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My Personal View 
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PAL-XFEL RISP 

EBIS (IBS + UNIST et al.) 
+ 
KOBRA (EHWA + SKKU et al.) 
LAMPS (KU + PNU et al.) 
= Nuclear Astrophysics 
 

REPRODUCING  
ASTROPHYSICAL PHENOMENA 

IN A CONTROLLED MANNER  

EBIT (UNIST + MPIK et al.) 
+ 
Beamline (PAL + UNIST et al.) 
= X-ray Astrophysics 
 



Accelerator Projects in Korea 
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+ several smaller accelerator facilities (electron, proton, heavy ion) 



Beam Parameters 
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Parameter PAL-XFEL RISP 
Species Electron Proton ~ Heavy ion 

Energy 10 GeV 200 MeV/u for U79+ 

Beam current 3 kA (0.2 nC/100 fs)  8 pmA U79+ 
Rep. Rate <120 Hz CW 

Linac Structure 3 Bunch Compressors 
2.856 GHz (S-band) 

SCRF: 
QWR (81.25 MHz), 
HWR (162.5 MHz), 

SSR (325 MHz) 

Research Areas 

Material science, 
Chemistry/Biology, 
Atomic/Molecular,  
Condensed matter, 

Surface/cluster, 
Non-equilibrium plasma, 

Warm-dense plasma 

Nuclear physics, 
Nuclear Astrophysics, 
Bio-medical science, 

Material science, 
Neutron science 

~ LCLS(SLAC) ~ FRIB(MSU) 



PAL-XFEL 
(Pohang Accelerator Lab.-XFEL) 
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Project Summary 
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PLS-II 
(3GeV/400mA) 

0.1 nm Hard X-ray using 10GeV XFEL 

(Max photon flux: >1.0x1012 photons/pulse) 

• Project Period: 2011 ~ 2015 

• Total Budget: 400 M$   

PAL-XFEL 

1.1 km 

170 m 

Time resolve: ~picosecond 

1024 1034 

PSL-II PAL-XFEL Sun 

> > 

Peak Brilliance 

Time resolve: ~femtosecond 

280 m 



Layout and Parameters 
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Undulator Line HX1 SX1 

Wavelength [nm] 0.06 ~ 0.6 1 ~ 4.5 

Beam Energy [GeV] 4 ~ 10 3.15  (2.55) 

Wavelength Tuning 0.1 ~ 0.06 (Undulator Gap) 
0.6 ~ 0.1 (Beam Energy) 

3 ~ 1 (Undulator gap) 
4.5 ~ 3 (Beam Energy) 

Undulator Type Planar Planar + APPLE II 

Undulator Period [mm] 26  34 

Undulator Gap [mm] 8.3 8.3 
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[From H. S. Kang] 
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[From H. S. Kang] 



UNIST Activities 
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• Development of electron beam ion trap (EBIT): 

• Beam-driven plasma wakefield acceleration program:  

Modulated beam density profile  
and longitudinal wake-field Ez 

PIC Simulations 

Plasma source development 

Beam manipulation 
/diagnostics 



11 

𝑛 ≈ 1018 cm-3, which corresponds to 
𝜆𝑝 ≈ 30 𝜇m (or around 100 fs) 

UNIST contribution = 2/93 
20 MeV  2 GeV in 10 m  



RISP 
(Rare Isotope Science Project) 
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Budget:  US$ 1.44 B (1 B$~1T Won) 
                                  - accelerators and experimental apparatus : 0.46 B$ 
                                  - civil engineering & conventional facilities : 0.98 B$ (incl. construction site purchase)       
                                                                                                         
Period:   2011.12 ~ 2021.12 (10.1 years) 

[From S. C. Chung] 



Construction Site 
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[From S. C. Chung] 



SRF Test Facility 

15 [From S. C. Chung] 



UNIST Activities 
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• Development of electron beam ion source (EBIS): 
Conceptual layout of EBIS 

Electron gun test 

• Beam diagnostics/Beam loss monitoring: 

[From Y. S. Chung] 
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CHEA 
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CHEA 
(Center for High Energy Astrophysics) 



Goal of the Center's proposed research 
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Using intense ion and photon 
beams generated by large-
scale accelerator facilities in 
Korea 



Main Research Area 1 
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• The ICM is superheated plasmas with T ~ a few - several keV, presented in clusters of 
galaxies. 

• The so-called non-thermal components of the plasmas (magnetic fields, CRs and 
turbulence) are expected to play significant roles in the formation and observation of 
clusters, so our understanding of the universe.  

Theory and simulation of the Intracluster medium (ICM) 



Main Research Area 2 
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Theory and simulation of Compact Objects 

• Depending on its initial mass and detailed evolution history, a single star evolves to either 
white dwarf, neutron star, or black hole, which are named as compact objects collectively. 

• Compact objects are at the center of numerous astrophysical phenomena that involve 
high energy and/or high density physics and nuclear physics. 



Main Research Area 3 
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X-ray Spectroscopy of Highly-Charged Ions (HCI) 

• X-FEL’s have expanded the use of laser spectroscopy technique into the X-ray domain.  
• High-precision studies of the interactions between X-ray photons and highly-Charged Ions 

(HCI) created by EBIT are possible, including the investigation of the photoionization and 
photorecombination of the HCI.  

• These processes determine radiation transport in stars and in the photo-ionized plasmas 
surrounding compact objects such as black holes and neutron stars. 

More from Mr. Park and Mr. Yoo (UNIST) 



Main Research Area 4 
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Nuclear Astrophysics Using Rare Isotope (RI) Accelerator 

rapid proton capture process 

rapid neutron capture process 

• The primary purpose of rare isotope accelerator is to produce unstable nuclei which have 
more protons or neutrons than stable nuclei.  

• These unstable nuclei are ubiquitous in numerous astrophysical phenomena, for example, 
stellar evolution of massive stars, explosion on the surface of compact stars, core-collapse 
and accretion-induced supernova. 

• Production (ISOL/IF, Charge Breeding) and measurement (Recoil Spectrometer) of 
unstable nucleus require huge amounts of experimental resource and effort. 

More from Prof. Chae (SKKU) 

http://ribf.riken.jp/~yshimizu/index.php?SAMURAI


Main Research Area 5 
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Pump-Probe Measurements of High Energy Density (HED) Matter 

• High energy density (HED) matter is defined as having an energy density above 1011 joules 
per cm3, which is equivalent to 100 GPa (1 Mbar) pressure and 500 T magnetic pressure.  

• The XFEL can be used either as a pump or as a probe to study time- and spectrally-
resolved properties of the HED. 

• Hot Dense Matter (HDM) occurs in supernova, stellar interiors, and accretion disks, while 
Warm Dense Matter (WDM) occurs in cores of large planets. 

Prof. B.I. Cho (GIST) 
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   Thank you for your attention  
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