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 Summary



Korea - 4GSR

 Overview of Korea - 4GSR

• Project: Jul. 2021 ~ Dec. 2027 (6 years)
• Location: Ochang , Chungbuk , Rep. Korea
• Design specifications

- Beam Energy: 4 GeV
- Emittance: <100 pm·rad

• 10 beamlines proposed for the first phase

Parameter 4GSR

Beam energy [GeV] 4 

Beam current [mA] 400

Circumference [m] 798.8

Lattice structure Multi - Bend

Super- period 28

Emittance 62 pm·rad (target <100 pm·rad )

RF frequency 499.88 MHz

Bunch length [ ps] 10.68 (without HC)
53.43 (with HC)

Number of Bunches 1065

Energy spread 0.12%

 4GSR Storage ring specification

Ochang
Rep. Korea

The ultra low emittance in Korea - 4GSR

ESRF- EBS (2022) : 130 pm·rad
APS- U (2023) : 75 pm·rad



10 beamlines proposed in first phase

Beamline Beam Energy
(keV)

Insertion Device Techniques

① BioPharma- BioSAXS 5 – 20 In- Vacuum Undula to r So lution- SAXS

② Materia l Structure  Analysis 5 – 40 In- Vacuum Undula to r Powder XRD
XAFS

③ Soft X- ray Nano- p robe 0.1 – 5 Ellip tica lly Po la rizing Undula to r
In - Vacuum Undula to r

XPS
XAS

④ Nanoscale ARPES 0.1 – 2 Ellip tica lly Po la rizing Undula to r Nano- ARPES

⑤ Coheren t X- ray Diffraction 3 – 30 In- Vacuum Undula to r XRD
CDI

⑥ Coheren t SAXS 8 – 30 In- Vacuum Undula to r SAXS/ WAXS
XPCS

⑦ Real- time XAFS 4 – 40 In- Vacuum Undula to r XAFS

⑧ Bio  Nano  Crysta llograp hy 5 – 20 In- Vacuum Undula to r MX

⑨ High  Energy Microscop y 5 – 100 Centerbend Magnet Pro jection  imaging

⑩ Nano- p robe 5 - 25 In- Vacuum Undula to r Ptychograp hy
XRF

Insertion devices proposed for 10 beamlines: 1 BM, 2 EPUs, and 7 IVUs



In - Vacuum Undulators

Introduce IVU20, IVU22, and IVU24 and photon beam characteristics of three IVUs

IVUs Period, λ u
(mm)

Length
(m)

Number of periods, N Gap size
(mm)

K parameter

IVU20 20 3 150 5 – 18 1.91 – 0.22

IVU22 22 3 136 5 – 18 2.31 – 0.30

IVU24 24 3 125 5 – 18 2.74 – 0.39

 In - Vacuum Undula to rs (IVUs) fo r Korea- 4GSR

D. E. Kim e t a l - J Korean  Ph ys Soc 69 (6), 903 (2016).
D. Attwood – Undula tor Radia tion , Coh erence, and Ap p lica tion

The ultra  low emittance  is best exp lo ited with  undula tor



Open - Source software

Spectra - https://spectrax.org/spectra/
OASYS - https://www.aps.anl.gov/Science/Scientific - Software/OASYS

https://spectrax.org/spectra/

 Sp ectra  OASYS (comp lementary)

h ttp s:/ / www.ap s.an l.gov/ Scien ce/ Scien tific- Software/ OASYS

https://spectrax.org/spectra/
https://www.aps.anl.gov/Science/Scientific-Software/OASYS


Machine parameters of synchrotron radiation facilities

PLS- II Korea - 4GSR APS- U
[Brightness Mode (ref)]

Electron Energy (GeV) 3 4 6

⤷ Lorentz Factor γ 5870 7828 11740

Natura l Emittance ε  (p m ⋅rad) 5800 62 75

Coup ling Constant 0.01 0.1 0.1

⤷ ε x (p m ⋅rad) 5800 56 68

⤷ ε y (p m ⋅rad) 58 5.6 6.8

β x (m) 6.5 6.3 7.0

β y (m) 4.4 2.8 2.4

Horizonta l Beam size σ x (μm) 320 19 22

Vertica l Beam size σ y (μm ) 16 4.0 4.1

Horizonta l Beam Divergence σ x’ (μ rad) 30 3.0 3.1

Vertica l Beam Divergence σ y’ (μ rad) 3.6 1.4 1.7
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Total flux with different gap sizes for Korea - 4GSR IVUs

The harmonic energies will be shifted with 
changing the gap sizes

5mm 6mm

7mm

9mm

Different gap sizes
Fundamental

3rd harm.

5th harm.

7th harm.

𝜆𝜆1𝑠𝑠𝑠𝑠 =
𝜆𝜆𝑢𝑢

2𝛾𝛾∗2
=

𝜆𝜆𝑢𝑢
2𝛾𝛾2 (1 +

𝐾𝐾2

2 )

Fundam enta l h arm onic wavelength

∴ 𝐾𝐾 ∝ 𝜆𝜆1𝑠𝑠𝑠𝑠

∵ 𝐾𝐾 =
0.934𝜆𝜆𝑢𝑢
∆𝐺𝐺
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Changed order of fluxes for IVUs



0 10 20 30 40 50
5

6

7

8

9

10

11

12

13

14

15

16

Be
am

 d
iv

er
ge

nc
e 

(∑
' ho

ri, 
µr

ad
)

Harmonic energy (keV)

 Korea-4GSR IVU20 (3m)
 Korea-4GSR IVU22 (3m)
 Korea-4GSR IVU24 (3m)

 Fundamental
 3rd
 5th
 7th
 9th
 11th
 13th
 15th

0 10 20 30 40 50
5

6

7

8

9

10

11

12

13

14

15

16

Be
am

 d
iv

er
ge

nc
e 

(∑
' Ve

rt.
, µ

ra
d)

Harmonic energy (keV)

 Korea-4GSR IVU20 (3m)
 Korea-4GSR IVU22 (3m)
 Korea-4GSR IVU24 (3m)

 Fundamental
 3rd
 5th
 7th
 9th
 11th
 13th
 15th

0 10 20 30 40 50
18.8

19

19.2

19.4

19.6

19.8

20

 Korea-4GSR IVU20 (3m)
 Korea-4GSR IVU22 (3m)
 Korea-4GSR IVU24 (3m)

Be
am

 s
iz

e 
(∑

ho
ri, 
µm

)

Harmonic energy (keV)

 Fundamental
 3rd
 5th
 7th
 9th
 11th
 13th
 15th

0 10 20 30 40 50
4

4.2
4.4
4.6
4.8

5
5.2
5.4
5.6
5.8

6
6.2
6.4
6.6
6.8

7
7.2
7.4

Be
am

 s
iz

e 
(∑

ve
rt.

, µ
m

)

Harmonic energy (keV)

 Fundamental
 3rd
 5th
 7th
 9th
 11th
 13th
 15th

 Korea-4GSR IVU20 (3m)
 Korea-4GSR IVU22 (3m)
 Korea-4GSR IVU24 (3m)

Source size & divergence for Korea - 4GSR IVUs

σx = 18.93 μm

Horizontal beam size Vertical beam size

Horizontal beam divergence Vertical beam divergence

σy = 4.01 μm

σr

a b

c d

Convoluted photon beam size

Depends on ‘K and N’

Con. photon beam divergence

constant

constant

Largely determined by electron beam size
Same photon beam sizes in Korea - 4GSR IVUs
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𝐹𝐹 =
⁄𝜆𝜆 4𝜋𝜋 2

Σ𝑥𝑥Σ𝑥𝑥′Σ𝑦𝑦Σ𝑦𝑦𝑦

Coh eren t fraction

Decreasing curve attributing
to the wavelength

∑x’ and ∑y’
= IVU20 > 22 > 24

The electron beam size is major determinant in each direction

(to ta l flux × coh eren t fraction)

Highest coherent flux in IVU20,
but missed spectral continuity



Total power for Korea - 4GSR IVUs
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PLS- II Korea - 4GSR APS- U
[Brightness Mode (ref)]

Electron Energy (GeV) 3 4 6

⤷ Lorentz Factor γ 5870 7828 11740

Natural Emittance ε ( pm ⋅rad) 5800 62 75

Coup ling Constant 0.01 0.1 0.1

⤷ ε x (p m ⋅rad) 5800 56 68

⤷ ε y (p m ⋅rad) 58 5.6 6.8

β x (m) 6.5 6.3 7.0

β y (m) 4.4 2.8 2.4

Horizontal Beam size σx (μm) 320 19 22

Vertical Beam size σy (μm ) 16 4.0 4.1

Horizontal Beam Divergence σx’ (μrad) 30 3.0 3.1

Vertical Beam Divergence σy’ (μrad) 3.6 1.4 1.7

IVUs Period, λ u
(mm)

Length
(m)

Number of periods, N Gap size
(mm)

K parameter

Korea- 4GSR IVU20 20 3 150 5 – 18 1.91 – 0.22

PLS- II IVU20 20 1.3 136 6 – 18 1.54 – 0.22

APS- U U21 21 2.7 125 N/ A 1.21 – 0.32

Machine and undulator parameters at different facilities
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10 times
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Source size & divergence at different facilities
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Σ𝑥𝑥Σ𝑥𝑥′Σ𝑦𝑦Σ𝑦𝑦𝑦

Coherent fraction

(total flux × coherent fraction)

Higher γ and lower K parameter
in APS- U U21

~100 times

Similar fluxes and wide spectral energies (4~40 keV)
in Korea - 4GSRIVUs, compared to APS- U U21



Summary

 The Korea - 4GSR attains 62 pm·rad emittance, which is 1/100 that of the PLS - II and 

comparable to that of international synchrotron radiation facilities.
• The ultra low emittance in Korea - 4GSR contributes to the smaller electron beam size and divergence, 

resulting in improved coherence .

 The three IVU types for the first phase of Korea - 4GSR is considered with the 

different lengths of magnet periods: IVU20, IVU22, and IVU24.
• IVU20 has a excellent coherent flux, IVU22 and IVU24 provide the continuous spectral energies.

• The IVUs of Korea - 4GSR offer the superior beam characteristics compared to that of PLS - II, enabling 

enhanced flux, spectral energy, coherence, primarily due to their ultra - low emittance.

• The beam characteristics of IVUs of Korea - 4GSR appear to be appropriate over a wide range of the 

photon energies, and their characteristics are similar with the U21 of APS - U

IVUs Flux Coherent flux Spectral continuity Heat load efficiency

Korea - 4GSR IVU20 1 (Best) 1 (Best) Missed spectral energy
(7.4 – 8.1 keV)

12 kW (Best)

Korea - 4GSR IVU22 0.75 0.8 Continuous
at gap size <5.58 mm

15 kW

Korea - 4GSR IVU24 0.7 0.6 Continuous
at gap size <6.46 mm

17 kW
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Supplementary
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The inherent photon beam size and divergence

λ u = undula to r p eriod length
N = num ber o f p eriods
γ * = effective Loren tz facto r o f electron  beam

Th e electron  beam  size and divergence

ε x,y = em ittance fo r h ori. and vert.
β = beta  function  in  la ttice design

Th e convoluted p h o ton  beam  size and divergence

Th ey are la rgely determ ined by th e electron  beam  size and divergence

Ultra  low em ittance, resulting in  m in im ized electron  beam  size and divergence,
im p roves th e brilliance and coh eren t fraction
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