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1. Overview
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ID23 Real-Time X-ray Absorption Fine Structure (Real-time XAFS) Public

Studying reaction dynamics on sub-second time scales and states of electrons
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Mapping of the Fermi surface and observation of the electronic band structure of materials
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D24 Material Structure Analysis

Analysis of microstructure and phase transition of crystalline materials with high resolution
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Probing the electronic structure, chemical states, and nanoscale morphology of materials
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Real-Time XAFS

MSA Soft X-ray Nanoprobe

nanoARPES

Light source

Ivu24
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Energy range [keV]
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0.05~2.0

Supports

QXAFS, XAFS, XES, HERFD-XAS
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* nano-ARPES: 1.0 x 1011~ 1.0 x 1012

PAL,

POHANG ACCELERATOR LABORATORY

Knsl KOREA BASIC
) SCIENCE INSTITUTE




1. Overview
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2. Real-Time XAFS

Beamline Layout
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2-1. XAFS and XES

XES Spectra
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2-2. XAFS Applications

Electronic Structure and Charge Transfer
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Main Articile: Beibei Sheng et al., Communications Materials 6, 64 (2025).

Geometric Structure
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2-3. XES Applications
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3. ID24 Material Structure Analysis
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3-1. HRPD (High Resolution Powder Diffraction)

HRPD Measurement Setup

ESRF-EBS ID22

X-ray Powder Diffraction

Working Principle of XRD

¢ Lattice plane, d

Single Crystal

Bragg’s Law: 2d sin 8 = nid |
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4.1D25 NanoARPES

Beamline Layout NanoARPES
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Capillary mirror, FZP (52.5)

.:.4 \M5 (56.5)

N

M6 (57.5)

In-operando measurement

8 electric contacts

JPAL.2 pOHANG ACCELERATOR LABORATORY

oSe

Transport / Gating

microARPES (60)

%é/ stop

- 4th Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025)

o

xy-stage

Capillary
Central

Electrons

Specifications

M7 (58.5)

Trancport / gating
capability

Wire bonding to device

M pm

Strain controller

Transpert / Gating

hagnetic field inducer
general sample halder

Spatial resolution, stability and repeatability,

. Exit Slits
\a,,% Ty ’ 4
;‘ Fresnel zone plate
SN >
110 um X-ray beam ‘
Slit
nanoARPES Branch

Spot size: 1 um (100 nm)
Targets: small single crystals
Exfoliated few layers
Moire superlattices and heterostructures

In-operando devices (gating, strain)

fine control over beam alignment and

scanning

11

UARPES
KB Optics

nARPES
Capillary

nARPES
ZP (100x slower)

microARPES Branch

Spot size: 10 um
Targets: Large-domain crystals
Standard thin films
Bulk crystals

In-operando devices (magnetic field, dosing)

High photon flux, excellent energy resolution,

simplified, user friendly operation.

KOREA BASIC
SCIENCE INSTITUTE
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4-1. ARPES

Plasmaron
(a) (b) (d)
0.0 0.0 M 9
de Mei Dirac cone Qrmord
g 05 g % Plasmaron B
ot e '
i =
—M—e,
5 0.0 0.1
ky (A7)
(e) h)
<
)
uf
u -
-0.1 0.0 0.1 -0.1 0.0 0.1
k(A7)
Science 328, 5981 (2010)
Pseudospin Order
a AC-pal. b ZZ-pol. c e — bz d ke —Inc
044} Y , 0.4 0.4 -|
s i ] )
B 0.7 ; ! -0.7 -0.7 0.7 <
2 o g
w 5
=
1.0 -1.0 -1.0 104 4
08 00 08 03 00 03 03 00 08 03 00 08
Koz (A1) Kz (A7) Kz (A7) Kac: (A1)
e f g h
= . hiae ® +1 A +04 g
b S - g
= 3 m
=
3 Min - & - 04 2

PAL,

Nat. Mater. 19, 277 (2020)

POHANG ACCELERATOR LABORATORY

k, (wia)

E-E, [V}

E-E, (V)

SC Gap Formation

Befose the Pump Pulse ARfer the Pump Pulse Intensity Gain and Loss

-
4 1 i 1 %
008 0 008 -00% 0 008
k= K, [=la) k= b, [=fn) K = i, [=in)

Off the Mode - Significant Supsrconducting Gap

Science 336, 6085 (2012)

Spin Order

k (=ia)

Nat. Phys. 6, 419 (2010)

- 4t Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025)

Space-resolved Proving

Adv. Mater. 31, 25 (2019)

—>

graphite

Phys. Rev. B 101, 201409 (2020)

"

nanoA
CcvD WSz/T i0:

PE

20 pm

graphene

K51

KOREA BASIC
SCIENCE INSTITUTE
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5. 1D26 Soft X-ray Nanoprobe

- 4th Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025)

Beamline Layout

.
oA
"
- f':“ ,/ e ‘n\}
’ 4
. / S
Shielding wall — - ('f
Attenuator — /
M1(V-collimating) — /
\S\O PGM(Pre-mirror) — -
. ’?‘6 PGM(Grating)
@5 /g% M4-2(H/V-focusing) —
P T4 Ma-1(H/V-focusing) — /
2., = ‘
\9?00 Slit - ey
2 '.‘{‘/ o r
siit =%
Sample —

&)
Mrg o

VU 24

05 e

EPU 78

PAL;,
PAL.Z POHANG ACCELERATOR LABORATORY

.~ Analyzer

- Sample

Specifications

Tender XPS/XAS branch

Nano XPS/XAS branch

Beam size : ~ 10 um x 5 um
- Energy range (2 — 5 keV) + (0.1 — 3 keV)
- Real-time analysis of electrode interiors and interfaces
- Bulk- and surface-sensitive characterization

- In-situ analysis under ambient conditions

Beam size: ~ 20 um x 30 um
- Energy range 0.1 — 3 keV
- Standard XPS/XAS under UHV
- Optimized for rapid, repetitive measurements

- High-throughput screening capability

Features

< Tender AP-XPS/XAS

- Tender Eneegy [ 3 = Shal [+ 0.1 = 3 keW}]
- Tander Ambiset Pressurs XPS and XAS

< Nano-XPS/XAS

- Boft Energy | 0.1 ~ 3 keV )
- High-throughput XAS{XPS)
= Beam fecusingioptional) to sub-micron size
- Butematied BAMPIE HEAS LG i i
- Open to sccepling a candidate sysiems

ugeth poarling saparinssnis

K.BI KOREA BASIC
) SCIENCE INSTITUTE
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6. Others

Light Source

Gap: 7 mm, Taper: 20 %

Tapering Effect

Phase Error Effect

— 1st

----- 1st+PE 7%

— 3rd

=+ 3rd+PE 7%

—— 5th

----- 5th+PE 7%

— Tth

----- Tth+PE 7%

—— 9th

----- 9th+PE 7%

— 11th

----- 11th+PE 7%
13th
13th+PE 7%

— Bending 1 mrad

13
o 1e13 1441013 1e13 1016 4
2 = 21
= E =
@ o 2]
= 21 )
5 S S 1015
2 N e R a' 2,
£ £, £
£ -3 : »
3 3 =R =
o Ly e = 1044
o
=
500 7000 7500 8000 8500 9000 00 25500 26000 26500 27500 28000 26500 29000 g
Photon Energy (eV) Photon Energy (eV) Photon Energy (eV) o
= 108
Gap: 8 mm, Taper: 20 % 2
20 x
e13 1e13 =
. 1 w
= = z! 12 |
@ o o, 10
S R R
- -1 -1
=2 =2 =2
] B o
& £ £o 10 4
b4 e ® .
- = 30
s [ [
0 )
T T T T T T T T
5000 10000 15000 20000 25000 30000 35000 40000

8000 8500 9000 9500 10000 10500 11000
Photon Energy (eV)

Focusing Optics

Wolter Mirror

22000 22500 23000

5 2 0 23500 24000 24500
Phaton Energy (V) Energy (eV)

ID25 NanoARPES

Replacement of Focusing Mirror
Wolter Mirror-> KB Mirror

PAL2 poHANG ACCELERATOR LABORATORY

- 4th Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025) 14

ID23 Real-Time XAFS
 Updated Layout without Channel-
cut DCM

ID24 Material Structure Analysis
* Modification of Undulator
IVU24 -> IVU16
* Updated Layout with New Optics

Front-end Configuration

PM Steerer
5.4 mrad

PM Steerer
2.7 mrad

\ -
pea -
#*RY--

-

ID26 Soft X-ray Nanoprobe
* Change of FE Configuration
Tandem-> Canted

XRs~
PM Steerer <2y begp, >
2.7 mrad ?

Upgrade of the insertion devices at the ESRF, IPAC10, Kyoto

KnSI KOREA BASIC
) SCIENCE INSTITUTE



6. Others

Beamline Data Flow

= | ocal Resource "No” Data Flow
Local Resource “"Yes" Data Flow
— Common Data Flow

User

HPC QE Qi Qi

Interface

Local

v

Firewall

Cluster Qi QE Qi
F 3

Bluesky or System 4
a dedicated - @
= Voo SSS| W
Server (CsS) s o Notification
Local -
ls)ca;::duler :teorl:eie(LSS) E I
L 2
Devices / Metadata
Camera / Catalogue >
Detectors ——
Beamline Centralized Resource Hub Users
Number Beamline Techniques Data f-:_zI:)/Year Local Resource
1 BioPharma-BioSAXS SAXS 50 No
2 Material Structure Analysis HRPD, XRD, XAFS 2 No
3 Soft X-ray Nano-probe XAS, XPS 10 No
4 Nano-ARPES Nano-ARPES 10 No
5 Coherent X-ray Diffraction XRD, CDI 2 No
6 Coherent Small-angle X-ray Scattering SAXS/WAXS, XPCS 100 TBD
7 Real-time X-ray Absorption Fine Structure QXAFS, XAFS, XES 2 No
8 Bio Nano Crystallography MX, SSX 500 ~ 1,000 Yes
9 High Energy Microscopy Projection Imaging 1,000 Yes
10 Nano-probe Ptychography/XRF, XRS, Tomography 200 TBD

PAL;
PAL.Z POHANG ACCELERATOR LABORATORY

4th Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025)

Control/DAQ
- ©
- R,
| 10C 1 Motion
10C 2 Geneaor/CoIIector
-
Control/DAQPC " X .
loc 3 Vison/Diagnostics
-
O — (K
- -—
High-end  Storage Detection
PC
Legacy system:

Multiple Hardware and PCs

15

Control/DAQ Rack

Control/DAQ Sever

| i

Storage Sever

Vison/Diagnostics

up to 400 Gbps %

Detection

Generator/Collector

Korea-4GSR system:
Virtualization

Korea-4GSR Test-bed
Control/DAQ Test

High Data Rate Test

Software/Hardware Test

K.BI KOREA BASIC
) SCIENCE INSTITUTE



Summary

- 4th Korea-4GSR International Advisory Committee Meeting (Nov. 5-6, 2025)

(h x v, FWHM)

* Unfocused mode: 1 x 0.5 mm?

* 1x0.5mm?

Real-Time XAFS MSA Soft X-ray Nanoprobe nanoARPES
Light source IVU24 IVU16 IVU24+EPU78 EPU98
Energy range [keV] 4.0~40.0 6.0 ~ 45.0 (Optimized at 33 keV) 0.1~5.0 0.05 ~ 2.0
Supports QXAFS, XAFS, XES, HERFD-XAS HRPD, in-situ XRD, XAFS XPS/XAS/SPEM ARPES
Beam size * Focused mode: 1 x 1 um? * Tender-B: 5 x 12 pm? *  micro-ARPES: 10 x 10 pm?

* Soft-B: 36 x 14 pm?

* nano-ARPES: 0.1 x0.1~1x1 um?

Beam flux

(ph/s)

* Tuned Undulator: >1.0 x 1013 (@10 keV)

« >1.0x 102 (@33 keV)

* Tapered Undulator: >1.0 x 1012 (@10 keV)

e Tender-B: 1.5 x 1012
e Soft-B: 6.3 x 1011

* micro-ARPES: >1.0 x 1013
* nano-ARPES: 1.0 x 1011~ 1.0 x 1012

Thank You

PAL;,
PAL.Z POHANG ACCELERATOR LABORATORY

For Your Attention

Knsl KOREA BASIC
) SCIENCE INSTITUTE
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ID23 Real-Time X-ray Absorption Fine Structure (Real-time XAFS)

Studying reaction dynamics on sub-second time scales and states of electrons

. . )
[ Principle and application J

\

Operando time-
resolved EXAFS

] 1!
Operando time- ’:a.'.f,o_m T8 ot W
resolved XANES

Adv. Funct. Mater. 2022, 32,2112394 Catalysis Letters Volume 145, pages 58-70, (2015)

\Optimizing structure on rechargeable batteries Catalyst structure change

2D Detector
lonization Chamber Sample Sample1 Kﬁi‘,.«r
e Reference = Sample 2
]
Reference ]
=
lonization Chamber 2 XAFS g x Es
¥
z g
Analyzer 2 =
E Ld
E EXAFS range Kﬁ
= e
DJ"’P“"‘J"’/' lenization Chamber ~—+ XANES range -
Incident X-ray Incident X-ray Energy (eV) Emission Energy (eV)

.

ﬁ
[ Feature of Beamline J

- By utilizing the IVU24, the ID23 beamline provides advanced spectroscopies,
including Quick XAS, operando/in-situ XAS, HERFD-XAS, and XES.
- Such capabilities are expected to support research on both national strategic
technologies and fundamental academic science.
-

]
[ Beamline layout J

L Direct Drive DCM

46.5 M

Optical Hutch

45 M B16EM

PTL

Front-End

m““““-z_j Analyzers & Polychromator

‘P@ (D(D ﬁ?-—ﬁ@ (D[D

D ml: . nemhon o mplcmmt" D,"u,
KB Mirror

m7mMm

oM

Experimental Hutch # 02

5T M

Experimental Hutch # 01

o

[ Specification ]

In Vacuum Undulator 24
4 ~ 40keV
Si(311): 3.0x 10°

Tapered Undulator:
2.4x 102 (@10 keV)

Photon Source
Energy Range
Si(111): 1.4 x 10*

Tuned Undulator:
6.8 x 102 (@10 keV)

Energy resolution

Beam flux (ph/s)

Beam size (pm?)

- 2
H x V, FWHM Unfocused mode: 1 x 0.8 mm

Focused mode: 10 x 10 ym?

XAS :1~20 min
Quick XAS:>1s
XES : a few min

Measurement time




ID24 Material Structure Analysis

Priority to

Industries

Analysis of microstructure and phase transition of crystalline materials with high resolution

\
Principle and application J

(a) '—— I ] m{ L.....\

Single Crystal
Diffraction ouedar
Diffraction
S ~ Information obtained from _" .
Powder diffraction canpa ..h.......": -
» Peak Position — f 0 .
* Peak Intensities T gV \
il i * Peak Shapes and Widths I ——

[shown in blue) are correcthy

erignted to diffroct Total iransmbvak jon:  S3.00%

Batteries & Supercaps 2021, 4, 380—-384

T T =

Monolishc Sovel

—
- _%I_’_ - 1 N
‘E EEFEAAAABPEEBEEE
; e e
¥ - -
l L Y . 5 wl@ P r‘““". =
= & \ E v o
4 H ] JI S - ;
TAETW LR - e g i,
E -i.-u-.u.uu T R . ;m.-ﬁ' ' o
T v [ - 8 ) -
77 J6 45 & 63 72 81 W [ N -+ g =
20 (ddegree) I = [ e CEU :
b ) o P - a
"
- s
II I'I

20 {deyree )

T
i

- &
:
il

1% T 6 4% A4 6 T2 1 90 .

0 [degree)
\Analysis of microstructure with high resolution In-situ/Operando of crystal structure behavior/mapping /
Feature of Beamline ] ~

- Delivers a beam with low divergence and low harmonic order, exceeding 20 keV
via an insertion device for high-resolution powder diffraction (HRPD) above 30
keV.

- Utilizes HRPD as the primary technique, with an automated sample changer for
enhanced efficiency and additional analysis via dedicated experimental setups.

- Supports varied sample environments (temperature, gas, atmosphere) with real-

\ time XRD analysis. /

|

]
Beamline layout J

e 2
A

Transfocator

IVU16 (43m)

&

2D detector

\w

{
y |
{{rj‘ *:-"""" Sample

i
%?\%' ™

Diffractometer
(70m)

Specification ]

Photon Source
Energy Range

Energy resolution

Beam flux (ph/s)

Beam size (pm?)
H x V, FWHM

In Vacuum Undulator 16
6 ~ 45keV (optimized: 33.5)
<2x10*

~ 1 x 1012

Natural: 1200 x 600
Focused: 150 x 100

Measurement time
(0.02° step / 0.5s)

~ 15 min




ID25 Nano Angle Resolved Photoemission Spectroscopy(Nano ARPES)

Public

Mapping of the Fermi surface and observation of the electronic band structure of materials

. . )
[ Principle and application J

Termination B

: B Termination A [P0
| |

Current Applied Physlrj B0, 43[2024]

nnnnnnnnnnnnnn

uuuuuuuuuuu

k, (1/A)

Synchrotron radiation news, 27, 24(2014)

Finhole  Ic

ne plate  Electron analyser  Sample

2

’ k(1 A?i
Observation of the electronic band structure of materials

Nat Commun 13, 273 (2022)
1.0y -
7

LV
A

k, (1VA)
!I\\-T.

-~

AR\ —
Y

* o

.-.J

1.0 ,.

5 83 o0 &
k {1/A)

=

k, (11A)
El

o5 0 8s |
K (1/A)

1 O :g-:_

Synchrotron radiation news, 31, 50{2018)

@

MCP Detector

Capillary

. Central Stop

250 nm “-J,h
Y Exit Slits

W\ g

e

I
130 pamy

Mature Commun.vol. 13,:273 (2022)

Fermi Surface of Cu

Mapping the Fermi surface

~

[ Feature of Beamline

|

- Enables to observe the electronic band structure, which indicates physical
properties, such as electrical, optical and magnetic characteristics.

- From various polarization modes of the undulator, Enables the analysis of
magnetic properties and asymmetrical electronic structures

- Operates with two end stations: Micro ARPES(beam size: 5 x 5um) and Nano-

ARPES (beam size : 100 x 100 nm)

|

Beamline layout

)

J

\

Specification

J

Photon Source
Branch
Energy Range
Energy resolution
Beam flux (ph/s)

Beam size (um?)
H x V, FWHM

Elliptically Polarizing Undulator 98

Micro ARPES
0.1 ~2 keV
< 5x 10 (below 200eV)
~ 10‘12

5x95

Nano ARPES
100~200 eV
<104
~ 1011

0.1x0.1

ARPES analyzer Energy resolution

ARPES analyzer Acceptance angle

< 1.8meV FWHM
38




ID26 Soft X-ray Nanoprobe

Probing the electronic structure, chemical states, and nanoscale morphology of materials

)
[ Principle and application J

\

Inelastic Mean Free Pah (A)
2
'&\ﬁ
7;-_
==

Surf.5ci., vol.713,121903, 2%1.\

i
||

Catalysts Batteries Semiconductors Environmental

3| 41 Elemental Solids: Optical theory,
=>TPP-2M

Y
Q

"-?;. H,r 0.78 Bu“““;;"_'
|“‘||?$' Hj [HJE"' :ﬁ II::I“::::;: &
1 _II I _ oy
el E1IF|I|||iiiim|iI| HiP
Typical XPS

—————
100 T¥pical valgnce ARPES
10’ 107 10% 10

oy
=]

HAXPES, HXPS

Electron Energy (eV)
J. Electron Spectrosc. 195, 409(2014)

F. Miller. Saarland L,r'very

Feature of Beamline }

~

» Canted insertion devices (IVU24 + EPU78)
First adoption of canted design in Korea
Energy coverage: 0.1-5 keV (soft — tender X-ray)
* Broad experimental environments
From ultra-high vacuum to ambient pressure
* Versatile Exp. in (AP)XPS/XAS
- in-situ Operando Spectroscopy + Microscopy

|

Priority to

Industries

(mainly)

Energy resolution <10 (at 4 keV)

Beam flux (ph/s) ~1x 1014
Beam size (um?) ,
H x V, FWHM 12 x 5um

] )
Beamline layout J ™
» o~
EF )CE}
. e e
Shieldi . ’% ?_—/:::;:5%"}
ing wall c-;.-f?
Ml{Vv-collimating) 31m }.. sk \S"’f:..—?—‘
-, i M”"l" ";:""' ]”ir’“'*:‘:'ml N MS{H/V-focusing) f:..-.:T‘ZS\
,5,;9 ’?éd'ma 2(H/V- lc)cumnq} 40n =4
- cf_.:z.‘- _,:?c_:g 1{ V1cn||.|||-|J- 40m
D(Q% Slit -t ! o L Analy
(‘—f—‘a ) &S‘-‘“‘Jr Slit ' A%
\Sﬂ-’:-:___*- Sample 70 Sample 70m
\_ s /
Specification ]
Branch Tender X-ray Soft X-ray
In Vaccum Undulator 24 Elliptically Polarizing
LT (1.5m) Undulator 78 (2m)
Energy Range 2.5keV 0.1 — 2keV

1x104~2x10*

10 ~ 400pm?




Normal Mode (Gap Scan)

Undulator

Korea-4GSR 1VU24 Gap Scan Simulation

Gap (mm) =6

%1013

DCM

N

ord

—
4]
1

Flux (ph/s/0.1%B.W.)

7th
0.5H N
L [ A o0 £ g
i . . A
0.5 1 1.5 2
Energy (eV) x10%
2 a 1 1 1 1 1 1
=
m1.5F 3rd i
°
-
o
s 1T |
=
&
x 0.5F o
=
[T
0 L L 1L 1L 1
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Energy (eV)

PAL PLS-II IVU20 Gap Tuning

3rd Harmonic vs Gap

6000004 6.4 mm
— 6.6 mm
—_— 5.8 mm
500000 -~
—_— 7.0 mm
—_— 7.2 mm
— 400000 -
i
[
S
S
= 300000
oy
75
=
et
£ 200000 -
100000 -
— e i T P
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T T T T T T T T
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Energy (eV)

« By synchronizing the DCM and the undulator — a process
known as a gap scan — a high-flux beam can be delivered to

the experimental hutch.
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Transfocator
(43m)

Estimated Beamline Performance for HRPD
Optimized energy : 33.5 keV (IVU16, Gap 6 mm)
Sample Capillary (1, 0.5, 0.3 mm capillaries)

Various Capillary holding mode (Spinning, In-situ, ...)
20 Scanning range 3° ~ 40° (Optimized 5°~30°)

(0.02° step scan, expose time 0.5s)

*MAC crystals information
2° interval 13 crystals with single axis

0)°

FWHM (

[ESrRFID22 | |

0007 I I I I I I I
| —=— 1 prad (collimation estimated)
0.006 —— 7 urad (Gap 5 mm, 33.5 keV, IVU16)
Y0 w10 prad
1 <0.005° angular resolution
0.005 4 In3-27° 206 range (33.5 keV scanning range)
0.004
0.003
NN
0.002
0.001
0 ' I ' I ' I ' I ' I I I '
0 5 10 15 20 25 30 35 40

20°
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Transfocator
(43m)
SDD MAX 26 Angular Resolution ?g:;c;nfe :::iff ring)
500 mm 37.47° 0.074° 0.5-43A(26,,,=5
1000 mm 18.74° 0.037° 1.1-8.6 A
2000 mm 9.37° 0.019° 2-<16 A

*PILATUS4 X 4M (estimated with values of 327 mm active area in height,
150 pm pixel size, 0.5 mm sample thickness)

Vacuum

~— |
QOutlet "_: @ \ | Eﬁj‘

Oxygen Inlet
T —
8.4 cm \l[-‘l
Height

6 cm Length

m Base Plate

Estimated Beamline Performance for 2DXRD
Optimized energy : > 20 keV (depending on detector)
20 Max canning range 10° ~ 40° (depending on SDD)
SDD range 500 — 2000 mm

Angular resolution range (0.006 — 0.08° in the range of 500-2000 mm SDD)
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Transfocator
(43m)

/'

Movable

HRPD + Multi-Sample Measurement
Optimized energy : 33.5 keV (IVU16, Gap 6 mm)
20 Scanning range 3° ~ 40° (Optimized 5°~30°)

2DXRD + Multi-Sample Measurement

Optimized energy : > 20 keV (depending on detector)

26 Max canning range 10° ~ 40° (depending on SDD)

SDD range 500 — 2000 mm

Angular resolution range (0.006 — 0.08° in the range of 500-2000 mm SDD)



In-operando measurement

Transport / gating

Wire bonding to device capability

optical

graphene

graphite

SiO
Si

P

Transport / Gating Transport / Gating Magnetic field inducer
general sample holder



<* Tender AP-XPS/XAS

- Tender Energy [ 2 ~ 5keV (+ 0.1 ~ 3 keV)]
- Tender Ambient Pressure XPS and XAS
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Nature Communications 13, 5227 (2022)

Depth profiling experiments

(c)

Normalized intensities (arb. units)

W0 mbar

"\sapphire
|sample holder

cell

regulator

aperture
Topics in Catalysis (2018) 61:2064-2084

Top Catal 61,2064 (2018)
Electro chemical
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Pd-n alloy surface Pd-4n0, nanostructure

of carbonate (*CO,)
and atemic oxygen species

[ ve GO, P For
under ambient pressures

[ @ Palladium @ Indium @ Carbon @ Oxygen J
J.Phys.Chem.Lett. 16,4131—4138 (2025)

CO, Conversion
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<* Nano-XPS/XAS

- Soft Energy ( 0.1 ~ 3 keV)

Storage
Chamber

High-throughput XAS(XPS)
Beam focusing(optional) to sub-micron size
Automated sample measurement
Open to accepting a candidate systems

[HT-XAS(XPS)
@DIAMOND B07)]
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* Particle #1: Particle depictedin Fig. 1D.
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RSC Adv. 12,7996 (2022).

Binding Energy (eV)

Chem. Commun. 61, 14181 (2025).
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In-situ/Operando Experiments
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