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Korea-4GSR Outline

×Korea-4GSR Project

- Period: 2021 July to 2027 (Expected extension for 2years)

- Budget: 1.0454 Trillion KRW (Ғ USD 750M)

- Land: 540,000 / Building:  69,400 

- Location: Ochang, Chungcheongbuk-do

Specifications

- Beam Energy: 4 GeV

- Beam Emittance: less than 100 pm·rad (TDR: 62 pm·rad)

- Circumference: 800m

- Beamlines : more than 40

- Accelerator: Gun, Injector LINAC, 4 GeV Booster

- Lattice: Hybrid 7 Bend Achromat(H7BA)
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Project Timeline (draft)

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

TDR

Site Construction

Accelerator & Beamlines

Building & Facility Construction

Korea-4GSR(Multipurpose Synchrotron Radiation Construction) Project

Operation

Installation

Commi-
ssioning

- As a total cost controlled project, this project requires official design reviews (with budget)
by the Government in 3 stages.

- Among 3 stages, the 3rd design review is expected to be finished in July 2024. After this the project budget and schedule will be 
finalized

1st design
Review 

2nd design
Review 

3rd design
Review 

Building Design
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Project Governance

Ministry of Science and ICT

Local 
Government

(Chungchengbuk
-do/Cheongju -si)

Korea-4GSR Project
(KBSI)

Accelerator
(PAL)

Beamlines
(PAL)

Facility 
Construction

(KBSI)

Site 
Construction

Project 
Evaluation 

Council

Korea Basic Science Institute (KBSI) is 
responsible for the whole project and in 
charge of Project Management and 
Facility Construction

Pohang Accelerator Laboratory (PAL) is 
a joint partner and re sponsible for 
Accelerators and Beamlines construction
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Construction Site

< Site View >

< Land Plan >

Accelerator

SITE
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Design Features of Korea-4GSR

×High photon beam performance from storage ring

- The best performance in the range of 10 ς30 keV

- Capability to generate photon beam up to 100 keV

× Considering well demonstrated technologies for the design

- Off-axis injection with conventional injection scheme

- General technologies for magnet and vacuum systems

- On schedule user service and full performance

× Synergy with PLS-II and PAL-XFEL

- Supporting full range of synchrotron radiation application

Å 200 MeV, photocathode linac
Å 773 m, booster ring (200 MeV to 4 GeV)
Å 800 m - 4 GeV, storage ring
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LINAC building

Utility building
(Electricity, HVAC)

Utility building
(LCW)

Storage ring & Booster ring
in the same
Accelerator tunnel

Experimental hall

Overall View of Accelerator Facility
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Main Parameters of Korea-4GSR Storage Ring

General Parameter Value

Energy [GeV] 4.0

Beam current [mA] 400

Nat. Emittance [pmɟrad] 61.57 (without IDs), 52.55 (with 9 Ids)

Emittance coupling [%] 10

Energy spread 1.26E-3

BunchLength(rms) [mm] 3.6(without HC) / 14.4 (with HC) 

Lattice
Hybrid 7 Bend Achromat, 28-regular sectors,
with 24 regular straights and 2 H- s̡traights 

Ring Circumference  [m] 799.297

Length of StraightSections [m] 6.06

Tune (H/V) 68 / 23

(corrected) Chromaticity (H/V) 5.8 / 3.5

Momentum compaction factor 7.8 x 10-5

Numberof buckets 1332

Injectionscheme 4 Kicker bumps, off-axis, 2Hz

RF Parameter 

RF frequency [MHz] 499.5935

RF Voltage [MV] 3.5

Energy loss per turn  [KeV] 1098 (with 9 IDs: 1449)

Lifetime @flat mode [h] > 4
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Features

Reverse Bends (RB)Longitudinal Gradient
Bends (LGB1/LGB2)

Center Bend (1.96 T)

Reverse Bends (RB)

Storage Ring Lattice (Hybrid 7-Bend Achromat, H7BA)

ÅThe storage ring is a 800 m ς4 GeV ς28-cell ring with natural 
emittance of 62 pm

ÅThe unit cell is a H7BA with 2-T center bend
ÅIt exploits longitudinal gradient bends (LGBMs) and reverse bend 

(RBs) to suppress emittance
ÅThe storage ring design has been evolved from a circular ring to a 

race-track ring to achieve best compromise between dynamic 
aperture, Touscheklifetime and matching between photon beam 
and electron beam
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Dynamic Aperture and Momentum Aperture

Dynamic aperture

Momentum aperture

Physical aperture limit for 
all elements (mm):
x = [-12, 12]
y = [-9, 9]

- Results with 50 random error seeds
- Realistic correction chain (orbit correction, LOCO, etc) is applied for each seed
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LINAC, 200 MeV
× LINAC parameters

Parameters Multi -bunch Single-bunch

Energy 200 MeV 200 MeV

Frequency 2997.56 0.1 MHz 2997.56 0.1 MHz

Emittance (at 200 MeV) 10 nm 10 nm

Relative energy spread (rms) 0.3% 0.3%

Pulse to pulse energy jitter (rms) 0.2% 0.2%

Bunch charge (charge stability) 1 to 3 nC(5%) 0.01 to 1 nC(2%)

Pulse duration
128 ns (64 
bunches)

6-8 psFWHM

Repetition rate 2 Hz 2 Hz

Pre-Injector,
including photo-cathode electron gun

(Alternative design: thermionic DC electron gun)

175 MW Modulator
& 70 MW Klystron

Two 46-MeV acceleration tubes 

Two 52-MeV acceleration tubes 

Drift space 
for future energy upgrade

Parameters Multi -bunch Single-bunch

Beam energy 4 MeV 4 MeV

Charge 1ŀ3 nC 0.01ŀ1 nC

Pulse length 128 ns (64 pulses) Җнл ps

Repetition rate 2 Hz 2 Hz

× Electron gun parameters

Prototype of 3GHz Acceleration tube
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Booster Ring 

1. Same tunnel with SR.

2. Enough dynamic aperture: (Ax: -27~27 mm, Ay: -14~ 14 mm). 

3. Lattice

Booster Parameters Value Unit

Design 
Parameters

Cell Number 30 -

Length 772.9 [m]

Electron Energy 0.2 - 4 [GeV]

Natural Emittance (0.2/4 Gev) 20 / 7886 [pm rad]
Max. Beam Current 2 mA

Tune and 
Chromaticiy

Tune (H/V) 19.208 / 13.174 -

Natural Chromaticity (H/V) -27.1 / -18.3 -

Radiation 
related 

quantities 
at 4 GeV

Energy Loss per Turn (0.2/4 GeV) 0 / 1671.3 keV

Energy Spread (0.2/4 GeV) 0.005 / 0.106 %

Horizontal Damping Time (0.2/4 GeV) 67937 / 8.5 ms

Vertical Damping Time (0.2/4 GeV) 98724 / 12.3 ms

Longitudinal Damping Time (0.2/4 GeV) 63824 / 8.0 ms

Synchrotron Frequency (0.2/4 GeV) 20682 / 4235 Hz

Synchrotron Tune (0.2/4 GeV) 0.017 / 0.0109

Bunch Length (0.2/4 GeV) 0.36 / 11.1 mm

Å 30 FODOFODO cells (length = 25.7631 m) 
(with 60 combined bending magnets) 

Å 4.8 m & 5.6 m straight sections
Å Slightly race track design (as is storage ring)

ßxßy

x́

dE/E = 0 dE/E = 1% dE/E = -1%

× Booster parameters

× Dynamic aperture

AFAD 2024 ςOverview of Korea-4GSR Project  



16

MPS scheme of booster magnets

Å (DM) 4 coils per each dipole magnet
Series connection between magnets
4 MPSs for all dipole magnets (60 EA)

Å (QM) Series connection between magnets
Å (SM) Series connection between magnets

Ramping curve of magnet
Ramping cycle : 2Hz

Stay 10 ms

with 200 MeV 

250 ms ramping  

upto 4 GeV

Stay 30 ms

before extraction

× Powering scheme of dipole magnets

Booster MPS Prototype in progress
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Injection to Storage Ring

× Booster extraction 

× Booster-to-Storage ring beam transport line(BTS)

× Baseline design: SR 4-kicker bump, off-axis injection
Alternative design: Non-linear kickers 

Parameters Values

Pulse width 5.2 [˃ sec]

Pulse flat-top width 200 [nsec]

Pulse current 5 kA

Pulse current difference +/- 0.2%

Repetition rate 2 [Hz]

× Pulse characteristics 
of SR kickers
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Beam Injection Efficiency (simulation)

Maximum dynamic aperture
Injected 

beam

Increase # of turns

ȶ 10 turns

ȶ 1000 turns

ȶ 2000 turns

ȶ 4000 turns

Minimum dynamic aperture

E
ff

ic
ie

n
c
y

E
ff

ic
ie

n
c
y

Good efficiency (~100 %) 

region

× Footprint of injected beam after injection
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Magnet System ςStorage ring

LGBM
CB

Dipole-Quadrupole

(DQXX, 56ea)

Quadrupole

(QXX, 344ea)

Sextupole

SXX, 168ea)
Octupole

(OXX, 56ea)

H/V Corrector

(CXX, 112ea)

AFAD 2024 ςOverview of Korea-4GSR Project  

(456 magnets for booster)

1576+

Magnets Required Number Remark

Center BM (2T) 28 1*28

Long. BM 112 4*28

Reverse Bend 168 2*3*28 (should have B, Bô)

Quad Bend 56 2*28 (should have B, Bô)

Quadrupoles 344 6*2*28+8(QH)

Sextupoles 168
6*28 (should have Bò, H/V Corr, Skew 

Quad)

Fast Corr. 112 4*28 (H/V combined corrector)

Octupole 56 2*28

SUM 1044 Total number of SR magnets
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Magnet System ςBooster ring

Combined Bending Magnet
(60ea)

Quadrupole
(66ea)

Sextupole
(60ea)

Corrector
(240ea)

AFAD 2024 ςOverview of Korea-4GSR Project  Number of Magnets for Korea-4GSR 

1044 for storage ring

456 for booster ring
(60 dipoles, 66 quadrupoles, 60 sextupoles, 30 skewquads, 240 correctors)

56magnetsfor transfer lines(LTB, BTS) and injection/extraction

41 magnets for linac

Total numberof Korea-4GSR magnets= 1044 + 456 + 56 + 41 = 1597
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RF System ςStorage ring

Parameters Values unit

Energy [GeV] 4.0 GeV

Current [mA] 400 mA

Circumference [m] 799.297 m

Revolution time [sec] 2.67E-6 sec

Harmonic number 1332 -

Electron energy loss/turn (keV) with 

IDs
1877.65 keV

Beam loss power by synchrotron 

radiation [kW] 
751.06 kW

RF frequency [MHz] 499.593 MHz

Accelerating Voltage [MV] 3.5 MV

Number of RF cavities 10 ea

×Characteristics of SR RF System

Å Cavity : HOM-damped normal conducting cavity

Å HPRF : 150 kW solid state amplifier per unit

Å LLRF : digital type

Å RF Transmission : WR1800 Waveguide

Å Independent 10 RF circuit, occupying 2.5 straights

Longitudinal HOM impedance Transverse HOM impedance

TheauxiliarysystemsuchasTFS/LFSand/or harmoniccavityto suppress
coupled-bunchinstability(CBI)isnecessaryfor storing>300mA.

Cell 15A
High beta section

Cell 14A

Cell 13A
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Configuration of SR RF circuit

SSPA power Combiner Prototype

3rd Harmonic Cavity Prototype
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(10 stations)


