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Tuesday, October 20, 2026

FEL-I Beamline: Construction Progress and 
Commissioning Plan

Speaker: Yajun Tong
On behalf of the beamline design and engineering group

4th SHINE TAC meeting, Oct. 19-21, 2026
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Introduction of FEL-I beamline
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Introduction of FEL-I beamline

n HSS: Hard X-ray Scattering and Spectroscopy Endstation 

n CDS: Coherent Diffraction Endstation for Single Molecules and Particles

n SEL: Station of Extreme Light

The FEL-I beamline will deliver 3–15 keV FEL pulses to three endstations:

FEL-II
FEL-I
FEL-III

FEH
55m*76m

SEL

CDS

NEH
55m*50m

HSS
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Introduction of FEL-I beamline: Requirements

parameter Objective Nominal 

Energy range 3.0 – 15.0 keV 5.0 – 13.0 keV

Energy resolution(△E/E) 2.0×10-4@8.9 keV 2.0×10-4@8.9 keV

Efficiency of beamline 30%@7keV(without monochromator) 15%@7keV(without monochromator )

Spot size at sample
10 μm @HSS

0.1 μm&1 μm @CDS
15 μm @HSS

Achieving a focused beam size of 100 nm will present the 

greatest challenge for the final acceptance test.
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n Benderable KB for HSS endstation
n Fixed shape micron and nano KB for CDS
n Diagnostics:   pulse energy, pulse spectra, 

beam position and profile, beam loss 
monitor

Introduction of FEL-I beamline: Layout

n Attenuators:  GATT + SATT

n Three offset mirrors covering different photon 

energy ranges

n A cryo-cooling DCM for HSS endstation
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Progress of the beamline
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FEL-I diagnostics

XGMD & HAMPs (2), BLM 
(2)
BPIM1 (1) has been installed 
on the beamline.

XGMD&HAMPs Beam Loss Monitor

Beam Position and Intensity Monitor
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FEL-I diagnostics

9 imagers installed, 7 imagers awaiting installation, and 2 imagers not yet delivered

Imager
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FEL-I diagnostics

Grating and sample unit Crystal spectrometer

n Mechanical components have arrived.
n Crystals will be delivered in November.
n Gratings will be delivered in November, and there is a line wiggling problem.
n The in-house fabricated grating has been completed, but it has stitching errors.
n Scintillator based detector and Gotthard were purchased

Single pulse spectrometer

XRnanotech grating

In-house grating 
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FEL-I diagnostics

M2 wavefront sensor for the bender

n M2 wavefront sensor 
will be delivered by 
the end of October.

n The nano-focusing 
wavefront sensor has 
been completed and 
tested in a series of 
wavefront 
experiments

Wavefront sensor

Wavefront sensor for Nano-focusing

Wavefront experiment at NCI of PAL XFEL
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n   Up to 3 orders of magnitude
n   20m attenuation path
n   Working gases N2 and Ar
n   Pressure up to 16 Torr

Gas Attenuator

- Full assembly of mechanical & vacuum components
- Alignment calibration and laser propagation simulation 
completed
- Vacuum leak detection passed
- Water / electricity / gas utility routing finished
- Integrated control commissioning in progress

 Laser transmission over 52.8 m
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Solid Attenuator

n Designed to attenuate by 6 orders of magnitude.

n Used in conjunction with gas attenuators at high 

repetition rates (0.1-1MHz). When the repetition rate is 

low (<0.1MHz), it can be used independently.

n Provide a motion repeatability accuracy of 10um.

The equipment was installed on the beamline in July 2026.
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Offset mirror

n 50nrad and 2nm RMS for M1

n 100nrad and 3nm RMS for M2a and M2b (after 

bending)

n Pitch stability < 50 nrad / 10min (RMS, <100Hz)

n Roll stability < 500 nrad / 30min (RMS, <100Hz)

The three mirror chambers arrived in August 2026

Technical specifications for the adjustment

system of the M1 and M2a/M2b mirrors



  

15

Offset mirror

n M1 mirror chamber has completed offline testing, with all motion parameters meeting the 

requirements; and the stability results are as follows:

n Pitch stability = 44 nrad / 10min (RMS, 0.1~125Hz) 

n Roll stability = 500 nrad / 20min (RMS, 0.1~100Hz)
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Crystal monochromator
Ø Main Technical Parameters and Design Scheme 

Parameter Values

Crystal sets Si(111)，Si(311)

Energy  range(keV) 3-15@Si(111)
5.6-15@Si(311)

Energy resolution <2×10-4@10 keV@Si(111)
<5×10-5@10 keV@Si(311)

Beam height 1300 mm

Beam vertical offset 15 mm

Bragg angle range -5°-45°

Beam cross section at 1st crystal 4.8 mm(H)×4.8 mm(V) 

RoC Center of the first crystal

Maximum operational heat load 180W

Beam stability 50nrad/2 hours (RMS) (1~100Hz)

Cooling way Cryo-cooling

Vacuum <1×10-8Torr, Particle free(ISO-6), 
Hydrocarbon free

It is expected to arrive in March 2027. 
The installation will be finished before 
June 2027. 
The Jtec crystal will arrive in July 2027.
The in-house crystal will be ready in 
December 2026.
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HSS KB

The installation has finished.

HSS KB system:
• Bendable mirrors: two elliptical mirrors at 4 mrad with B4C & Ru coating
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HSS KB-stability

Rubber pads were 
added to suppress 
ambient vibration
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HSS KB-stability

VFM HFM

954mm

Sensor_v1 Sensor_v2

VFM: 15 nrad
HFM: 21 nrad
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HSS KB-metrology result

EM1 EM2

Mirror 
specification

0.5nm/2nm 0.5nm/2nm

Specification after 
bending

3nm/12nm@full aperture
1.5nm /6nm@400mm central part

3nm/12nm@full aperture
1.5nm /6nm@400mm central part

Mirror metrology 
result(SHINE)

2.18nm/9.7nm 6nm/36.4nm

Metrology result 
after bending 
(FAT)

2.62nm/9.97nm@full aperture
0.87nm /3.43nm@400mm central part

2.5nm/11nm@full aperture
0.9nm /4.24nm@400mm central part

Metrology result 
after bending 
(SAT)

2.99nm/22.2nm@full aperture
0.73nm /3.7nm@400mm central part

4nm/14.7nm@full aperture
1.63nm/7.5nm@400mm central part
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HSS KB-metrology result

HFM VFM

5keV 7keV 12keV

Obvious side lobes appear in the vertical direction at the low-energy position of the focused spot.
No significant effect is observed on the horizontal focused spot.
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CDS KB

Micron KB system:
• Fixed shape, consisting of two plane mirrors and two elliptical mirrors with 4mrad, B4C &Ru coating
• Four bounces: one pair deflects in the horizontal plane and one pair in the vertical plane
• Face side, face-up and face-down
Nano KB system:
• Fixed shape, two elliptical mirrors with 7mrad, Ir coating

It arrived in Shanghai last week. 
Mirror delivery is delayed. Only EM3 and EM7 have arrived.



  

23

CDS KB- mirrors

Deliver in December 
2026

Deliver in January 
2027

Deliver in 
October 

2026
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CDS KB-Mirror metrology (EM3)

n Only EM3 and EM7 have 
been delivered. 

n EM3 (central radius ≈ 6 km) 
was characterized using 
SHINE stitching, HALF 
stitching and LTP metrology. 

n The two stitching 
measurements agree well 
with each other but disagree 
significantly with LTP

n all measured results are bad.
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n 2027.9.15  First lasing FEL-I beamline
n 2027.10.31 Start commissioning of FEL-I beamline
n 2026.12.31 Complete the commissioning

Commissioning Plan
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n Most diagnostic tools have been installed.
n Offset-mirror installation is blocking the installation of T34 
n The double crystal monochromator will be delivered later than planned.
n The HSS KB VFM failed to meet specifications during site acceptance testing.
n CDS KB mirrors are significantly delayed. For the delivered mirrors, only EM3 

has been tested, and it does not meet specifications.
n Based on current plan, we have only two months for the commissioning of FEL-I 

beamline, including the endsations and beamline.

Summary
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Thank you for your attention!
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Key milestones

2026.5 Start installation

2026.9 Finish the installation
 in T34

2027.3  R
eady for the laser

except the D
C

M

2027.5  First lasing

2027.12  A
cceptance test


