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Outline

1. Introduction

2. Present status for beamline construction
3. Future Plan

4. Summary
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‘ 4GSR Outline " @ BioPharma-BioSAXS

Priority support

@ Material Structure Analysis

for industries

¢ Multipurpose Synchrotron Radiation Construction Project Soft X-ray Nano-probe 7 y
- Period: 2021 July to 2027 June (6yrs) ; @ Nanoscale Angle-resolved Photoemission Spectroscopy \

- Budget: 1.0454 Trillion KRW (= USD 750M) ® Coherent X-ray Diffraction

©® Coherent Small-angle X-ray Scattering

- Land: 540,000 M} / Building: 69,400 m

@ Real-time X-ray Absorption Fine Structure

- Location: Ochang, Chungcheongbuk-do Bio Nano crystallography

Support
for Academic R&D |

—/

® High Energy Microscopy
Specifications \Dﬂm

- Beam Energy: 4 GeV

- Beam Emittance: less than 100 pm-rad (CDR: 58 pm-rad)
- Circumference: 800m

- Beamlines : more than 40

- Accelerator: Gun, Injector LINAC, 4 GeV Booster

- Lattice: MBA-7 Bend Achromat
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Priority
support
for industries

) ) Photon ..
Beamline Photon Energy Resolution Exp. Application
Source
@ BioPh BioSAXS 520 key  OAXSTTAOR VU | @ Bio-SAXS Bi
- ~20 ke io- io.
ioPharma-Bio AE/E < 104
. . ® XRD : , :
@ Material Structure Analysis 5~40 keV AE/E < 104 Undulator @ XAFS Material Science, Energy material
sub-micro beam XAS
® Soft X-ray Nano-probe 0.1~5.0 keV AUE/E>1.'I5><1O4@1keV EPU v WPS Semiconductor, Material Science

Support
for Academic
R&D

Nanoscale Angle-resolved 100 nm < @ Nano-ARPE : .
. 0.1~2 keV . Undulator Semiconductor, Material Science
Photoemission Spectroscopy AE/E < 10 S
] ] , @ XRD Semiconductor, Material Science
Coherent X-ray Diffraction 3~30 keV sub-micro beam Undulator
®© y @ CDI Geosciences, Chemistry
SAXS/WAXS
® Coherent Small-angle X- ~afew nm ~ um v /_+ el :
. 4~40 keV AE/E < 2104 VU (Gl 7| =gh Material Science, Chemistry
<10-
ray Scattering @ XPCS
@ Real-time X-ray Absorption Fi Material Science, Environments,
5~40 keV ~ a few pm Undulator | @ XAFS i )
ne Structure Geosciences, Chemistry
Bio Nano crystallography 5~20 keV 1A < VU @ MX Bio.
] ) _ Projection Material Science, Energy material,
® High Energy Microscopy 5 ~ 100 keV Spatial R. ~ 0.1um Superbend ® o , 9y
imaging Bio
~50nm NanoProbe @ Ptychograph Semiconductor, Material Science,
Nano-probe 5~25 keV 1~10 um VU y/XRF

Geosciences,

g F=Y 1
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Storage Ring for 4GSR

Beam energy[GeV]

Beam current[mA]

Circumference[m]
Lattice structure
Super-period
Emittance

RF frequency
Bunch length[ps]

Number of Bunches

Energy spread

K:3| #2728 uene
» KOREA BASIC SCIENCE INSTITUTE
CHERUALR7HS 7| 22 ARQI 1

% 4GSR Storage Ring Specification

4

400
Top-up mode

798.8

Multi-Bend

28

62 pmrad

499.877 MHz
10.68 (without HC)

53.43 (with HC)
1065

0.12%

3

250( Max. 400),
Top-up mode

281.82
Double-Bend
12

5800 pmrad
499.96 MHz
20

300

0.1%
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Supercell Structure » 28 supercell(12.85°/cell)

Shielding door

- Steer
- Stabilize
- Store electrons racing

“Undulator(U)

Longitudinal Gradient Bending Magnet(LGBM)
Center Bending Magnet(CENT)

Dipole Quadrupole Magnet(DQM)

Sextupole, Octopole, Correction Magnet

[7 Bend Achromat : 4 LGBM, 2 DQM, 1 CENT]

Quadripo
(QXX, 344
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Typical Beamline Layout | gaam Position Monitor

Wavelength [nm)
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Beamline Design

= Deliver the required X-ray beam to the experiment:
v' Energy and bandwidth
v' Spot size ® .
v’ Divergence/convergence

= Preserve source characteristics ; intensity, brightness, coherence...

= Handle the heat load of the beam

= Optimize signal / background

= Bevery stable and reproducible, in position, intensity and energy
= Be safeto operate

= Be user friendly to operate

= Achieve all the above within areasonable budget !

Photon Source
Optical system
Heat Load

Simulation

Stabilization
Safety(personal &
Instrument)
User friendly
Budget...




Photon Sources

Photon Source

Periods

length
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Applicable BL

Bending Magnet
Out-vacuum
Undulator

In-Vacuum
Undulator

BM
EPU

VU

Photon
Energy(keV)
5~ 100
2 0.1 ~ 3.2
3.6 0.05 ~ 2
3 5 ~ 40
3 3 ~ 40
1.5 2 ~7

#09.
#03.
#04.
#06.
#08.
#01.
#02.
#05.
#07.
#10.
#03.

HEMicroscopy

Soft X-ray NanoProbe
NanoARPES

CoSXAS

BioNX

BioPharma.

Mat. Structure
CoXRS(CDI)

Realtime XAFS
NanoProbe

Soft X-ray NanoProbe

BM10
|ID26-1
D25
ID20
|ID22
D21
D24
ID19
D23
ID10
|ID26-2
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Properties of Photon Source

Undulator |  (Unit.) IVU20 | IVU22 | IvVu24 EPU78 EPU9S BM E'\';USZO')'
Period
forkr [mm] 20 22 24 78 98 : 20
Periods 148 134 123 23 34 i 68
Device
Longth [m] 3 g 3 2 362 0.186 14
K,6.95 K,9.24
K,y value 190481 | 23007 | 2.7458 K439 K.6.07 i 1.811
K.5.65 K.8.05
B,0.95 B,1.01
Bra [T] 1.02 1.12 1.22 B.0.60 B.0.66 2 0.969
B.0.77 B.0.87
Sapig, [mm] 5 5 5 15 15 - 5
1ot [eV] 2699.6 | 1893.9 | 1327.3 | [747S728 1) 9048 041N 1012808 | 1618.78
Total Power | [kKW] 12.47 14.97 17.04 | OOLASTT 1 ASTRII0A4T 1 1357.83 2.91
Max.Power Lin. Pow. Density
et [W/mrad?] | 164.1 164.1 165.5 24 31 3806 | w0216 | 225
Max.contral [/ 5. 0.0093 | £,00109 | £, 00129 | =,.0.0854 | %,00956 >, 0.0341
cone 3,0.0089 | £,0.0106 | £,0.0126 | 5,00854 | %,0.0955 7, 0.0171



- 22" International Advisory Committee Meeting (November 13-14, 2023)

Brilliance and Photon Flux
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Coherence
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Beamline

01. BioPharma-BioSAXS

noto i
Seam  Conmatng C}3(? sm&muimﬂg
" alit
Sl 1
Uz Mazk . o HFM e | | L B
- _'u'FFI_l__ I sample
“a— | —
0m 18 m 29m 3Z2m3m 375m 3Bm H0m 625m 68 m69m 75m

|—| Front-end I : I Optical Hutch & PTL I : I Experimental Hutch |—|




double crystals monochromator

. . - - Guard Photon i
BioPhama-BioSAXS (Beam  Colimaung o (AR (37m) Mat. Structure Anal.
Mask Slit o % 2 B . / preparatory stage for in-situ XRD
-
vuzz2 M1 Dcm - sample (T1m)
-— o e T Wariable g-range —
wacuum chamber 4 /‘
| undulator /, f »
| flat mirror
‘ ‘ ‘ ‘ ‘ ‘ | flat mirror HHR ,/ /
om 18 m 29m 32m34m 37.56m 39m 50m 625m 68m69m 75m HHL (39m) sample for XAFS
(34m) (69m) sample for HRPD
|_| Frontend |—| | Optical Hutch & PTL | } | Experimental Hutch |—] (75m)
APPLE-I type undulator > Energy range: 10 — 1000 eV
Soft X ray Na no Pro be s Tender X-ray ‘ Front end slit MO: Horizantal focusing F""”d"ca' [‘a”ge”f'a" moirrar : ;e‘::—:‘iiz‘z:g:aslo ﬁm with FZP Na noARP ES
DoM [Toroidall e, ol M1: Vertical focusing cylindrical (sagittal) mirror > Resolving power:
Ivuza EPUTS { ettt ieat) - . s . \n\ > S0000@S0eV, > 30000@ whens =nsrsy ramss |
. C— I:IET PoM om I T\ 'éﬁﬁ#.‘é‘ffél-ﬁ'sf;ﬁf;fﬁ & branch selaction
Sl — m ]/ T Y
26 m | tharizontal and vertical)
sor xray . o "“5'“'\ \
= - = MNano
w ‘\“G: Plane gratng Micro-ARPES r':':::'”g :::::rmg
Distance from souree (M) | i 1 | %3 = endstation mirror |31 -
Incidence angle 5 mrad -5 dea yplides 5 mrag 1geo | MAZ: Plane miror \-'I 58 m
1 1 ]
CoXRD(CDI) S S , g9 COSAXS
: . ! i I = ;;;]_ Pl HHL g Hocm K mirror ampis e
! _ ,
1 ’ KB Mirror I KB Mi —— i -
M2 § KB Mirror i e L am | - s e— 5,
M1 . [Bﬁj : ; = - 1 'y { ; = ! Bo s cotlimadng i A
FMM 30 m) - 3@‘ ] %‘ = Sample : 1 ‘}' == Detector |
@2m 1 (67.5 m) 1 f S‘::l;nple wom |
- e DCM i | i oem i 2dom BRvnxs
Gam : : : : 32m
Undulator ! ! : i \I\l___j:_____solm_ B S53m -
. — S
Ernntoand Optical hutch | Experimental hutch 1 1: Experimental hutch 1 | Experimental hutch 2 H o L —_— S
RealTi meXAFS
. . —— asew s NANOMX
ezl = a3 | coming o asem P A i
% nu24 ’ - hDCM vem ' l ’ 2 o
'_l- ' ’ HFM — ’ ' ‘ pl
% ‘ |
; s ! ; s i i |
. ]
I R | | %
32m 2xi2l A=) ol 2| om 18m 33m 25m51.5m 524m 528m 52.5m 68m 70m
H E Mic roscopy (XES) 60 m H Front-end I Optical Hutch I I 1 Expt tal Hutch '—'
NanoProbe
- m ?l » (SAY

son 2 (ES2)
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« 3D structure of therapeutic biological molecules + End-station layout for high throughput Bio-SAXS technique
v’ Overall structure of therapeutic molecules
v Overall status of biological molecule/drug complex

v Docking model of protein-protein complex Sample
environment

Variable g-range vacuum chamber

L ] \
5

me—— | w \ Beamstop  Detector
— X-ray ------ - -.- {) ------------------------------------------------------- )
sululi‘un X-ray detector Scattering curve
_ e LC.. <hutter SDD can be changed inside the flight-tube
e LS 'lﬁ ‘@ L ® & attenuator (Detector is movable along the beam flow direction)
"}_iﬂ"_?ﬂi j—"_ﬁ * SDD:0.5-6m
D. n. Kimet. al., Nature Comm U
2020, 14, 148 > Sample environment > Variable g-range vacuum chamber
<+ Beamline Goal v' Automatic sample changer robot v° SEC-SAXS system v’ Detector is placed in the vacuum
+ ARINAX, BIO-SAXS « Agilent infinity 1260 system, RI, chamber to facilitate SDD change
T+ 2 L 8 *  Minimum sample volume (5ul) UV, MALS, & DLS .
e Standard 96 well plate e Separation and Analysis of . ol
; _ « Static & flow mode polydisperse species or mixture LB _ 2 A
Ll S Vi (=20 ) e Temperature control (4°C - 60°C) ; .|
5-20 keV ' =
Photon energy (optimized at 8-25 keV) fm (1
a
Energy resolution AE/E ~ 2 x 104 = ===
Beam size < 10 ym at the detector
Length scale ~3-4480 A 7 |3“ L '
_ . rmmmess e e B SN
Time resolution ~ 10 Hz , Mosmomoparae—] | T4 !
l B |z °
Beam flux 1012 ~10%3 ph/s @ 16.02 keV —

Sample to Detector Distance

Techniques

0.5~6m

(Solution) SAXS/WAXS

Gwiar

Fluid Management Unit (FMU)

Example; 12 ID-B, APS
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flat mirror
HHL
(34m)
\
/ Ll
/

undulator

Front-end

02. Material Structure Analysis

75m - HRPD
71m - in-situ XRD
69m - XAFS
Beam
Optical Table Stopper {__1: Preparatory stage for in-situ XRD
double crystals monochromator Flight Beam Path T . 41
(37m) i | | ti-Analyzer Crystals
. Movable t lo
? Beam S
£
at mirror A A
! (:;;IR) S T el , ,
m — stage .
13
¢ ¢ 2D detector stage le|Diffractometer
Optical hutch

Experimental hutch

Photon Source

IVU24(L=3.0 m)

Photon energy
(hv)

5 ~ 40 keV
[Main : 20 keV for HRPD]

Energy resolution

~ 1.3 x 104(Si (111)

(AE/E) ~ 2.7 x10 (Si (311)
~ 600 (h) x 230 (v) um?
Beam size @sample (69m for XAFS)
(FWHM) ~ 670 (h) x 230 (v) um?
@sample (75m for HRPD)
Beam flux ~ 1 x10"3 ph/s @sample
Techniques XAFS: Step scan mode

HRPD: Multi-analyzer detector system

1

Fluorescence detector

;i-d ector:
- oflble

-5ax

A

+— ~1500mm —»

motion: XYZ, yaw, pitch

~5000mm

» X-ray Absorption Fine Structure (XAFS)

-
Lt

* Flight beam path and the stage for in-situ experiment (orange box)
should be aligned together

» High-Resolution Powder Diffraction (HRPD)

Gas auto-exchange system required
* Fluorescence detector
** Hexapod sample stage

Multi sample holder
Sample stage to configure various experiments

I0 chamber s” IT chamber lx chamber
> Sample** : S
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03. Soft X-ray Nano-probe

179.427° EPU78(L=2 m) IVU24(L=1.5 m)
Tandem u. 178.217°
oz epuze [ e e s e N Ergt 7745 ~114.73 eV 1336.4 eV
“— _1 Energy range 90 - 3,200 eV 2000 ~ 5000 eV
. -
I Diﬂ 70 nm x 140 nm
any Sratng 3‘_3::7 Beam size at Sample 10.8 um x 8.4 um
| I St by FZP
| ¥ y
Brilliance 1.18 x 10 at 15 | 111925 x 1021 at 5
Soft X-ra
. @' ! [photons.s —1 mrad -1 . mm gap mm gap
Istance from source[m} | | '
¢ 30 21 ! i | | : | | mm -2 (0.1%B.W)]
Incidence angie c 38 40 23 50 5:5 ' 63 .
fmiad | 06deg aeq 8 » % Tender XPS/XAS for Branch 2
““““ ) 17.45 miag L - Tender X-ray Phtoemission Spectroscopy & XAS

% Nano-XPS/XAS for Branch 1
- Scanning Photoemission Microscopy
- Dynamic beam size incl. zone-plate
focusing

| & &
m i 11 .
— o
i ) . b 7
oegc"o.m -xt Ok Y - : ¥
y & b L -
i 200,80 Ll s
; Tmage

Cis.

o d
286.8¢

EUV irradiation

+
Annsaling

vV Cds. 28528V |

b

corrected) B
£

s

E
3| 41 Elemental Solids: Optical theory, 3
10°F o
= 2
s
@©
- 2
B10°E i
c |e Na o.
| = ‘?3 AR ulklika”
| o TR -] Bulklike”,
% R uried layers &
O,y interface
% 10 st
K]
[}
k= ———
Typical XPS
—
10° Typical valence ARPES & H PS
10 10° 10° 10*

Electron Energy (eV)

™

Sic{oool)

- Non-destructive bulk property probe.

‘. e = 3
— E il = [
£ e ’f
3 E \ # Protosecion - L
£ 4 " e
78 ?
5 =
3
‘ o i
s e ————
1000 2000 3000 4000 =
Photon Energy (eV)
LATP.LCO LATP-ALD interlayer-LCO
(a) (b) (c)

Binding energy (8V)

@ © (f)
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4. Nanoscale

X\lovember 13-14, 2023)

ngle-resolved Photoemission Spectroscopy(NanoARPES)

Light Source

EPU98(L=3.6 m)

Photon energy(hv)

0.1 -2 keV

- nano-focusing optics: Zone plate @ Capillary mirror
- Hemisphere electron analyzer

[Optimize: 50 ~200 eV] nano-ARPES - Photon energy range: 100-200 eV
Iuti - Energy Resolution: < 10 meV @ 100eV
Energy resolution 20.000 - Photon flux: ~ 10" phs with ZP @ 100eV
(AE/E) ' End-stations
- micro-focusing optics: K-B Mirrors or Capillary Mirror
Beam size 100 x100 nm? by FZP - Hemisphere electron analyzer with spin detectors
p-ARPES - Photon energy range: 100 — 2000 eV
= 1072 - 10" ph/s - Energy Resolution: < 5meV @ 100 eV
gy
Beam flux @ 90eV ~ 2,000eV - Photon flux: > 102 phs @ 100eV

- 10 - 102 ph/s
@ 2,000eV ~ 3,200eV

AFPPLE-I type undulator
Front end slit

O

Collimated plane grating monochromator

o

20 m |
22 m

26 m

2 i “_‘

hAZ: Plane rmirmor

.G Flane grating

MOz Horizontal focusing cylindrical (tangential) mirror

rAT: Vertical focusing cvlindrical (sagittal) mirror

.“---_,_______h-_-_-
- Exit slit
(harizontal and wvertical)

1\ M3 Wertical refocusing & branch selection
Wndrim| (sagittal) mirror

T

27 m T
IL'LE m

1\\

Micro
Micro-ARPES l'm_:usung
endstation rmirror
— 58 m

» Energy range: 10 — 1000 =V
= VLS plane grating
> Beam size: ~ 50 nm with FZP
> Resolving power:
> 50000@50eV, > 30000@& whole energy range
Mano-ARPE

endstation

minmor

|51 m

ALS, MAESTRO BL
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< BCDI, Bragg ptychography, Nanobeam X-ray Diffraction > < Transmission Ptychography >
5 i I " r-—w — o TS| . 1w G

N 8=
: -rSamEIe Chamb

Light Source IVU24(L=3.0m)

Photon energy 3-30keV

Energy resolution(

AE/E) <2x10%
Beam size < 500 nm ~ few micron at the sample
Beam flux ~10"3ph/s at the sample
Techniques CDlI, (time-resolved) Nanobeam X-ray

Diffraction

Experimental hutch EH1) 6-circle diffractometer(Kappa)

instrument

EH2) CDI chamber, Flight path

Lambda 250k, Eiger2 X 1M, Eiger2 X
Detector
4M, 7-channel SDD | e e e Y

r e
! I

! I

I | |

M2 1 KB Mirror KB(BlgflrLr)ror | KB Mirror
l (65 m) - I (72 m)
(36 m) : ‘ "
+ — I E
— = _ Detector

(73 m)

Undulator

Front-end Optical hutch

1

1

1

1

1

1

1

1

1

1

Sample (80 m) :
1

1

1

1

1

|

Experimental hutch 1 :
|
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Light Source

IVU20(L=3.0m)

Brilliance:~2x10">phs/s/0.1%B
W, Coherence fraction : 0.05

x0.22

Photon energy(hv)

4-40keV > 7 - 30 keV

+ End-station layout

Energy resolution(

~ 1 x 104(Si (111)

06. Coherent Small-angle X-ray Scattering

SAXS
Detector™

Flight Tube for
SDD=3m

| XPCS  Example: PETRAIII P10 beamline.
Detector

X, Y, Z direction and Tilt around Y

% g-range & correlation time

Y

Max. g : 2.5 A-1 at SDD=25cm
Min. g : 0.001 A-1( 471nm ) at SDD=8m

Horizontal detector movement for XPCS : 26= 0~30°

AE/E) ~ 3x109(Si(311))
<10 um @ 2Ddetector X-ray '.'I 'l'
. —— — - -
Beam size (~1pm @ sample for  peam
USAXS/WAXS ) Optcal :" ':
Table "'r"r'
Beam flux ~10"3phs/s @ sample
Sample
environment i i X
g XPCS . ;
SDD=8m
< Detector
Eiger2 X 4M Eiger2 X 4M >
(Dectris, SAXS) (Dectris, XPCS)
Dimension 155.1 X 162.15 mm? 155.1 X 162.15 mm? P
Pixel size 75 X 75 um? 75 X 75 um? >
Dynamic range ~ 10" photons/pixel/s ~ 107 photons/pixel/s
»
Readout rate Upto 1120 Hz Upto 1120 Hz

Time scale: a few j[isec ~ hundreds of second

Coherence length @ sample : ~ 0.02 mm x 0.09 mm
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Light Source

IVU24 (L=3.0m)

Photon energy(hv)

4 —40 keV

Energy resolution(AE/E)

~ 5 x 104 (Si (111)) oy

< 0.5 eV for XES

<+ Beamline Goal

HEEX
(M2)

Beam size ~ 30 x 10 pm? (focused) 7*%?*'
(at sample, FWHM) ~ 800 x 300 pum? (unfocused) (M1)
Beam flux ~10"3 phs/s @ sample
Step scan ~ 20 min
Time scale On-the-fly~ 3 min 30m 32m 40m - °
Quick scan ~ 10 ms 2**(-*;*(;)57' o2
Techniques XAFS, Quick-XAFS, XES, 60 m
HERFD-XANES . muis ) ‘
@ _ ‘ 310 um ‘340 um 420 pm 21 um
41 pym 4 Y
\ 4
2| Hgt 1
@ _ 1280 um ::280 um 290um>7 pm
11 um
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« End-station layout

07. Real-time X-ray Absorption Fine Structure

op view

Gas supplier
(for in situ Gas auto
as a
experiments) exchange system

< XAFS & QXAFS

o

Al

Optical table

Multi-sample
holder
(removable)

Utilities

L -_IF ,§t’ect9,r
3 e
Foariplestage

XES spectrometer with
Rowland geometry
(additional)
Granite

L ol —=h

hlli Gas ionization
chamber

P

| g = =

B Gas ionization -
chambers -

Beam stop

5m

. * buk

Utilities ' i - —
- Fluorescence detector - Multi-sample

- Grided gas ionization
holder & Hexapod

Granite Fluorescence von Hamos

- Main experiment detector spectrometer chamber stage
Absorption spectroscopy: XAFS, QXAFS Jon Hamos spectrometer Uilites . e P

Emission spectroscopy: XES, HERFD-XAS L drive system

- Design goal . L ;

Wide energy range: 4 ~ 40 keV 65m 67.5m \&:g./"

High photon flux: ~ 104 ph s
Small beam size: ~ 21 (H) x 7 (V) um?

* XES & HERFD-XAS

Sample position #1
(XAFS, QXAFS)

Sample position #2

(XES, HERFD-XAS) 71.8m

s Equipment for In-situ measurement (examples)
Linkam heating cell - Optical table

- Multi-crystal
von Hamos spectrometer

Flat capillary heating cell (~ 400 "C)

- 2D detector

von Hamos spectrometer a

SuperXAS beamline

-

Detector LAMBDA
(X-Spectrum)
Dimension 85 x 28 mm? (750k)
170 x 170 mm? (2M)
Pixel size 55 x 55 pm?2
Analyzer”
= C?#n/t e ~3x10° crystl
. : : (e In situ -
- Sl(ZOO), S|(200), S|(220) Readout \'.\ ( electlrocher]flicz}d
Ge(111), Ge(200, Ge(220) e 1kHz - 24 kHz W e i A4
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. . ¢ Biomacromolecule . _
% Beamline goals crystal structure % Structure-based drug design

v High—throughput structure analysis

Light Source IVU20(L=3.0m) v High resolution (~1 A) P ol e ana
5~20 keV v' Understanding life science at g Ae”t: 'Catlzﬂs FalgmentD e'|n|t|on
the molecular level 4 ccelerated Sculpture Design

ATEEN EREEmY) [Optimize :6.5 ~ 20 keV] v Chemical drug design support 500 data/day

v Antibody Drug study support

Energy resolution | ~ 1 x 104(Si (111)

(AE/E)
Beam size ~16 (h) x4 (v) um? at sample
Beam flux ~10"1 ~ 10 phs/s @ sample

Experimental Hutch : X-ray b Y
Techniques crystallography B s

Wet Laboratory:
crystallization facility

Multi-axis
goniometer

“ml, "S-
NS

acity

High Cap

= Robot

Oscillation
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» Design goals

Imaging spatial resolution a few ym (1 ym)

Photon energy 10-130 keV
Beam size 200 mm
CT scan taking time Minutes
(Plgg‘?zcii(c))r:r(?:ttei?iiztIimit) <0.1 prad
Sample position 100 m
In-situ/operando sample space afewm
Max sample weight 300 kg

» Multiscale Imaging

7 P £
& /4 A
(d) Composite rendering

(¢) Final region

(a) Overview (b) Intermediate region

Lang et al. (2023), e-Journal of Nondestructive Testing 28(3). Multiscale Phase-
Contrast Tomography at BM18

09. High Energy Microscopy (HEM)

» Experimental Equipment

Experimental hutch design High aspect ratio X-ray microscope

100 m i
11m Microscopy
Beam Tensile test
_____________ “FTTTTTTFT Stage1 T
Stage 2
14 m Stngc 3
3.4 ml 2.0 mI S‘taiion 18 m

. X-ray High aspect ratio High resolution
microscope
Field of View 200 x25 mm2 1.3 x 1.3 mm?
P e
Pixel size 5um 0.25 um
Pixel number 200 million 25 million
Data size 400 MByte/img 50 MByte/img

3D data size 16 TByte/set 1 TByte/set

" 4

i Heavy Load Sample Station
In-situ/operando tester

Dimension (LxWxH)
: 820 mm x 630 mm x 180 mm

Weight
: 216 kg

Max. Capacity
;10 kN

Stroke Space
: 1400 mm
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Und

(Nov.

tor

2

Horizental focusing mirror

(

y Vertical focusing mirror

Monochromator

e |

Secondary source aperture

X/

< Design of endstation

Det. Chamber

r 13-14, 2023)

10. Nano-probe beamline

«» Beamline Goal

Nano-Coherent imaging Nano-Scanning microscopy
Energy 5-25 keV
Beam size ~ 100 nm ~ 50 nm
In-sit Ptychography
Exp. Coherent imagin Nano-XRF
ging Multimodal imaging

Resolution < 50 nm (XRF), < 5 nm (Imaging)
Photon flux 10°-10" phs/s @ Sample

Detector

- Expected results

*
6 QQQ ‘

hy

10C 02cC 0.2 C for 20 cycles

o W dii

Delithiated

Xu, Yahong, et al. ACS Energy Letters 2.5 (2017): 1240-1245.
Tsai, Esther HR, et al. IScience 11 (2019): 356-365.
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% Beamline Floor Plan BM15: Diagnostic BL

(Oct. 30 2023) Present :ng BMO1*: Diagnostic BL

ID10: #10 NanoProbe(150 m) ID25: #04 NanoARPES
: ano

BM10: #09 HE Microscopy(100 m)
e gl ID24: #02 Material Structure

: ID11,12,16: 4
Harm. Cavity 2+2+2

ID13,14,15:RF cavity
2(2)+4+4

ID23: #07 RealtimeXAFS
ID22: #08 BioNX.
ID21: #01 BioPharma-BioSAXS

ID20: #06 CoSAXS
ID19: #05 CoXRD(CDI)
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. » Slab for Vibration Damping
* Long BL - | m Slab structure

- 09. HE Microscopy BL(L=100 m) - Similar to Petra-Ill, ALBA, ESRF-EBS.

- 10. NanoPrpbe BL(L=150 m) === | —
Diamond I' Petra Il |I[ Soleil |' ALBA |Ii ESRF Proposal
|

> Key point
- Vibration Froeeraon 1 || Fmmraren B
- Radiation Safety — | — N
Thermal stability

N R ST RO WA
" Slab 800mm Thick (Steel Rf) '
R ATATY: SR S e

& Siab 300mm Thick (Steel R) o0}

e TES R
-‘_' Siab S00mm Thick (Steel Rf) -'. -,' Siab 700mm Thick (Rollcrete) I

p m.««;«.‘.. radrr s r-'ﬁ

3mm Bitumen Layer
18 s

e Jnder Slab 1700mm £
Under Siab 2000mm ompact Stone i

§ Diameter to
| Fountainbleu

¢ Diameterto |
§ Chalk

¥ Sands
b o e s

ID10: #10

NanoProbe(150 .
anoProbe(150 m) » Radiation Safety : PTL and Exp. Hutch Concrete

- HE Micriscopy : 5 ~ 100 keV
- NanoProbe : 5 ~ 25 keV

» House in house hutch structure

BM10: #09
HE microscope(100 m)



- 22" |nternational Advisory Committee Meeting (November 13-14, 2023)

Canted BL Available (for Phase-Il)

» 1 mrad canted study for 4GSR

- Apply to design
Undulator
Configuration

-
F :, i

Corrector

Dipole

U3y U33

Example)

e=o L —=—
Positive canting f

0,400 mrod

DAL MIRROR

Exit  Mask 1
Mask

Photon
Shutters
Shielded _———/[I
DM & DMM Transport | PE-60 I et S
Vertical offset o s e Beam
— o Stap
= o Beam
WB STOP  Mask 3 Sl d“‘*.ﬁ [ Stop
elde F==
WB STOP Transport Pa-30 I\.
Z2=10-4 Z=10-MH
2-1D-E
2-1D-D

https://accelconf.web.cern.ch/medsi2016/posters/wepe18_poster.pdf
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2n 0.38bmAh
@) . > _per bunc
LT T
Normal I\/Iodé 4 mA |
(b) A
Single Bunch
3 mA

300 ns 300 ns 0.38 mA
- — % per bunch
f

Mam el

Hybrid camshaft mode

(d)

1] ]

Considering Timing Structure (for Phase-Il)

3 mA
l Hybrid mode
with gated chopper

per bunch

1T
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. i Photon ..
Beamline Photon Energy Resolution Source Exp. Application
, , SAXS: 1 A O[3} | | )
priority @ BioPharma-BioSAXS 5~25 keV AEJE < 10+ IVU24 | @ Bio-SAXS Bio.
support . . @ HRPD, XRD e :
for @ Material Structure Analysis 5~40 keV AE/E < 104 IVU24 @ XAFS Material Science, Energy material
industries papeea— 5 XA P—— I
Ssub-micro beam EPU78 emiconauctor, Material Science
@Soft X-ray Nano-probe 0.1~5.0 keV |04 @TkeY +IVU24_| o) XpS -
0.1~2 keV : . .
Nanoscale Angle-resolved Ontimize: 50 ~200 100 nm < EPUSS | Nano-ARPES Semiconductor, Material Science
Photoemission Spectroscopy P e.\/ AE/E < 104 *Two Branched Beamline
. . . XRD Semiconductor, Material Sci
|® Coherent X-ray Diffraction 3~30 keV sub-micro beam IVU24 @ sriconcticton, Material science
i @ CDI Geosciences, Chemistry
Support AXS/WAX
PP @®Coherent Small-angle X-ray 4~40 keV ~afew nm ~ um D> S/_+ > e :
f u A
or ) . IVU20 | (GI 7| =gh Material Science, Chemistry
. Scattering Optimize: 8-17 keV AE/E < 2x10
Academic @ XPCS
R&D @ Real-time X-ray Absorption Fi 40 keV - fow um U2 | @ xars Material Science, Environments,
Ine Structure H Geosciences, Chemistry
‘ Bio Nano crystallography 5~20 keV 1A < IVU20 @ MX Bio.
@ Projec Material Science, Energy material,
® High Energy Microscopy 5~ 100 keV  Spatial R. ~ 0.1um  Centerbend i ) i Bio
egng * Spatial Resolution : 0.1 um->0.3-0.5 pm
c0 @ Ptychography Semiconductor, Material Science,
~50nm
no-probe 5~25 keV IVU24

NanaDolbhg

/XRF

Geosciences,
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Summary
Goal : Prepare Another Successful Playground for Science

» Overview of beamline construction status.

» High Heat Load devices(PBPM, Mask, DCM) need study & developing.
» Human resources training and planning.

» Need to adapt and introduce for contemporary experimental method.

From Naturejobs Blog

KBl o e e g FALL2 poHANG ACCELERATOR LABORATORY

KOREA BASIC SCIENCE INSTITUTE
CHS X UALZ LS 7| RS AP Ct 1 AGSR T=X|ATH
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Thanks to:

All 4GSR Project Supporting Division

PAL;
FALIZ pOHANG ACCELERATOR LABORATORY
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