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FEL-I Beamline and Endstations

SHINE Overall Layout of Beamlines and Endstations
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Progress of FEL-l Beamline
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» The installation of FEL-I beamline began in May 2026.
» The FEL-I beamline will be ready for receiving FEL radiation in Mar. 2027 .
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HSS: Hard X-ray Scattering and Spectroscopy

Update: Installation in progress

Elementary excitations & electronic dynamics

Hellium path
Four-blade slit Parameters Values
Spatial coupling chamber

g | Energy range 3~15 keV
m \ Pulse energy 170 pJ@7keV
: B @8GeV/100pC 80 pJ@12.4keV
Monochromator Si(111): 2E-4 @3-15keV

Energy resolution Si(311): 5E-5 @5.6-15keV

B — Type of focusing K-B & (CRL in the future)
SN W/‘I/l‘ slit Imager — |
Double-crystal Beam position and intensity monitor Focal spot size at sample 611m~200pm
monochromator Pulse arrival monitor (HxV, FWHM)
XFE L bea m Diamond window
AE/E AE-5
2026.Q1 2026.Q2 2026.Q3 2026.0Q4 AT ~ 100 fs

Start installation RIXS spectrometer Finish installation



Scientific Objectives & Methods

> Elementary excitation in correlated quantum materials.
> Electronic structure and spin dynamics changes in chemical, biological, energy materials.

(tr-RXES, XES, HERFD-XAS)

(tr-RIXS)

SHINE

> Structural evolution phenomena such as phase transitions and solvation. (tr-XRD, XSS)
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Experiment Planning: Science cases

+ Time-resolved Ir L; (11.215 keV) edge magnetic RIXS
Magneton and dd transition in correlated transition-metal oxide (Sr,IrO,)

SHINE

tr-RIXS .

Time delay

B ;
Infrared pump

Pump Laser:
2 pm, ~100 fs, 0.5~13.8 mJ/cm2,

XFEL:
11.215 keV, ~10 15, 120 Hz,
total E resolution ~70 meV
momentum resolution +0.5A-1

time resolution 500 fs
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Pump Laser: 2 pm, 20 mJ/cm? 845-pm focus;
XFEL: 11.215keV, ~10fs, 50-um focus

Sr;_II'O:;

Proc. Natl Acad. Scii 2021, 118(22), e2703696778. 6
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Experiment Planning: Science cases

+ Time-resolved Fe K, & Kz XES and XSS
Correlated tracking of

electronic and structural dynamics

Physics

« Spin crossover

* Nuclear wavepacket motion

+ Electron-phonon coupling

+ Liquid-liquid phase transition

o Chemistry

+ Molecular dissociation and rearrangement
< . « Ultrafast solvation
. . \ « Multi-channel relaxation

Laser .
Fe Ko XES Biology

XSS

Jet

Fe KB XES

Free energy scale

i » Photodissociation mechanism of cytochrome ¢
« Axial structural distortion
Nat. Chem. (2021) Chem. Sci. (2019) Nat. Commun. (2023) * Energy transfer and biological functions
Nat. Commun. (20217) J. Phys. Chem. B (2016) Chem. Sci. (2023)
Nat. Commun. (2020) ACS Nano (2024) Nature Commun. (2015)
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HSS Endstation: Pilot Experiment and Readiness

4 Photochemical Dynamics of Photoinduced Spin Crossover in [Fe(bpy);]2+
€ Photoinduced Jahn-Teller Distortion in Mn(acac);
4 Oxidation Dynamics of the Kok Cycle in Photosystem Il (PSII) Mn,CaO;

Pilot Experiments:
(tr-XES + tr-XSS)

Experimental parameters based on the current situation

Sample 20~50 mM [Fe(bpy);]2* / Mn(acac); / Mn,CaOs read \
P 50-300 um Liquid jet, Helium flow y

XFEL photon Fe > 7112 eV, Mn > 6539 eV, 100 pJ, 30 fs il

Monochromator DCM Si(311) or Si(111)

Spot size on sample 10-50 pm (V) x 200 um (H)
X-ray K-edge Emission

Repetition rate 10 Hz - 1 kHz P Tea |1

Pump laser 400-600 nm, 10-15 pJ/pulse, 0.5 kHz

Time window -1~5 ps fine scan, 5~20 ps medium scan %ﬁﬁfjs'm B

Spectrometer XES spectrometer ready Continuum \ 5,4 P AN n ot

Detectors Jungfrau 0.5M and 4M, 1 kHz ready X-ray \ % % : K
probe { N

154k 1s+— 1s+

Total time resolution < 100 fs
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HSS Endstation: Pilot Experiment and Readiness

> Pre-experiments for Fe emission spectroscopy, especially for sample system testing.

> Fe K, and Kg has been collected successfully, and will be detected with spectrometer in
high energy resolution mode by the end of this year (Fe and Mn Ko, , and KB, ; and K, s).

» DAQ and control system has been developed for the offline testing.

X-ray focal spot: 170 ym
Sample: 30 mM [Fe(bpy);]Cl, aqueous

200 pm liquid jet




Progress of HSS Endstation

RIXS spectrometer

2020-2024
2025.10.22
2026.04.21
2026.07
2026.08
2026.09

2026.10.19

2026.11
2027.03
2027.04
2027.11

7/16

SHINE

CDR & TDR

TAC meeting, 90% Contract signing

TAC meeting, Preparing for online installation
Starting online installation

White slit, Imager, Beam stop, K-B mirror installed
Beam stop, RIXS spectrometer installed

TAC meeting, Hellium path, Sample system, RXES
spectrometer offline integrated and under testing

Complete online installation
Complete joint debugging
Complete all ready for XFEL

Achieving the acceptance criteria

equipments has been installed

10



Problems and Challenges

The very tight installation and commissioning period from now until the FEL-I first lasing.

Beamline

K-B mirror performance verification

Double-crystal monochromator delivery
time (Mar. 2027) needs to be guaranteed

Diagnosis

Alignment laser system, Pulse arrival
monitor, Spatial coupling chamber
contracts have not been signed

Pump laser

Laser table delivery time (Jan. 2027)
needs to be guaranteed

Optical path design and setup should be
done as early as possible

Endstation

The unique features and difference between us and the LCLS-1l HE, and other XFELs. (next step)

The very constrained space of EH

The remaining contracts for acceptance
and pilot experiments

SHINE

Hellium path
Four-blade shit

Spatial coupling chamber

Diagnostic table
K-B mirror
Imager

Spectrometer

Double-crystal Imager

monochromator Beam position and intensity monitor
/ Pulse arrival monitor
XFEL b eam Diamond window

11
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CDS: Coherent Diffraction Endstation for Single SHINE

Molecules and Particles

Update: Installation in progress

/QSolid Attenuator

Main Photon Parameters (2027)

Items Parameters

~

Laser Hutch

\/ SI_tREfe’e"CE e Photon Energy 5-10 keV
Its
1 pum Focusing KB Mirrors Average Pulse Energy 2 100 pJ (Source Point)
Beam Stability <10%
Repetition Rate < 2kHz
Bandwidth <0.1%
‘. Pulse Length <100fs
Diagnostics g ‘&00“\ Focusing Capability 1.0 pm & 100 nm (Two IPs)
C-Slits N : . i
Differential Pumping Sample Environment High Vacuum: Helium: Atmosphere
linm Facusing KB Minors . Sample Delivery Aerosol Injector (SPI); GDVN & LCP (SFX)
Scattering Chamber <
\\ 4M Jungfrau Detector Detectors Jungfrau 4M (4 mm Central Hole)
ager
hoton Shutter Experimental Hutch: 31m x 7m (L x W) Pump Lasers 1030 nm, =40 fs @ 100 kHz;

2026.Q1 2026.Q2 2026.Q3 2026.Q4

Start installation Finish installation 12




Scientific Objectives & Methods

SHINE

Ultrafast X-ray Imaging

Structure of Individual Particles

Particle =
XFEL &5

injection

second
Noisy diffraction detector

Nanoparticles, Virus, Aerosols, Clusters, efc.

Science 316, 1444 (2007); Nature Phys 2, 839 (2006);
Phys. Rev. Lett. 114, 098102(2015); Optica 8, 5 (2021).

Wavefront
sensor or

Ultrafast X-ray Scattering

Time-resolved Structure Dynamics

l Sample
e
—
XFEL X-rays g—
l Detector

(Tr-) Forward Scattering (SAXS, FXS, USS, etc)

0.10 ps

Liquid, Gas, Multi-particles, efc.

Proc Natl Acad Sci USA 115, 11772 (2018); Nat. Chem. 11, 716 (2019) ;
Nature Phys 12, 966 (2016).

Ultrafast X-ray Crystallography

Atomic Structure of Microcrystals

Liquid Jet

a .‘__.r". 0

¥ Interaction I'-'oint\

(10 um?2 focus) §
Be lenses

CSPAD detector Undulator
(z =93 mm) (420 m upstream)

(Tr-) Serial Femtosecond Crystallography

Protein Crystals, Tiny Crystals, Quantum Dots, efc.

Nature 615, 939 (2023); Nature 601, 360 (2022);
ACS Nano 19, 28372 (2025).

Capturing Atomic Structures and Ultrafast Dynamics 13
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Experiment Planning: Science cases

¢ Atomic structure of crystalline proteins with Tr-SFX method;
¢ Single protein particle imaging for non-crystalline proteins with Tr-SPI

Single-Particle Imaging (SPI, 3D Imaging) Time-Resolved Serial Femtosecond Crystallography (Tr-SFX)

3D high-resolution imaging of individual particles

Ultrafast structural dynamics of light-sensitive proteins

Aerosol Injector 2D diffraction pattern al"n)i;:c?;slt-;; 2D diffraction pattern
Pump laser

(1030 nm, < 40 fs)

0 * ' :,
XFEL " —— XFEL .o
"o :
@ <
i ‘e
£ ; @
ﬁ & Jungfrau 4M ° Jungfrau 4M
(4 mm central hole) (4 mm central hole)

High-symmetry

Viruses gold nanoparticles Marine aerosols Photosysjgm 11 (PS-I1) system Photoreqeptor proteins
(e.g. 50—200 nm) (e.g. 50200 nm) (complex mixtures) (water splitting, photosynthesis) (e.g, rhodopsins, LOV, BLUF, etc.)
| 3D high-resolution imaging of diverse and reproducible Time-resolved structural dynamics of light-sensitive proteins
Goal l particle systems Goal

using pump—probe Tr-SFX

14



SHINE

CDS Endstation: Pilot Experiments and readiness

Pilot Experiment - SPI:

High-throughput Imaging of Biological Particles and Nanocrystals with Aerosol Injector.

X-ray Photon Parameters:
5 keV, 30 fs, > 100 ud, 100-1000 Hz

Pump Lasers: No

Sample Injections:
ESI and Atomizer & Uppsala AFL-100

Samples:

Melbourne Virus, Gold NPs, NaCl Aerosols.

Detector: 4M JF with 4mm Hole.

Online Data Analysis:
Ready

Control Panel and PyDM:
Ready

Collaborations:

Prof. Zihe Rao (STU),
Prof. Quan Wang (STU),
Prof. Changyong Song (POSTECH),
Prof. Christoph Bostedt (EPFL, PSI),

Prof. Filip Maia (Uppsala U.), efc. 5



SHINE

CDS Endstation: Pilot Experiments and readiness

Pilot Experiment Tr-SFX:

Dynamic Structure Change of Receptors with Pump Lasers.

X-ray Photon Parameters:
9.5 keV, 30 fs, > 100 ud, 100 Hz

Pump Lasers:
518-800 nm, 100 um, 40 fs, < 50 ud
100 Hz, Delay: -10 ps to 100 ps

Sample Injections:
GDVN with MPI Anti-Settler

Samples:
UVRS, PhyA, PhyB.

Detector: 4M JF with 4mm Hole.

Online Data Analysis:
Ready

Control Panel and PyDM:
Ready

Collaborations:

Prof. Jiangyun Wang (IBP, CAS),

Prof. lime Schlichting (MPImF),
Prof. Wenkai Zhang (BNU),
Prof. Hongjie Li (STU),

Prof. Bei Ding (SJTU),

Prof. Lijin Tian (IB, CAS), efc.

700 nm

/ﬁg%@w Lumi-R

Meta-F

us
Meta-Ra

/ms

Meta-Rc

> 50 ms
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SHINE
Progress of CDS Endstation

Status of Functional Modules

May 2026: Factory Manufactory and FAT
Jun. 2026: Installation for FEE Instrument

Sep. 2026: Offline Integration for Core Instrument

Oct. 2026: Core Instrument Installation

Nov. 2026: Differential Pump & Detector Installation

Dec. 2026: Complete of Diagnostics Installation

Jan. 2027: Complete of Supporting System

Mar. 2027: Offline Commissioning

Dec. 2027: Acceptance test

—000 0000090

Solid Attenuator Ref. Laser Differential Pump

17
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Readiness: Experimental Supports SHINE

» Pump-probe laser system

Compensation of timing drift between

Pump-probe lasers Synchronization between XFEL and PP laser llat d amplifier based on BOC
oscuiator and ampliin
» X-ray detector > DAQ & Software & Data Center
- Key technology path established - FEL-II DAQ Technical design completed
- Full system is under construction - Data Center completed

Sensor Readout chip Light detection DAQ software of area detectors Data Center Layout



Schedule of FEL-1 Beamline and Endstations

FEL-II first lasing

Endstations Design

SHINE

FEL-I lasing

I ! M
2024 200410 2025 2025.5 2026 20265 2026.92927
2025.05 FEL-Il beamline Installation commission
2025.06 FEL-Il endstations Installation commission

2026.05  FEL-I beamline Installation

2027.5
Acceptance
test
commission

2026.05 FEL-I endstations Installation = commission

¢ Feb. -Mar. 2027: FEL-I beamline ready for laser
¢ First half of 2027: FEL-I first lasing
® Nov. -Dec. 2027: The FEL-I beamline, endstations, ready for the acceptance tests.

20



SHINE
Summary

» The installation of FEL-| endstations began in May 2026.
» The CDS endstation will complete online installation in December 2026.
» HSS endstation is expected to be ready for commissioning in June 2027.

» Both endsttions will be ready for pilot experiments in December 2027.

HSS Endstation

CDS Endstation
21
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