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Large Accelerators in Korea

4GSR
(4th Generation 

Storage Ring)

RAON
(Rare isotope Accel. complex 

for ON-line experiments)

SGCC-HITS
(SNUH Gijang Cancer Center

of Heavy Ion Therapy and Study ) 4



Large Accelerators in Korea: Parameters

Parameter PLS-II KOMAC PAL-XFEL RAON

Species Electron Proton Electron Proton ~ Heavy ion

Energy 3 GeV 100 MeV 10 GeV 200 MeV/u for U79+

Beam current 400 mA 20 mA (1.33 ms) 3 kA (0.2 nC/100 fs) 8 pmA U79+

Rep. Rate 499.973 MHz (ring) 60 Hz 120 Hz CW

Accelerating 

Structure

NC S-band (linac)

SCRF (ring)

Vane-type RFQ

350 MHz DTL

3 Bunch Compressor

2.856 GHz (S-band)

SCRF:

QWR (81.25 MHz), 

HWR (162.5 MHz),

SSR (325 MHz)

Research Areas

Condensed matter,

Surface/Cluster,

Material science,

Chemistry/Biology,

Energy/Medicine

Nano, Bio, IT, Space, 

Radiation, Medical etc.

Atomic/Molecular, 

Condensed matter,

Surface/cluster,

Material science,

Chemistry/Biology,

Non-equilibrium plasma,

Warm-dense plasma

Nuclear physics,

Bio-medical science,

Material science,

Neutron science

~ front end of 

SNS/ORNL 
~ LCLS/SLAC ~ FRIB/MSU 

~Typical 

3GSR 5



Electron Accelerator (PAL-XFEL)
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[Courtesy of H. S. Kang]



PAL-XFEL

2011:    PAL-XFEL project started

2016:    Commissioning started

2017:    User-service started

2019:   HX self-seeding user service 

Hard X-ray experimental 

hall

NCI

hutch

XSS

hutch

Undulator hall (HX)
Variable gap out-vacuum undulator (5m)

LINAC tunnel

S-band accelerating

Klystron gallery

PLS-II

POSTECH
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 FEL intensity jitter  < 5% RMS

 FEL position jitter < 10% of beam size

 FEL central wavelength jitter 0.024 % (1/5 of SASE BW) 

 Relative electron beam energy jitter 1.2 x 10-4

 Electron beam arrival time jitter 12 fs

 Timing jitter 18 fs (rms) 

between X-ray pulses and optical pulses 

 HX: 2.0 ~ 15.0 keV    : mJ level intensity  ( > 1.5 mJ )

15 ~ 20 keV : 0.4 ~ 1 mJ

 SX:  0.25 ~ 1.25 keV  :  0.3 ~ 0.7 mJ

 FEL duration               : 20 ~ 30 fs

 Beam availability       :  > 98%   

 A reliable FEL beam with high timing stability is provided to users
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12.1 fs in rms

Electron beam arrival time jitter Histogram

FEL beam performance of PAL-XFEL
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Nature Photonics, 11, 708–713 (2017)
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PAL-XFEL
- No timing jitter correction
- Phonon oscillation is very clear

LCLS
Data binning (jitter correction) is necessary

FWHM = 42 fs
(rms = 18 fs)

Timing Jitter Histogram
(between Laser and XFEL at sample)

 best performing time-resolved pump-probe experiment

PAL-XFEL: Femtosecond-scale timing jitter
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Narrow Bandwidth for Science Applications

~1Å SASE FEL

- Very spiky and broad spectrum
- Spectral bandwidth ~ 0.2 % of photon energy (~ a few tens of eV)
- Monochromator is used for narrow band ( < a few eV)

SR FEL: SASE FEL: SS

Monochromator is 

necessary?
Yes Yes No (?)

Intensity Very weak weak Very strong

Repetition rate > 100 MHz ~100 Hz ~100 Hz

Time resolved ~ ps ~  fs ~ fs

Self-seeding at 9.7 keV (850 mJ)

SASE at 9.7 keV (1.5 mJ), PAL-XFEL

 X-ray Absorption Spectroscopy requires a high intensity, coherent X-ray beam 
which is tunable over a wide energy range  Monochromator is necessary

Double crystal monochromator

Si-111
Energy Resolution ~ 2x10-4
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SS BW: 0.19±0.01 eV1. Sideband effects are substantially suppressed by a laser heater (LH)

2. Close to Fourier-transform limited:  

Time-bandwidth product: (BW) x (FEL duration) = (0.19 eV) x (20fs) =  3.8 eV· fs  ~  2 X FTL 

3. BW is reduced by 70 from SASE. 

4. Spectral brightness of Self-seeding is 40 times the SASE 

Inhyuk Nam et al. High-brightness self-seeded X-ray free-electron laser covering the 3.5 keV to 14.6 keV range.

Nature Photonics 15, 435-441 (2021)

9.7 keV

SASE BW:  13.0±0.1 eV 

reduction 
by 70 

C*[100]
100 μm

C*[110]
30 μm

PAL-XFEL Hard X-ray Self-seeding
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 LCLS-II:  4-GeV SCRF (Superconducting RF) Linac, ~2022 

 LCLS-II-HE:  Add more cryomodules to LCLS-II to reach 8 GeV, ~2029  

 SHINE (Shanghai HIgh repetition rate XFEL aNd Extreme light facility): 8 GeV SCRF Linac, 1.5B US$, ~2025

 Operating Temp: 2 °K

 Q0 = 2.7 x 1010  at 21 MV/m

Q =
𝜔𝑈

𝑃𝑙𝑜𝑠𝑠
𝑃𝑙𝑜𝑠𝑠 = 𝐼2 𝑅

 CW SC RF electron Linac with electron beam pulse repetition rate of > 1 MHz

 Superconducting RF technology has improved substantially for the past 10 years 
(SLAC, Fermilab and Jefferson lab)

 N-doping & Mid-T baking method improve Qo up to 3 x 1010

 lower the cryogenic system cost
 lower the electricity consumption  

CW XFEL
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[From Nikolaos Vassilopoulos: New suggestions from China…]
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[From Nikolaos Vassilopoulos: New suggestions from China…]
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[From Nikolaos Vassilopoulos: New suggestions from China…]
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Proton Accelerator (KOMAC)
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[Courtesy of H. J. Kwon]



KOMAC (KOrea Multipurpose Accelerator Complex)
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KOMAC Site
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LINAC Overview
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Eventual Goal: Spallation Neutron Source

20



Worldwide Proton Accelerators
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Future Plan: Staged Approach
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[From Nikolaos Vassilopoulos: New suggestions from China…]
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[From Nikolaos Vassilopoulos: New suggestions from China…]
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Heavy Ion Accelerator (RAON)
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[Courtesy of Y. S. Chung]



RAON: Rare isotope Accelerator complex for ON-line experiments
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Bird’s-eye-view of RAON
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Accelerator System
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Accelerator System

2nd phase
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RAON μSR facility

After the 2nd phase, the RAON will provide 600 MeV and 100 kW (one-fourth of the maximum power) proton beam:

Composition of target system

muon 
beam 
transport 
system
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[From Nikolaos Vassilopoulos: New suggestions from China…]

31



[From Nikolaos Vassilopoulos: New suggestions from China…]
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Accelerator-Based Neutrino/Muon Physics in Korea
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Summary

• Several large-scale accelerator projects are undergoing in Korea. Whereas 
these accelerators are not suitable for neutrino/muon physics yet, future 
upgrades may enable some physics programs. 

• Ideas and inputs from the international and domestic user communities 
are crucial in developing future upgrade strategies. For example, China 
seems manage to incorporate some neutrino/muon physics programs in its 
accelerator projects. 
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