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SHINE: Shanghai Hard X-ray FEL Facility

Shanghai HIlgh repetitioN rate XFEL and Extreme light facility (SHINE)

» SHINE is an 8 GeV CW SCREF linac based high rep-rate XFEL facility, it will be installed in
a 3.1 km long tunnel underground at Zhangjiang High-Tech Park, across the SSRF campus
to the southwest corner of ShanghaiTech University;

» This XFEL facility, assisting with a 100 PW super-intense laser facility, has 3 undulator lines,
3 beamlines and 10 experimental stations in phase-I, and it can provide the XFEL radiation
In the photon energy range of 0.4-25 keV.

» This project was launched by the central government in April 2017, and its groundbreaking
was made in April 2018, aiming at the first lasing at the beginning of 2026.

This facility is being developed by Shanghai-Tech Univ., SARI and SIOM of CAS.

SHINE
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The SHINE Linear Accelerator

» The SHINE Accelerator consists of
- An injector section: 750kV/217MHz photo cathode VHF gun, a two-cell buncher, a single-cavity CM
and an eight-cavity CM;
A laser heater section;
Four sections of 1.3GHz standard SRF CMs, and one section of 3.9GHz SRF CMs;
Three magnetic bunch compression sections;
A dechirper section at the end,;
In addition, a bypass line dedicated to FEL-II.
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Layout of SHINE SRF Accelerator
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Influence of TESLA type cavity

HOM coupler
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[1] Junjie Guo et al 2024 JINST 19 P02029, “Coupler RF kick and emittance optimization of the SHINE injector”

Simulation
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Worldwide cavities with Twin-FPC
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Figure 1: Input coupler in the injector cavity. 472
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Development of Cavity and CM
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Design of the cavity

B Axial symmetry cavity

B Enlarged beam pipe at downstream for
HOM propagation

Eliminate HOM couplers

Twin FPC located downstream

Using CST, Mutipac, Ansys

Beam pipe HOM absorber
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Report from Yan Wang, et.al, SARI-CAS
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Fabrication

Specification

High purity Nb material
Deep drawing
Electron beam welding

BCP treatment

Helium vessel welding

Vertical test

Frequency: 1300.2+/- 0.1 MHz @ 2.0 K, field flatness >90% (dressed cavity)
Q0> 1.5el10 @ Eacc=12 MV/m, Eacc_max > 19MV/m

Low QL of HOM modes with high r/Q: QL < 1e6

straightness <0.4 mm, length <+/- 3.0 mm, shape accuracy <+/- 0.5 mm
Leakrate < 1e-10 mbar I/s

Pressure test of dressed cavity: 0.23 MPa

A
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Vertical test results: £=1300.146 MHz @ 2K, Qy> 1.5 €10 @ E,;=12 MV/M, Eqg max~28MV/m

Vertical test results of SHINE twin-FPC cavity
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Coupler

E...=12MV/m. Q,=1.5X10%, Q.,=3.53X 107, assuming frequency detuning by microphonics d/=10 Hz, with 15% power loss
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Ib/mA Pf/kKW Pb/kW Pr/kKW |Pf/KW (single FPC)
0 1.66 0 1.66 0.83

0.05 2.05 0.62 1.43 1.025

0.1 2.48 1.25 1.23 1.24

0.15 2.96 1.87 1.09 1.48

0.2 3.5 2.49 1.01 1.75

0.25 4.08 3.11 0.97 2.04

0.3 4.71 3.74 0.97 2.355
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Coupler

Operation Power 1.24 kW (0.1mA)
Max. Power 2.40 kW (0.3mA)
Qext 7.0x107

Qext_range 3.0x107~1.0x108

ARC

warm window

Pumping  Flange for insulation

[

- —wu ‘——-—.,__;_——-i“!'t“'

2 K flange

Y

structure

WG-coaxial
i [N
Transformer

e-pickup

cold window

[
SH I B.E Length of inner connector is 23.5 mm shorter compared to standard one
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HOM absorber

Beam line type

SiC Material

Shrinkage method

PU side: ID80 *OD90*L=150mm

FPC side: 1D110
*0OD130*L=150mm

SHINE
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Cryostat

B Vacuum vessel, thermal shielding, magnetic shielding......

m  No 5K shielding




:1': ¥ B4 5% rmsmng

'; SHANGHAL ADVANCED RESEARCH INSTITUTE, CHINESE ACADEMY ENCES

Installation and Commissioning

SHINE



[2] Bo.Liu, Sixth Asian School on Superconductivity and Cryogenics for Accelerators (ASSCA2025)
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Cage
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Waveguides mounting
in injector section

]
L
O
° M M M i1TCM=twin FPC CM
1.3GHz i1CM LLRF commissioning
N )| LIRF = . Status | Wavreform | AMP / PHA Stability
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Several tools, including microphonics
monitor, Qe measurement,

microphonics suppression, have been
integrated.

[3] Houjun Qian, 3 SHINE Machine Advisory Committee Meeting
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[3] Houjun Qian, 3 SHINE Machine Advisory Committee Meeting
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Summary

=  One twin-FPC CM has been developed for SHINE injector to decrease the influence on emittance
s SC cavity, HOM absorber and cryostat are fabricated by domestic company
= Injector beam commissioning succeeded in 2024
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