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Introduction of SHINE
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• SHINE (Shanghai HIgh repetitioN rate XFEL and Extreme light facility)

• Total length 3.1km, 29m underground

• 8GeV CW Linac, 3 FEL undulator lines, 3 beamlines ,10 stations, PWs laser

• Construction schedule: 2018.04 ~ 2025.03

Layout  and schedule of SHINE project

29m

Injector SC Linac Switchyard

Undulators

BeamlinesBeamlines

1st Exp.Hall 2nd Exp.Hall
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Injector
• 750kV VHF gun

• Single cavity CM 

• 8-cavity CM

• DBA bending section 

Parameters Value

Bunch charge (pC) 10~300

Repetition Rate (MHz) 0~1

Beam energy (MeV) 90~120

Slice energy spread (10-4)* 0.1~1

Peak current (A) 5~20

Normalized emittance
(95%,  um·rad)

0.2~0.6
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Linac

Parameters Value

Electron beam energy (GeV) 8

Bunch charge (pC) 10-300

Rep. rate (MHz) 0-1

Normalized slice emittance

in transverse (mm·mrad)

0.2-0.7

Peak current (A) 500-3000

Slice energy spread in rms < 0.01%

• SHINE Linac design is based on TELSA technology, with CW operation.

• The  linac consists of 75  1.3GHz cryomodules for beam accelerating,  and 

two 3.9GHz cryomodules for non-linear correction.

• Dedicated sections for beam diagnostics are arranged at critical locations 

(after laser heater and two BCs), together with collimator systems for beam 

halo control.

• Corrugated structure to ’de-chirp’ the energy spread is adopted. 

• Tuning dumps are adopted to facilitate beam commissioning stage by stage.
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FEL Lines

FEL-I FEL-II FEL-III

Undulator type Planar Planar + EPU SCU

Period length 26mm 68mm 16mm

Section length 4m 4m 4m

FEL modes HXSS/SASE SXSS/EEHG/SASE HXSS/SASE

FEL photon energy 3.0-15keV 0.4-3.0keV 10-25keV

FEL peak power 5-25GW 30-55GW 4-18GW

FEL pulse energy* 25-1100μJ 130-2400μJ 20-800μJ

FEL BW（RMS） 0.06% 0.1% 0.027%

FEL spot（RMS） 50μm 60μm 40μm

FEL diverge.（RMS） 3μrad 10μrad 2μrad

FEL-III：10-25keV

FEL-I：3-15keV

FEL-II：0.4-3keV

• There will be 118 undulators, including 74 planar undulators, 4 

elliptical undulators and 40 superconducting undulators. The total 

effective length is about 506 meters.

Phase-I beamlines and stations

FEL-I Hard X-ray End-station 

n HSS: Hard X-ray Scattering Spectrometer

n CDS: Coherent Diffraction for Single particle 

and biomolecules 

n SEL: Station of Extreme Light 

FEL-II Soft X-ray End-station 

n AMO: Atomic, Molecular and Optical physics 

n SES: Spectrometer for Electronic Structure 

n SSS: Soft X-ray Scattering Spectrometer 

FEL-III Hard X-ray End-station 

n HXS: Hard X-ray Spectroscopy

n SFX: Serial Femtosecond Crystallography

n CDE: Coherent Diffraction End-station 

n HED: High Energy Density science 
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Civil construction

• Tunneling machine reached

shaft #2 on August 5, 2021.

2022.06， shaft #1 & accelerator tunnel (Injector and Linac ) will be ready , 

utilities (water，gas，electricity…) installation will be started.

2022.12，civil construction will be completed, injector begin on-site 

installation.8



Cryogenic hall

• Cryogenic hall for the first 4 KW cryo-plant  are ready now ,  installation for cryo-plant 

will start in the first half of the year.  

找一张1号井低温厅的图片，作盛应该有。
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Cryomodules
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Single-cavity CM        8-cavities CM

Layout of injector 

cryomodules
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General structure of Single-cavity CM

• Twin-FPC structure adopt to decrease beam emmitance

• Independent vacuum isolation section （separate TL and CM)

• HOM absorber located at warm section(out of Cryomodule)

• NO vacuum gate valve arranged at cryogenic side

• NO feed cap& end cap , space saved
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Twin-FPC without HOM coupler

n Symmetrical structure

n Twin-FPC at downstream

n Without HOM couplers

n Enlarge BP diameter at downstream for HOM propagation（

78mm 110mm)

n Penetration depth of FPC is 25.5 mm shorter     compared to 

standard type     by shorten the length of inner conductor 

n The total length of cavity is 149mm longer than the standard 

cavity

n Position/Length of HOM absorber is optimized

Special cavity with Twin-FPC for injector

Specification

⚫ Q0>1.5e10 @ Eacc=12 MV/m

⚫ E2/E0<1e-4, E1/E0<1e-4

⚫ Qe_HOM < 1e6 for high r/Q modes
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8-cavities CM for Injector

FPC layout-ABBA

• ABBA-FPC structure for emittance control

• Independent vacuum isolation section

• HOM absorber located at warm section(out of Cryomodule)

• NO feed cap& end cap , space saved
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2021.04
Cool down of TL

2021.07.14
First CM cool down to 2K 
successfully!!!

2021.01 2021.03
CM assembly 
completed

CM assembly start

The first Standard 1.3GHz CM for Linac（ prototype）
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CM prototype RF test 

first BCP 8-cavities module in MTF2 tunnel 

Cavity conditioning result

• All the cavities were tuned to 1.3GHz

• Three of eight cavities achieved 16MV/m, total gradient of CM~93MV (megavolt)

• Q0 not successfully measured: Helium level gauge broken

#8 cavity frequency monitoring during cooling down Tuner test

Possible reasons: 

1. Vacuum is not so good(~ 200Pa) when we received these 

cavities, maybe small leaks on the flange、angle valve for 

some cavities,.

2. 4 cavities from IHEP take part in trial assembly procedure 

before formal assembly: they are suffered more times 

backfill than the other cavities. 

Treatment : Re-HPR ,Re-vertical test for 8 cavities! 
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VT and Ultra clean assembly

Ultra clean assembly for cavities string

• Maximal acceleration gradient  for seven of 8 cavities are more than 19 MV/m  after  re-HPR (except GJ001)

• GJ001  re-BCP treatment on WUXI platform , VT again , Eacc is 20.4MV/m, satisfied the requirement for assembly.

• BJ003 test at PKU

VT results after re-HPR
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A short test CM

Dark current during 
condition

• A  short test cryomodule( available for  2 cavities and 1 SC magnet at a time) was developed to improve assembly and test  

efficiency;

• In Dec 2021, the short CM with 1 BCP cavity (GJ003) was successfully cooled to 2K, followed by a 13 days cooling test;

• Q0 test carried out this time with dissipation power measured by heater compensation;

• Microphonic,  piezo precision, dark current , etc have been tested successfully;

• Significant microphonic are measured , we need search for noise source .

Microphonic test
Piezo precision test 

Q0 vs Eacc
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Key Components R&D
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1.3GHz superconducting RF cavity
⚫ TESLA type nine cell cavity, equipped with two higher order modes coupler, one pickup and one fundamental 

input coupler.

⚫ Q0=2～3E10 @ Eacc=14～18MV/m @ 2.0K.

⚫ Dynamic power loss : ~ 10W/cavity.

⚫ Surface treatment: Nitrogen doping / infusion / Mid-T   with EP to obtain high Q0.

⚫ Low residual magnetic field: < 5mGauss.

⚫ Qe = 4.12E7 with 10Hz peak microphonics with 0.3mA current.

G3G1

OSTEC 

G2

} { 16 FG cavities from 

international suppliers

ZANON 8, RI 8

(2021-2022)

4 LG cavities, RI 

collaboration with DESY

(2020- )

In parallel

Q0=(1.0~1.5) E 10

@ 16 MV/m

Q0=2.7 E 10 @ 16 MV/m

OTIC

KEK

• Annual meeting on SRF technology

• Supervision on facilities developed in Japan

INFN LASA

• 3.9GHz single-cell cavity test and CM design

DESY under CHILFEL 

• Training for young engineers

• Materials specification for Nb discs

• LG cavity prototype R&D in Germany
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1.3GHz cavities - E.ZANON line

ZJ001 ZJ002

N. Cavity Length（mm） Frequency(MHz) Eccentricity
（mm）

Spec 1283.4 ± 3.0 ~1299 <0.4

ZJ001 1281.71 1299.274 <0.2

ZJ002 1281.92 1299.277 <0.2

n The first two of 8 eight FG cavities have been fabricated. Good result. 

Eccentricity Eccentricity
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1.3GHz 9-cell cavities-RI

Parameter unit RI001 RI002 RI003 RI004

Q0@~16 MV/m / ~1.7e10 ~3.0e10 ~2.7e10 ~3.3e10

Q0@~19 MV/m / ~1.5e10 ~3.0e10 ~2.6e10 ~3.4e10

Xray@~16 MV/m uSv/h none none none none

Eacc_max MV/m 34.6 31.4 30.7 22.8

Limited by / quench quench quench quench

Frequency@16MV/m MHz 1300.290 1300.280 1300.300 1300.270

Four LG Cavities

• LG Nb materials from NX, inspected by DESY. Cavity performance supervised by DESY

• Specs of SHINE prototypes are satisfied, including Shape accuracy, Field flatness, Straightness , Frequency, Cavity length

• Delivery will be scheduled

Eight FG Cavities

• Two of them are welded

• Surface treatment is in progress • Nb material from NX, inspected by DESY
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4.0E+10

25.8MV/m

n Surface treatments at Wuxi platform

⚫ N-doping : Bulk BCP + EP 100um+900C/3h + 3/60@800℃ + EP10 um

⚫ midT-baking: BCP baseline +EP 50um + 900C/3h + air exposure/3days + 300C/3h

⚫ Q0 difference likely due to different fast cooling at PKU and SARI

⚫ Both N-doping and midT-baking recipes reached SHINE specs; more studies on going.

High-Q R&D on 9-cell cavities

N-doping

MidT-baking
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Fig. Eight-cavity and Single-cavity cryomodules

1.3 GHz Fundamental Power Couplers

Fig. FPCs RF conditioning historical curves

Fig. SHINE 1.3 GHz FPC

n 28 1.3 GHz FPC prototypes have been fabricated and all of them passed the RF

conditioning :14kW CW in Traveling wave mode and 7kW CW in standing

wave mode.

n The maximum RF power can reach 20kW in TW mode and 10kW in SW mode

(maintaining stable for 12 hours).

n 9 FPC prototypes have been assembled in the eight-cavity cryomodule

prototype and the single-cavity cryomodule respectively, and been RF

conditioned of 5.2kW both at room temperature and 2K temperature.

n The FPCs for double-fed SC cavity have been designed and in process. The

difference from the standard SHINE 1.3GHz FPCs is that the length of antenna

is shorten 25.5mm to achieve the 7.0E+7 of Qext.

Fig. FPC for double-fed cavity

CPI
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Design Value
Measured Value

（*Estimated）

Slow tuner frequency range 

（Nominal）
≥250 kHz 330kHz~360kHz*

Slow tuner frequency range 

（Maximum）
≥450 kHz 525kHz~570kHz*

Slow tuner dimensional range

（Nominal）
≥0.75mm 1.2mm

Slow tuner dimensional range

（Maximum）
≥1.3mm 1.7mm

Slow Tuner sensitivity 1-2 Hz/step 1.2~1.55Hz/Step

Fast Tuner frequency range ≥1kHz 3~4kHz

Fast Tuner tuning resolution ~1 Hz ~1Hz*

Tuner stiffness ~30N/μm 34.6N/μm

Operating conditions
Insulating vacuum 1.3E-4Pa ,T=20-60K，

Radiation doses 5*108rad

Lifetime 20years

Tuner mounted on cavity

1.3GHz Cavity Tuner

• Several warm and cold tests have been 

carried out , all parameters meet or better 

than the design requirements.

• 8 Tuners of the cryomodule prototype have 

passed the first round of horizontal test.
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HOM absorber structure and welding process
Designed available absorb power

200W@45K
Under development

Welding profile

1st process prototype for absorber ceramic subunit

(Copper TU0(High purity copper) + SS316LN +

Aluminum Nitride)

Temperature and Stress Analysis

Two advantages of the comb structure :

1. Soft: absorb stress induced by different

thermal expansion between different

materials;

2. It is highly thermal conductive: transfer

HOM power efficiently

Welding 

prototype
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Vibration stability studies of cryomodules

Quadruple

Ground

07/09 07/11 07/13 07/15 07/17 07/19 07/21 07/23 07/25 07/27 07/29 07/31 08/02

1

2

3

4

5

6

7

8

9

 

 

RMS Displacement(m)

C-pipe Pressure(Bar)

A-pipe Pressure(Bar)

B-pipe Pressure(Bar)

1/2 E-pipe Pressure(Bar)

Layout of measurement points in horizontal test

1. Vibration measurement sensors are

located on Quadruple

2. Black points are RMS displacement.

3. BP distributed widely when the

cryogenic pipe pressure fluctuated（
red line).

4. Keep helium pressure stable in CM

is important.
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Infrastructure
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Cryoplant

The largest superfluid helium cryogenic1kW@2K Cryoplant

Cryoplant for test with 1kW@2K has finished

the SAT （site acceptance test) in July 2021,

and has already supported five test benches among the HTB 

( Horizontal test BENCH),VTC(vertical test cryostat), MTC 

(multi functional test cryostat) to achieve 2K.

the largest superfluid helium

cryogenic system in China

with 1kW@2K has turned

into operation to support the

continuous RF test.
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Wuxi platform for SRF cavity surface-treatments

2018.10

Original hall
2019.10

Normal area Chemistry area

2021.11 2020.11

Devices in place

⚫ Main devices, gradually commissioned and put into operation since 2021.
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Beam test facility

Objectives

• Confirm the CM dynamic performance

• Test CW related components, system and technology with beam

• Confirm operation reliability and safety of hardware

• Accumulate the operation experience for SC Linac
Layout of the facility

Drawing of facility 
in #2 hall tunnel

n Beam energy: 300MeV (Max)

n Beam charge: 300pC (Max)

n Average current: 0.1mA (Max)

n 20.03~22.05，Design and construction

n 22.05~23.03，Commissioning and beam test
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Components R&D

• Cavity: high Q process achieved and confirmed in VT, HT and BT

• Others: ready for mass production

CM assembly and test

• 1st CM HT, 2022.04 ~05

• 2nd ~ 5th CM HT, 2022.05 ~ 12

• 1st CM beam test , 2022.06 ~08

• 2ndCM beam test , 2022.11

Goals for 2022

Infrastructure

• installation and commissioning  of beam test facility in 2# Hall completed

• Facilities in 2# Hall design and construction completed ,ready for mass production

32

2 CMs must be HT  by the end 1st half of the year – 06.30.2022-deadline 

of  the pre-research project of SHINE 

3 other CMs~ 2nd half of the year

2 of 5 CMs  finish beam test on beam test facility



Summary

1. Design for two injector CMs are completed, all the components are in production.

2. The first 1.3GHz CM prototype has been assembled , integration procedure has got confirmation.

3. HT has been carried out for the CM prototype, acceleration gradient~93MV, re-HPR treatment for all 8 cavities,

VT result is good , now it is ready for HT again (2022.04).

4. A short CM just aimed for HT is designed, fabricated, assembled in 2021, HT for a cavity (GJ003) on this CM

successfully.

5. Significant progress has been made in key components R&D, Q0 for several 9 cell cavities can get to 4.0E10 @25

MV/m, better than specification.

6. Tunnel construction near completion , Cryo-plant for test (1 kw@ 2K) has been put into operation since 2021.06.

7. Main devices for the surface treatment platform in WUXI, gradually commissioned and put into operation since

2021, some research for single and 9 cell cavities are already carried out on the platform.

8. Beam test facility would be completed in 2022.05, and test work would be carried out with one CM at the first

stage in 2022.06. 33



Thank You！
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