOL+IF!

µSR, !
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RAON Concept 

SCL3 (18.5 MeV/u) 



* In-flight (IF) facilities: a high energy ion beam is fragmented in a suitable thin target and the re
action products are and then transported to the secondary target.  

* ISOL-type facilities: radioactive ions are produced at rest in a thick target either by direct bomb
ardment with particles from a driver accelerator or via fission induced both by fast and thermal s
econdary neutrons.  



RAON Site : Sindong in Daejeong 

Current RISP Office 

~11 km 

Basic design was finished Dec. 2015 
A construction company will be selected in Sept. 2016. i 



RAON Layout: Experimental system 
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RAON System Dev. Performance  



Main facility for nuclear structure and nuclear astrophysics studies  
with low-energy stable and rare isotope beams 



Scientific program at KOBRA 

•  Nuclear Structure 

•  Study of shell evolution in proton- and neutron-rich nuclei: 
Measurements of excitation energy and angular distribution  
Determination of nucleon occupancy in single particle orbit 
(inelastic scattering, (d,p) reaction, nucleon removal reaction, and so o
n) 
 

•  Study of soft dipole and Pygmy dipole resonances using nuclear pro
be, e.g., α, Ca and Pb:   

Measurements of excitation energy and angular distribution (Bound st
ate: ϒ ray spectroscopy, unbound state: missing mass method) 

•  Nuclear Astrophysics 

•  Direct measurement of charged-particle capture cross section, e.g.
, for 65As(p, ϒ) and 15O(α, ϒ) reactions at < ~1 MeV/nucleon 

•  Indirect measurement of radiative capture cross section, e.g., for (
d,p) reaction at a few MeV/nucleon 
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slide from K.H. Tshoo (RISP, IBS) 



T. Sato (RISP, IBS) 
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Though I said “Nuclear physics” is to be ‘New Clear physics” 
thanks to RIB facilities (to come) and supercomputers, … 



Motivation I 

K. K. Kim, YK, Y. Ko, JHEP 1010 (2010) 03
9  

A simple holographic QCD model study has claimed that (a naive) typical 
scale of QCD changes in nuclei.  



Origin of nucleon mass? due to smallness of current quark mass  
 
Can Nuclei do anything for this? 

Motivation II 

Nucleon mass (in the chiral limit) in the linear sigma model 



How about QCD trace anomaly in effective models? 



Motivation III 

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/QCDvac
uum/su3b600s24t36cool30actionEnd.gif 



Nontrivial QCD vacuum does nothing to nuclei? 
Confinement wash it out? 
All encrypted in LECs except chiral symmetry?  



Here, the focus will be on a nucleon mass and a possible role of nu
clear structure in clarifying the origin of the nucleon mass.  



Nucleon mass in the chiral limit: two different pictures  

in parity doublet model 

in linear sigma model 



 Extended Parity doublet model 

“Linear sigma model with parity doubling,” C. E. DeTar and T. Kunihiro, Phys. Rev. D 
39, 2805 (1989) 

Introduce two nucleon fields that transform in a mirror way under chiral transformations: 



The state N+ is the nucleon N(938). while N- is its parity partner conventionally identifi
ed with N(1500). 

Cf. 



D. Zschiesche, L. Tolos, Jurgen Schaffner-Bielich, Robert D. Pisarski, Phys. Rev. C75 (2007) 05520
2 
  

Cold, dense nuclear matter in a SU(2) parity doublet model 



D. Zschiesche, L. Tolos, Jurgen Schaffner-Bielich, Robert D. Pisarski, Phys .Rev. C75 (2007) 05520
2  



may imply m0~mN ? Or, m0  increases as T goes up?   



Motivation: 
 
•  Lower m0 ? 

•  Non-zero isospin density (chemical potential) 

•  Lower Tc for (chiral) transitions? 

•  Any sensitive observables to m0  from nuclear structure or HIC? 

Parity doublet model with HLS 



Hidden Local Symmetry  

Non–linear sigma model HLS 

(HLS has to assume that the kinetic term of the HLS gauge boson is to be generat
ed dynamically) 

A way to introduce vector mesons in chiral Lagrangian 

M. Harada and K. Yamawaki, Physics Reports 381 (2003) 1 



Parity doublet model with HLS 



HLS 



Y.  Motohiro, YK, M. Harada, PRC 92, 025201 (2015) 





Inputs to fix the model parameters 



Symmetry energy 

Liquid-drop model 

Favors N=Z, one may say it is energy cost to convert all the protons in (symmetric) 
nuclear matter to neutrons at a fixed density 



Note that in free space m0=(270-500) MeV 



Density dependence of the binding energy 



slope parameter 

S0=31 MeV 



Phase diagrams for m0 = 900 MeV 

solid: first-order,  
dashed: crossover 
point: critical point (second order) 
 
LGT: 1stà 2nd  
Critical chemical potential  
drops a bit 



Phase diagrams for m0 = 500 MeV 

smaller m0 favors  
smaller critical density for  
chiral phase transition   
both in symmetric and asymmetric  
dense matter 



Preliminary!!! 

Nuclei in RTF 



Preliminary!!! 



Remarks: 
 
Nuclei in a chiral SU(3) model, P. Papazoglou, et al, Phys. Rev. C59 (1999)  
 
Finite nuclei in relativistic models with a light chiral scalar meson,   
R.J. Furnstahl, et al.  Phys. Rev. C47 (1993) 2338 
 
Relativistic chiral mean field model for finite nuclei,  
H. Toki, et al, PPNP 59 (2007) 209 

Summary 

•  RAON will be available from 2020 
•  Parity doublet model might be a framework to say somet

hing about the remnants of QCD in nuclei 
•  Eventually, we need to have model-independent method 

for new clear physics!  


