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Introduction of FEL-I beamline
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Introduction of FEL-I beamline

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

B HSS: Hard X-ray Scattering and Spectroscopy Endstation
B CDS: Coherent Diffraction Endstation for Single Molecules and Particles

B SEL: Station of Extreme Light
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Introduction of FEL-I beamline: Requirements

Energy range 3.0-15.0 keV 5.0-13.0 keV

| D TS g S UL (VAN W D)) 2.0x104@8.9 keV 2.0x104@8.9 keV

i e e 30% @ 7ke V(without monochromator)  15%@7keV(without monochromator )

10 um @HSS
Spot size at sample 15 um @HSS
0.1 um&1 pm @CDS

Achieving a focused beam size of 100 nm will present the

greatest challenge for the final acceptance test.
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Introduction of FEL-I beamline: Layout

FEL-I (Top-view) NEH FEH
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energy ranges = Diagnostics: pulse energy, pulse spectra,
beam position and profile, beam loss
B A cryo-cooling DCM for HSS endstation monitor
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Progress of the beamline
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FEL-I diagnostics

XGMD&HAMPs

FEL-1 (Top-view)
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FEL-I diagnostics
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FEL-I diagnostics

Single pulse spectrometer

Grating and sample unit Crystal spectrometer
B Mechanical components have arrived. In-house grating
B Crystals will be delivered in November.
B Gratings will be delivered in November, and there is a line wiggling problem.
B The in-house fabricated grating has been completed, but it has stitching errors.
B Scintillator based detector and Gotthard were purchased
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FEL-I diagnostics

Wavefront sensor

[

1837.2
e
=
1 an
b

1300

B M2 wavefront sensor
will be delivered by
the end of October.
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Gas Attenuator

Up to 3 orders of magnitude
20m attenuation path
Working gases N, and Ar
Pressure up to 16 Torr

- 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

FEL-I Solid Attenuator Attenuation Plate Combination Design
FEL-l §EEmEFmbEHE 4%

B Designed to attenuate by 6 orders of magnitude. Am NO. 1 2 # | % | % | & | ¥ |8
®  Used in conjunction with gas attenuators at high ik \;;; CVD | CVD | CVD | CVD | CVD | CVD | CVD | CVD
repetition rates (0.1-1MHz). When the repetition rate is z = I;;n;s 40 80 | 160 | 320 | 640 | 1280 | 2560 | 5000
low (<0.1MHz), it can be used independently. b \;;:] Graphite | Graphite | i | Si | si | si | si | s
B Provide a motion repeatability accuracy of 10um. 1 A T;;: 10000 | 20000 | S0 | 160 | 320 | 640 | 1280 | 2360
The equipment was installed on the beamline in July 2026. P{;;f 2 : - -1 - - -]-
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Offset mirror

S0nrad and 2nm RMS for M1

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

bending)

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

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

SHINE

Axis M1 mirror M?2a mirror M2b mirror
Range +9mm +9 mm +9mm
X
] Resolution =10 pm =10 pm =10 pm
Vertical scan
Repeatability <50 pm <50 pm <50 pm
Range +9mm +9mm +9mm
Z
Resolution =1 um <1 pm =1 um
I/Out of beam
Repeatability <5 pm <5 pum <5 pm
Range +0.3° +0.3° +0.3°
Pitch Resolution <20 nrad <20 nrad <20 nrad
Repeatability =60 nrad =60 nrad =60 nrad
Range +0.8° +0.8° +0.8°
Roll Resolution <10 prad <10 prad <10 prad
Repeatability <50 prad =50 prad =50 prad
Installation
Yaw 200 prad 200 prad 200 prad
accuracy
Encoder All axis with encoder

The effect of X and Z on Pitch must less than 1.0prad

Technical specifications for the adjustment

system of the M1 and M2a/M2b mirrors




Offset mirror

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

requirements; and the stability results are as follows:
B Pitch stability = 44 nrad / 10min (RMS, 0.1~125Hz)
Roll stability = 500 nrad / 20min (RMS, 0.1~100Hz)
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Crystal monochromator

» Main Technical Parameters and Design Scheme

Parameter
Crystal sets

Energy range(keV)

Energy resolution

Beam height

Beam vertical offset

Bragg angle range
Beam cross section at 1st crystal

RoC

Maximum operational heat load

Beam stability
Cooling way

Vacuum

SHINE

Values
Si(111), Si(311)

3-15@Si(111)
5.6-15@Si(311)

<2x10-4@10 keV@Si(111)
<5x10-5@10 keV@Si(311)

1300 mm

15 mm
-5°-45°
4.8 mm(H)x4.8 mm(V)

Center of the first crystal

180W
50nrad/2 hours (RMS) (1~100Hz)
Cryo-cooling

<1x10-8Torr, Particle free(ISO-6),
Hydrocarbon free

It 1s 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.



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

The installation has finished.
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HSS KB-stability

LTI

(AL

SHINE

Rubber pads were
added to suppress
ambient vibration
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Angular PSD(nrad?/Hz)

Angle RMS(nrad)

HSS KB-stability
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HSS KB-metrology result

Mirror
specification

Specification after
bending

Mirror metrology
result(SHINE)

Metrology result
after bending
(FAT)

Metrology result
after bending
(SAT)

SHINE

0.5nm/2nm

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

2.18nm/9.7nm

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

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

EM2

0.5nm/2nm

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

6nm/36.4nm

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

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

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

2x DN100 CF FIXED BORED FLANGES - TRHOUGH HOLES
Hanges are concentric and holes are aligned)

Gap between flanges,

EM4 Center M4 Center

M3 Center EM3 Center
\ - 1

------------------

lllllllllllllllll
N Y O 0 O O W

1300
(M3 - EM3 - EM4 CENTER HEIGHT)
1291
(M4 CENTER HEIGHT)

Micron KB flystemi L " L L i
« 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 1n Shanghai last week.

SH"\Mirror delivery is delayed. Only EM3 and EM7 have arrived.

Vacuum chamber

INPUT BEAM

Chamber
support
RAL2003

7
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CDS KB- mirrors

FEL-I-CDS mirrors 2 =i’ JTEC CORPORATION
Mirrar M3 A4 EM3 EN4 EMT EMSA
Shape plane plame ¢llipse ellipse ellipse ellipse
Oricntation horizomtz] nghs vertical up horizontal lefi vertical down horizontal right vertical up
Coating BAC / R B4L ' Rua B4C/ Ru B4C ' Ru Ir Ir
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CDS KB-Mirror metrology (EM3)

Residuals of 3 files (top: after ellipse fit / bottom: after removing 3-order baseline)

Intensity After Propagation 1e19 At Vertical Position [mm]: 0 lel9 At Horizontal Position [mm]: 0

0.0015
N | | 1 | B Only EM3 and EM7 have
oo 11 | been delivered.
— B £ B EM3 (central radius ~ 6 km)
E - g 825 . .
¢ £ was characterized using
5 o 22 = SHINE stitching, HALF
B 7 G | . .
? s £ stitching and LTP metrology.
l - M The two stitching
—0.0010 0.5
measurements agree well
0.002 0.000 0.002 " UbOG OIOO4 0b02 OOIOO 00|02 0604 00|06 OOIOS 0 0|004 Oll}02 OOIOO 0602 00|04 1 h h h b d.
_I-Itorizontal .Positicn [rr;m] o o _chrizunt.ai Posit\.on [mmi . . o o Verti(lal Position [r.nm] . Wlt eac Ot er ut lsagree
—0.9 —0.2 . U.g u.4 significantly with LTP
Xim
B all measured results are bad.
file p q ] PV_raw RMS_raw PV_cor RMS_cor
EM3_HDX_raw_hei... 1145.5999 12.4000 -4.031e-03 19.309 4,235 13.609 2.394
EM3_Shanghai_ra... 1145.5999 12.4000 -4.825e-03 15.778 3.371 13.559 2.627
SHINE-CDS-EM3-B. .. 1145.6001 12.4000 -3.955e-03 40.870 3.862 28.423 7.166
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Commissioning Plan

m 2027.9.15 Firstlasing FEL-I beamline
m 2027.10.31 Start commissioning of FEL-I beamline
m 2026.12.31 Complete the commissioning

SHINE
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Summary

m Most diagnostic tools have been installed.

n Offset-mirror installation is blocking the installation of T34

m The double crystal monochromator will be delivered later than planned.

s The HSS KB VFM f{ailed to meet specifications during site acceptance testing.

m CDS KB mirrors are significantly delayed. For the delivered mirrors, only EM3
has been tested, and it does not meet specifications.

= Based on current plan, we have only two months for the commissioning of FEL-I
beamline, including the endsations and beamline.
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Thank you for your attention!
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2027.12 Acceptance test

2027.5 First lasing

2027.3 Ready for the laser
except the DCM

2026.9 Finish the installation
in T34

2026.5 Start installation

Key milestones

28
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