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Outline ICABU 2023

> Korea-4GSR

« Qverview

* 10 beamlines proposed in first phase

» In-Vacuum Undulators in Korea -4GSR

 Three IVU types

 Photon beam characteristics

» In-Vacuum Undulators in different synchrotron radiation facilities
* Undulator types

 Photon beam characteristics

» Summary



Korea-4GSR

ICABU 2023

» 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

Ochang
Rep. Korea

-

» 4GSR Storage ring specification

The ultra low emittance in Korea

ESRKEBS (2022) : 130 pm-rad
APS U (2023) : 76 pm-rad

Beam energy [GeV]

7z AN Parameter 4GSR
7 Storage Ring AN

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%




10 beamlines proposed in first phase

Beam Energy | Insertion Device Techniques
(keV)

@D BioPharma-BioSAXS 5-20 In- Vacuum Undulator Solution- SAXS
[} Material Structure Analysis 5 —40 In-Vacuum Undulator ;Z\i:vger ARD
Elliptically Polarizing Undulator XPS
Ll St 2Crmay Neio-pioloe 0.1=3 In-Vacuum Undulator XAS
) Nanoscale ARPES 0.1 -2 Elliptically Polarizing Undulator Nano- ARPES
: : XRD
1 Coherent X-ray Diffraction 3 —30 In-Vacuum Undulator CDI
] Coherent SAXS 8 —30 In-Vacuum Undulator Zan G
XPCS
] Real-time XAFS 4 —-40 In-Vacuum Undulator XAFS
1 Bio Nano Crystallography 5-20 In-Vacuum Undulator MX
1 High Energy Microscopy 5-100 Centerbend Magnet Projection imaging
] Nano-probe 5-25 In-Vacuum Undulator ;tlz;hography

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



In-Vacuum Undulators
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» In-Vacuum Undulators (IVUs) for Korea-4GSR

IVUs Period, A, Length Number of periods, N Gap size K parameter
(mm) (m) (mm)

IVU20 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

Introduce IVU20, IVUZ22, and IVU24 and photfon beam characteristics of three I[VUs

D. E. Kim et al - J Korean Phys Soc 69 (6), 903 (2016).
D. Attwood — Undulator Radiation, Coherence, and Application



Open - Source software

» Spectra » OASYS (complementary)

Argonne &
SPECTRA: a synchrotron radiation calculation code OASYS - OrAnge SYnchrotron Suite
[ Home | Getting Started | Download | Screen Shots | Version History | EEETACES | | (DD
Welcome to SPECTRA home page https://www.aps.anl.gov/Science/Scientific- Software/ OASYS

2023/09/27: Version 11.2.0 has been released

What is SPECTRA?

SPECTRA is an application software to calculate optical properties of synchrotron radiation (SR) emitted from bending
magnets, wigglers {(conventional and elliptical} and undulators (conventional, helical, elliptical and figure-8). Calculations
of radiation from an arbitrary magnetic field distribution are also available. Parameters on the electron beam and the
source can be edited completely on graphical user interfaces (GUIs) and it is possible to show the calculation result
graphically. The energy spectrum and radiation power after transmitting various filters and convolution of detector's
resolution are also available.

The evolution of the hardware platiorms, the modernization of the software fools, the access to the codes by a large number of young people and
httDS s pectrax.o rqlS pectra/ the popularization of the open source software for scientific applications drove Dr. Luca Rebuffi (ANL) and Dr. Manuel Sanchez Del Rio (ESRF) to
design OASYS (ORange SYnchrotron Sie), a completely new graphical environment for modeling beamines and X-ray experiments. The
implemented software architecture allows to obtain not only an intuitive and very-easy-to-use graphical interface, but also provides high flexibilty
. L ) ) ) ) and rapidity for interactive simulations, allowing to make quick configuration changes to compare multiple beamline configurations Its purpose is to
8 SPECTRA 11.1.2 - CWchangwanhaWi1_4GSR¥insertion deviceWSpectra dat#ivu24 json integrate in a synergetic way the most powerful calculation engines available. OASYS integrates different simulation strategies via the
implementation of adequate simuiation tools for X-ray Optics (e.g. ray tracing and wave optics packages). It provides to several tools a language let
communicate by sending and receiving encapsulated data. Python has been chosen as the main programming language, because of its universality

File  Select Calculation Run Parameter Set  Edit  Help and popularity in scientific computing. The software Orange, developed at the University of Liubljana (SLO), is the high level workflow engine that

provides the interaction with the user and communication mechanisms.

Main Parameters

OASYS itself looks like an empty container. APIs are released as distinct groups of widgets called Add-Ons, and the can be installed, uninstalled or
upgraded by a using a specific form (Add-On manager): the list of available APIs is shown and the user can customize its OASYS appearance. Add-

- S Ons are python packages that follow the Python Package Index (Pypi) specifications, and they are all uploaded in the Pypi database. OASYS
Accelerator ht urce automatically detect when one or more Add-Ons have a newer version in the Pypi database, and propose to the user the upgrade them, in order to

keep the installed APIs always at their last release.

Shadow Light Sources

Py (M) 6334 | 2841 ||z . (mmmrad) 0.01930, 8.475¢-3

| Storage Ring v| | Linear UndUIatDr v| The available APIs are: ShadowOui, SRW, XOPPY (XOP in PYthon), XRayServer, DABAM
Energy (GeV) 4 Gap (mm) 522037 An video introduction to OASYS can be found here
Current (mA) 400 B (T) 0856486 -
i - Syned Light Sources
Circumference (m) 799297 Ay (mm) 20 B e ovical Eroments
Bunches 1065 Device Length (m) 3 = s
= o= Syned Tools -
g (mm) 4058 Reg. Magnet Length (m) 2.96 e S—— - &F
Nat. Emittance 7| || # of Reg. Periods 148 e Scanning, Looos Undlitator Ragiation Mulilayet s
] (m.rad) [6.22395e1 S . o o
T ST R K value 159545 WL Wofry Wavefront Propag-- 2.
Enef gS end 0.001253?3 Eqgt (EV) 333333 75 Wofry Ontical Elements
gy =p ' Orp (MM.mrad)  3.734e-3, 7.927e3 ) Woiry Tools
)

Oy -247e6| |247e6|||5 . (mmmrad) 5.479e3, 8.051e3 Shadow Advanced Light -

ﬂf.y (m) 2.043e-4 (0 Aqgt (nm) 0.371953 ~ - Shadow Optical Elements

My 2.043e-¢| |0 Fluxqgt 3.36638e+15 A Shadow Compound Oplic- okev 50

Peak Current (A) 295132 || Brilliance 1.18188e+22 T e T i armonic o
A _ 5 ptica-- K = 2.496029 *

gy (mrad) 5.658e-11. 5.658e-12 || peak Brilliance 8.72024e+23 Q Shiadow Soacial Elemant 7

Ty y (Mm) 0.01893, 4.010e-3 || Bose Degeneracy 18.7104 @ adow mpacial ements it

Oy (mrad)  3.000e-3, 1.411e-3 || Total Power (kW) §.79234 | Shadow PostProcessor Pt xv

£, Shadow PreProcessor

v (mrad) 0.12775 || Gap-Field Relation
[JZero Emittance Field Structure

[ Zero Energy Spread End Correction Magnet

L L
®RD
Capillary

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


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

Machine parameters of synchrotron radiation facilities

Korea-4GSR ?Biiih?ness Mode (ref)]

Electron Energy (GeV) 3 4 6

b Lorentz Factor y 5870 7828 11740
Natural Emittance ¢ (pm-rad) 5800 62 75
Coupling Constant 0.01 0.1 0.1

b ex (pm-rad) 5800 56 68

b ey (pm-rad) 58 5.6 6.8

px (m) 6.5 6.3 7.0

By (m) 4.4 2.8 2.4
Horizontal Beam size ox (um) 320 19 22
Vertical Beam size oy (um) 16 4.0 4.1
Horizontal Beam Divergence ox’ (urad) 30 3.0 3.1

Vertical Beam Divergence oy (urad) 3.6 1.4 1.7



Total flux with different gap sizes for Korea  -4GSR IVUs 1, ABU 5025

The harmonic energies will be shifted with
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Photon flux & energy spectrum for Korea -4GSRIVUs |CABU 5002
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Horizontal beam size
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Coherent fraction & flux for Korea

-4GSR IVUs

Horizontal coherent fraction
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Total power for Korea -4GSR IVUs ICABU 2023
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Machine and undulator parameters at different facilities

APS— U

Electron Energy (GeV)

b Lorentz Factor y 5870 7828 11740
Natural Emittance € (pm-rad) 5800 62 75
Coupling Constant 0.01 0.1 0.1
L ex (pm-rad) 5800 56 68
L ey (pm-rad) 58 5.6 6.8
Bx (m) 6.5 6.3 7.0
Py (m) 4.4 2.8 2.4
Horizontal Beam size ox (um) 320 19 22
Vertical Beam size oy (um) 16 4.0 4.1
Horizontal Beam Divergence ox (prad) 30 3.0 3.1
Vertical Beam Divergence oy (urad) 3.6 1.4 1.7

IVUs Period, A, Length Number of periods, N Gap size

(mm) (m) (mm)
Korea-4GSR IVU20 150 5-18 1.91 - 0.22
PLS-1I IVU20 20 1.3 136 618 1.54 - 0.22

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



Photon flux & energy spectrum at different facilities ICABU 2002

Beam total flux
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Source size & divergence at different facilities

Horizontal beam size Vertical beam size Convoluted photon beam size
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Coherent fraction & flux at different facilities

Horizontal coherent fraction

Vertical coherent fraction

Coherent fraction
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ICABU 202

> The Korea -4GSR attains 62 pm-rad emittance, which is 1/100 that of the PLS -Il 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 1IVU24 provide the continuous spectral energies.
. The IVUs of Korea -4GSR offer the superior beam characteristics compared to that of PLS - 11, 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
Coherent flux Spectral continuity Heat load efficiency
Korea-4GSRIVU20 1 (Best) 1 (Best) Missed spectral energy 12 KW (Best)
(7.4 — 8.1 keV)
Korea-4GSRIVU22 0.75 0.8 Continuous 15 kKW
at gap size <5.58 mm
Korea -4GSRIVU24 0.7 0.6 Continuous 17 kKW

at gap size <6.46 mm
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APS U21 plot compare ICABU 2023
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The inherent photon beam size and divergence

G = }‘u\/ﬁ (1) A, =undulator period length
r 4my* N =number of periods
vy * =effective Lorentz factor of electron beam
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The electron beam size and divergence
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€,y = emittance for hori. and vert.
B =Dbeta function in lattice design
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. The fundamental or first harmonic wavelength A1 of -
radiation is given by
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They are largely determined by the electron beam size and divergence

¥ — +0 (6) Ultra low emittance, resulting in minimized electron beam size and divergence,
xy' r' ‘ improves the brilliance and coherent fraction
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B — flux (7) F = (A/4m)
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