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SHINE: Shangiabi Hand! X{-ray FEL Facilityy

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

U 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;

U 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.

U 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 Shangii@ch Univ., SARI and SIOM of CAS.
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A 3 X-ray beamlines and 10 End-stations
A 100 PW super-intense laser facility
A Total length 3.1 km; 29.0 m underground

A An 8GeV SCRF linac, 3 undulator lines to deliver
photons from 0.4-25 keV, up to 1 MHz pulse train

S with pulse duration of 1-100 fs
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SHINE: A Highh-rep RatesXFEL Basedon SERRF——

VHF Heater BC1 BC2 1.3GHz FEL-Ilo 0.4-3keV

Gun : Cryomodule De-chirper : I
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100MeV L1 270MeV FEL-1o 3-15keV

U XFEL IFacility +100 PW Laser Faility i

8.0

Beam energy /GeV FEL-|
Bunch charge / pC 100 Photon energy /keV 3-15
Photon number per pulse @12.4keV >101
Max rep-rate /IMHz 1
FEL-II
Beam power /MW 0.8
Photon energy /keV 0.4-3
Phot /keV 0.4-25
Photon number per pulse @1.24keV >1012
Pulse length /fs 20-50 EEL-III
Peak brightness 5Q10%2 Photon energy /keV 10-25

Average brightness 5QL0%5 Photon number per pulse @15.0keV >1010
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10 Endi- Stations <@iSHINE fagilityiity

U FEL-I Hard X-ray End-stations

A HSS: Hard X-ray Scattering and Spectroscopy
A CDS: Coherent Diffraction Endstation for Single Molecules and Particles
A SEL: Station of Extreme Light

E XFEL + 100 PW Laser System

U FEL-Il Soft X-ray End-stations
A AMO: Atomic, Molecular, and Optical Science

A SES: Spectrometer for Electronic Structure
A SSS: Soft X-ray Scattering and Spectroscopy

U FEL-IIl Hard X-ray End-stations
A HXS: Hard X-ray Spectroscopy
A SFX: Serial Femtosecond Crystallography
A CDE: Coherent Diffraction Imaging
A HED: High Energy Density Science
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Pragresssob OVerallzRProjectCanstructionction

U Accelerator Systems
A Injector: installation and beam commissioning

A Main Accelerator: construction and installation of 1.3GHz and 3.9GHz
cryomodules

A Undulators: construction and installation of planar U26 and U55/75,
APPLE 111 ©68e

AOt her accelerator sub systems: RF po
A Cryogenic Systems: 1kW@2K plant, 3 * 4AkW@ 2K plants

U Beamlines and Endstations

U High-power Super-intense Laser System

U Civil Engineering & Utilities
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The SHINE:LineanAcceleratortor

U The SHINE Accelerator consists of

A An injector section: 750kV/217MHz photo cathode VHF gun, a two-cell buncher, a single-cavity CM
and an eight-cavity CM;

A Alaser heater section;
A Four sections of 1.3GHz standard SRF CMs, and one section of 3.9GHz SRF CMs;
A Three magnetic bunch compression sections;
A A dechirper section at the end;
A In addition, a bypass line dedicated to FEL-II.
VHF

Gun i1CM

9

Laser

Heater L1 3.9GHz Break L4 Dechirper
a0 - “ """ ﬂl‘llll{ﬂ ﬂ """ U g
2 CMHs
3 CMs / 18 CMs / 24 CMs ’ 30 CMs /
Ebeam= 100 MeV Ebeam 265 MeV Ebeam 2.3 GeV Ebeam 5 GeV Ebeam= 8 GeV
Ipeak =10 A Ipeeak 80 A Ipeak 1500 A Ipeak 1500 A Ipeak = 1500 A
(o8 = 1.1 mm (08 =0.13 mm (o8 =6 pMm a, =6 pm g, =6 pm



The SHINE:AtceleratorcConstructiontRrogressyress

U The SHINE injector installation and beam commissioning have been completed with
the required performance from the linear accelerator;

U Besides the injector modules, totally 11 sets of 1.3GHz and 3.9GHz cryomodules have
been assembled and 9 have been horizontally tested with good usable performance;
more 1.3GHz cavities and cryomodules are now under manufacture, integration and

test;

0 Commissioning and operation of the SHINE cryogenics system achieve good progress
with one in operation for the injector commissioning and one for cavity measurements.
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Injectoprtnstallation and=Beamecommissioning
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Imjectonrinstaliationi and=Beamccommissioning oniﬁ'g:

50pC/12.5A avearge i avearge

X . & s 0.41i0.03 mm mrad . - u 0-5710.04‘ mm mrad

0.5120.01 mmmrad : . : 0.55£0.01 mm mrad

033006 | mm mrad : . : 0.44%0.13 mm mrad




Cryamoddlele

A SHINE cryomodule design adopts the TESLA technology and refers to E -XFEL and LCLS-I1.
A High technical integration of many system components and techniques
Superconducting, RF, Magnet, Beam instrumentation, Vacuum, Particle free, Cryogenic, Mechanics, Alignment S8

A Main components in CM

A s- 1.3GHz, 9-cell cavities
A s- Couplers

A 8- Tuners

A 8- Magnetic shielding

A 16 - HOM couplers

A 1 - HOM absorber

A 1 - sc magnet

A 1-BPM

A 1- Cryogenic pipe system and thermal shiel
A 1 - vacuum components and valves

A 1 - cold mass support system

A1 dVacuum vessel

A 1- Cryomodule support system
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Supernconducting Gavity Developmentnent
U Cavity numbers : ~500 1.3GHz SRFcavities, 16 3.9GHz SRFcavities §
U Suppliers : RI, ZANON, HE Racing Technology, Eastern SC,o&
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1.3 GiHzzFundamental Powen€ouplersiers

A Anhui Huadong (160 sets) : 160 batch 1.3GHz couplers have been manufactured and
factory acceptance tested ;

A AIR CAS (80 sets) : 40 batch 1.3GHz couplers have been manufactured and factory
acceptance tested ;

A HE RACING TECHNOLOGY (8 sets) : 8 1.3GHz couplers have been manufactured and
factory acceptance tested ;

Fig. 1.3GHzcryomodule



3.9 GizFundamental Powen€ouplersiers

A AIR CAS (16 sets) : 16 batch 3.9GHz couplers have been manufactured and factory
acceptance tested ;

A Verified in two 3.9GHz CMs: SHINE 3.9 GHz FPCswithstanding 2 kW CW power and with
an adjustable function have been designed and manufactured, and verified In the two
3.9GHz cryomodules .

gk xr=anrn

- Y )
il -
~ ~
> < " -
B g
| JS -
] & .
B i 5
[l
) N oty Y
- s
<

Fig. 3.9GHz cryomodule Fig. 3.9GHz FPC in cryomodule




HOMW Absarbersrs

A Domestic ALN ceramic ring s, RFabsorption power test showed higher than 100W .

A Small batch of 8 HOM absorbers with ALN and SiC ceramic ¢ half and half manufactured and
passed FAT;

A Tunnel installation : One HOM absorber has been installed between two cryomodule prototypes

in the tunnel, verifying the clean installation process of the absorber ;

A Mass production of 56 HOM absorbers with ALN ceramic are under manufacturing

SH m Eramic rings ALN ceramic subassembly HOM absorber HOM absorber assembly



3.9GHz Cavity TUnersrs

A Cavity tuners for the two 3.9GHz CMs Parameter Design H-CM1 H-CM2
have been fabricated, horizontal value Measured Measured
. Slow tuner ~ .53 | %?.78KHZ~1139. 961.4kHz~1284.5
tested and verified: all meet frequency range : AkHz KHz
specification Slow tuner ~10 9.6Hz/step~12.8H |11.7Hz/step~13H
~ " sensitivit Hz/ste z/ ste z/ste
A The cavities for H -CM01&H -CMO02 — Tungr D D P
were tuned to 3900.00 MHz and the frequency range 1kHz 5.1kHz~14.9kHz 6.1kHz~14.5kHz
fast tuner were engaged during the FaStr;ggli;i;“n”'”g <1Hz | 0.33Hz~0.98Hz 0.43Hz~1Hz
operation
TR s H-CMO1/% S s if 18 sz i H-CMO2i 5 i T8 2
3900.2 - . 3900.2
3900.0 3900.0
_3899.8 3899.8
g 3899.6 T 38996
=, > —e—CAV1: 121 Hz/V E ) A = ——CAV1: 129 Hz/V
3y 28954 pa vy il o
%33899.2 —o—CAV4; 115 Hz/V ;i 3899.2 e CAV4: 136 Hz/v
38990 e A e 3899.0 e
3898.8 —e—CAV7: 148 Hz/V 3898.8 —e—CAV7: 86 Hz/V
SR » —e— CAVS8: 50 Hz/V —e—CAVS: 141 Hz/V
~ 3898.6 3898.6
S a—— 0 20 40 . 60 80 100 0 25 20 /> 100
NE 3.9GHz cavity tuner LA [ksteps] FLHLA S [ksteps]



SupernconductingMaghetsiets

A
A

to 25 A + 24 h).

16 SCmagnets have been tested, meeting SHINE requirements .
10 SC magnets have been installed in CMs, of which 6 magnets have
completed stability testing . Quench was not observed with the current up

Integrated peak gradient of SCQ
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Cold!BRW/

A In total, 17 Cold Button Beam Position Monitors (cBPMs) have been manufactured, and 11 of them

have been tested and verified to meet the requirements .

A Especially, over 110 feedthroughs have been fabricated, and all passed the cryogenic -shock test from

300K to less than 10K.
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Cryaestat Produttionon

A Cryostats status

A 1.3GHz cryostats: 10 assembled in CM + 16 fabrication
A 3.9GHz cryostats: 2 assembled in CM and tested
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Infrastructute forfGavity\Surface fireatmmentment

A Goal: undertaking the surface -treatment of SHINE cavities from domestic manufactures

A Status: EP2 and HPR3 have been built and put into operation, maximum production
capacity around 18 cavities per month now

~2000 m < platfogn for caw'ty surface -treatment
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Infrastructute forfCMAssemblynbly

A Two 3000 m 2 for CM Assembly and
Test Halls (ATH1 & ATH2)

A Available ~3 CM assemblies per
month now

A More than 10 rounds of CMs
assembled
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Test Stands fonCavities and GMS [Vis

4 vertical test stands and 3 horizontal test stands
Available 24~32 cavities vertical tests per month now
Available 2~3 CM tests per month  now (4kW cryogenic system for Linac has been introduced to HT

stands)
All special cryomodules has been tested, including two cryomodule for injectors, two 3.9 GHz

cryomodules.

Insert for vertical test

SHINE



