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Project overview

Project name Shenzhen Superconducting Soft-X-Ray Free Electron Laser (S*°FEL)

Institute of Advanced Science Facilities, Shenzhen

Construction unit
Shenzhen Guangming Science City Development and Construction

Co., Ltd

Guangming District, Shenzhen

Construction site
(Guangming science city, cluster of facilities)

Construction scale Total area of ~220,000m?
Construction period 6 years
Status Approved on May 2023
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Importance of high-brightness advanced light source

» The highly sensitive detection method based on the high-brightness light source is the most important driving

force to promote the scientific research of matter and materials.

» High-brightness light source (such as laser technology) pave a way for the development of modern

revolutionary technology.

Various scientific applications

icine Quantum materials
AT

Information materials

Interstellar scienc Biomed

Ry
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Worldwide FELSs

Beam energy Rep. rate/Hz
Facility Wavelength Country LINAC /GeV Photon energy p- Staues
DE SRF 1.25

FLASH Soft X-ray 14 - 300 eV 5000 operation

European [ pep gt EU SRF 17.5 8.4 - 30 keV 27,000 operation
XFEL
LCLS-I1 Hard X-ray US SRF 4 0.2 -5 keV 1,000,000 commissioning
SHINE Hard X-ray CN SRF 8 0.4 - 25 keV 1,000,000 Under
construction
Soft X-ray CN SRF 2.5 0.04 - 1 keV 1,000,000 Approved
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Where is Shenzhen?
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Guangming Science city

Guangming Science City, which is situated in the northwest
of Shenzhen, is located at an important node of the
Guangdong-Hong Kong-Macao Greater Bay Area and the
Guangzhou-Shenzhen-Hong Kong-Macao Science and
Technology Innovation Corridor. Bounded by Longda
Expressway in the west, Guangming Science City reaches
out to the boundary between Shenzhen and Dongguan in
the north and the boundary of Guangming District in the
southeast to occupy a planned area of 99 square kilometers.

We will focus on building large-scale scientific facilities and

establishing research institutes and institutions of higher

education.
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Location and Layout
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Campus overview
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No.

Naming
S’FEL hall

SMTF hall

PATF hall

Cryo-hall A
(TFCP & PACP WCS)

Cryo-hall B
(ACCP WCS)
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SSFEL Layout

MHz repetition-rate soft X-ray FEL
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Injector

Function: Generate MHz repetition-rate, high quality and high brightness electron beam

VHF Gun Solenoid Buncher CM _ e-beam

Pulse duration of ~10 ps with
lus separation

Parameter Range Unit
Energy 90 70-120 MeV
charge 100 10-300 pC

bunch length (rms) 4.5 1-9 ps
Current 9 4-50 A
emittance 0.5 0.2-1.0 mm-mrad
energy spread 1 1-5 keV
repetition rate 1 0-1 MHz
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LINAC design

Function: accelerate the electron beam, compress the beam length and increase the peak current intensity

i ~04 ‘camor00 Wl =1 1o YT I 1 T— i
Injector I T CM13~25 Splitter
90MeV, 10A, 4.5ps 250MeV, 80A, 0.5ps 1.2GeV, 800A, 50fs 2.5GeV, 800A, 50fs
COLO L1+HL BC1l COL1 L2 BackupBC2 EMIT L3 Backup DCP DIAG1
3 CMs 7 CMs
Parameter Design Range Unit
energy 2.5 1.0-2.5 GeV
1.3GHz cryomodule: charge 100 10-300 pC
26 sets, energy acceleration bunch length (rms) 50 10-100 fs
current 800 200-1000 A
3.9GHz cryomodule: _ p
2 sets, linear compression compensation emittance 0.5 0.2-1.0 mm-mra
energy spread 400 250-500 keV
rep. rate 1 0-1 MHz
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1.3 GHz CM Technical Requirements  1AFF zuzenzsmsn

The deviation of the X/Y/Z directions of the internal

components of the cryomodule relate to the cryomodule itself
= 128 MV cw Cavity X,Y misalignments 0.5 mm
<1nA Quadrupole X,Y misalignments 0.5 mm
< 10W @ 2 K BPM X,Y misalignments 0.5 mm
< 110W@2K @ 128 MV Cavity Z misalignments 2 mm
1.3 X 108 Pa @2K Quadrupole Z misalignments 2 mm
1.3 X 10* Pa @2K BPM Z misalignments 2 mm
< 5mGs Cryomodule internal components XZ/YZ relative cryomodule tilt or axis deviation
13 GHy
2K Cavity tilt misalignments 0.5 mrad
> 16 MV/m Quadrupole tilt misalignments 3 mrad
“ >2.7 X 1010 @ Egcc =16 MV/m BPM tilt misalignments 3 mrad
0.5 mm internal Cavity roll misalignments 10 mrad
4.1 X 107 4.0 X 106- 1.1 X 10% Quadrupole roll misalignments 3 mrad
TkW cw BPM roll misalignments 3 mrad

Tuning range of slow (exp/max) With 1-2 Hz

T 250/450 eseli e Cryomodule relative accelerator misalignment deviation, tilt or axis deviation

0.01% (RMS) Cryomodule X,Y misalignments 0.3 mm
0.01 deg (RMS) Cryomodule Z misalignments 2 mm
200 pm @10pC Cryomodule tilt misalignments 0.05 mrad
1 pC Cryomodule roll 2 mrad
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SRF cavity overview for S’FEL

72 x 3.9 GHz CM 16 x 3.9 GHz Cavity 16 x 1.3 GHz Coupler 16 x 1.3 GHz tuner
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Current situation of S’FEL

Construction of the first building (office) for S’FEL is done in 09/2022.

Civil engineering construction for Linac will be started soon.
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Temporary Lab for S°’FEL R&D work

A temporary experiment hall has been proved by Shenzhen government to support FEL

related experiment before the readiness of SMTF.
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International communication
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Preliminary Design Review (PDR)
S3FEL Superconducting LINAC
15-16 June 2021

Summary of Recommendations

* Anticipate 3.9 GHz completion for enabling early injector operation

* Try to enable operation of injector before linac, enable cryo separation
and provide a beam dump for its operation

* Provide an overall workflow from cavities to tested cryomodules,
forecasting the necessary rework operations from previous projects, 100%
success-oriented plans are bound to miss milestones

* Provide an integrated list of high-level machine parameters and derived
acceptance criteria

Ensuring R&D program for achieving reliable high-Q cavity performances
in cavity VTs and cryomodule tests would be necessary before starting
mass-production of cavities and cryomodules.

* Young staffs should actively join all of SRF works at IHEP, SHINE, IMP and
PKU in the preparatory stage before completion of on-site infrastructures
at Shenzhen.

Concluding Remarks

* Shenzhen Laboratory should participate in the Tesla
Technology Collaboration in the early stage, and the SRF
activities for constructing S3FEL should be reported in
order to obtain understanding and cooperation by the
worldwide SRF community.

* Since several large SRF projects are under construction in
China with limited talent pool and their own priorities, and
considering the Shenzhen IASF a newly established
accelerator lab and the tight schedule of S3FEL project, it is
suggested to build as soon as possible an official
collaboration frame with clear definition of the role of each
partner institute/laboratory, in order to get more real
support and resources.
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Report on the Preliminary Design Review
of the S3FEL Cryogenic System

P. Arnold, H.-S. Chang, G. Gistau-Baguer, W. Hees, E. Kako,
F. Millet, H. Nakai, D.S. Park, B. Petersen, S. Yoon, J. Weisend,

May 2, 2021

General Comments

The preliminary design review (PDR) of the S3FEL Cryogenic System was held April 27
-28,2021.

The committee was very impressed by the quick progress made so far on the S3FEL
project. The talks presented were clear and at an appropriate level of detail for a preliminary
design review. There remains the need for separate detailed design reviews for many of the
components, particularly the various valve and distribution boxes of the distribution system.
The committee was only able to make high level evaluations of these components.

The schedule is aggressive in particular for the release of specifications. Thought
should be given to staging the work in series rather than doing everything in parallel. Priority
should be given to the TFCP and PACP with procurement of the CDS and ACCPs delayed until
later.

The committee generally agrees with the design choices made, sees no significant
technical issues, and believes that the project can move forward into procurement in an
appropriately staged manner.

In terms of organization; having the cavity, cryomodule and cryogenics staff all in the
same group is a good practice and a significant advantage. This appreach should minimize
interface and optimization problems.

The number of planned staff (50) is probably just enough assuming significant
industry participation in the cavity and cryomodule production. Experienced people are
required to follow the procurement of the cryoplants. Care should be taken not to
underestimate the effort needed for proper controls development and integration.

There still many details to be worked cut and the committee has made a number of
recommendations. In particular, there are a number of details concerning the civil facilities
that must be checked to ensure that the facilities are optimized to meet the needs of the
cryogenic system.

Answers to Charge Questions

Are the interfaces between the cryoplants with their subsystems completed defined in term



Cryomodule technical cooperation

Cooperation with SHINE Cooperation with ITHEP

* SHINE is responsible for assemble and test one 1.3 GHz
cryomodule.

Jiyuan Zhai (IHEP), WEPWB062
* IHEP made a 1.3 GHz cryomodule with 8 mid-T (medium-temperature
furnace baking) 9-cell cavities for our project.

* Average usable gradient and Q, exceeds CW FEL projects and CEPC
specs, and demonstrates excellent performance of mid-T cavities in a
cryomodule for the first time.

* QOur group is responsible for developing key components.
SHINE provides relevant technical guidance and test conditions.
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T e [¥ Mid-TCM |S’FEL,DALS)|  Spec 5
o’ * o . é}woz Spec pec
3, 00E+10 ' A CAVOA
. 5 TELO [ v CAVOS Avg. usable CW E, . >

et aarsteesa, (MV/m) 2.7x10" @ 2.7E10 @ 3.0x10" @

S T e t 16 MV/m 208 MV/m | 21.8 MV/m
g | at : Avg. Q@ 16 & 21 MV/m |  3.6x101°

2. 00E110 Tl =5 (! AR
1. 50E+10 | ! v“'“"vvv
1. 00C+10

10 15 20
Eace (MV/m)

T
25

June.27, 2023, SRF2023

i

oy ety g 5 1 T

Institute of Advanced Science Facilities, Shenzhen




Project Schedule

June.27, 2023, SRF2023

Design Confirmed, 4-27# 1.3GHz

Production, Assembly & testing
.~ |
| | | | | |
| | | | | |
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Year 2023 2024 2025 2026 2027 2028 2029 2030
Quarter Q1| Q2| Q3|Q4|0Q1|Q2 Q3| 0Q4|0Q1 |Q2/Q3 | Q4| 0Q1|Q2|Q3|[Q4| Q1 |Q2/0Q3|Q4[Q1|0Q2|Q3|[0Q4|0Q1|Q2|/0Q3|04|0Q1/|Q2]|03]| Q4
X Tunnél Ready 01/01/2028
Project Mileston K| Starf 13/06/2023 X TFCP Ready 30/06/2026 SIFEL Figsrt Liight 30/06/2030| Y
CMs Ins Completed 31/12/2028 *
Prototype Engineering & design , Key
T
Prototype 1.3GHz &
|1 ]
Dressed Cavities Available & Assembly
| |
Design Revision
Cryomodule Production
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We are here, it is by standing on the shoulders of
yours!
Use existing designs and mature

technologies Extremely beneficial from
TTC and European XFEL, LCLS-Il and
SHINE projects

TESLA Technology Collaboration

Mission Statement

The mission of the TESLA Technology Collaboration (TTC) is to advance superconducting RF accelerator R
& D and related accelerator studies across the broad diversity of scientific applications, and to keep open
and provide a bridge for communication and sharing of ideas, developments, and testing across associated
projects.

To this end the Collaboration supports and encourages free and open exchange of scientific and technical
knowledge, expertise, engineering designs, and equipment.
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Soft X-ray light source as an important tool for material science

RS ESX G5
BHREFEE
S’FEL

Advanced FEL facility

HeEsE. BRikh. ERTFE
High brightness, ultra-short pulse

and full coherence
Femtosecond time resolution, high spatial

4 —— resolution and Fourier-transform limit
o ETMH ZEME .
bandwidth

Quantum materials Atmospheric chemistry
o f#ik SRR
Catalysis Interstellar chemistry
® FMKDF RFDF
Biomolecules Atomic and molecular physics

A transformative tool for basic science

VTN =F
BER. NE. R .
skl research and cutting-edge technology R&D
Energy, environment, health and
new material
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Prototype Accelerator Test Facility (PATF)

To verify the key technology of S’FEL project : including 3 x 1.3GHz CM +2 x 3.9GHz CM

90MeV, 10A, 4.5ps

250MeV, 100A, 0.4ps

\

DIAG1

)

y ‘2T .
g oo T oo LS| C— oume
) - - DIAG2
\G/HF S1 Buncher S2 |:| LO coLo |:| L1 BC1 I coL1 Dechirper |:|
un
. Injector L1 " BC1 COLl DCP DIAG .
Beam parameter Current Profile Emittance Profile
4000 100 el T 0T e
Parameter Design Operation Unit :ZZ o éo:w- \|
Value Range 3 . " Eox
= z g 0.30
energy 250 100-300 MeV B wo B oas] /
g 1500 E 0201
charge 100 10-300 pC & © ] /
bunch length (RMS) 0.4 0.1-5.0 ps ;00 ’ ra— 0 = - gowl — —
\ t (ps) ) ‘
current 100 10-300 A tpo) p e
emittance 0.5 03-1.0 mm-mrad Physical simulation results meet the design requirement.
rep. rate 1 0-1 MHz
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Cryogenic system infrastructure

Test
Facility
Cryoplant
(TFCP)

Prototype
Accelerator
Cryoplant
(PACP)

Accelerator
Cryoplant
(ACCP 1&2)

500W@2K

2 x (VTC) 3 x (CMTB)

2 x4 kW@2K

26 x 1.3GHz (CM) 2x 3.9GHz (CM)
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Cryogenic system capacity

4.5-8K 40-80K
System
TFCP 500 W 400 W 2500 W SRF FMO(.il.lle Test
acility

PACP 1000 W 500 W 4200 W Prottzltype Ac?e:lerator
est Facility
ACCP1 4000 W 1700 W 16000 W
SRF LINAC

ACCP2 4000 W 1700 W 16000 W
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FEISHTEEE Performance
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AR ZEAIEZERI;G Frontiers of laser technology
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SC 1.3 GHz cavity Requirements

| D [Name ___________ [Unis | Min____|Nominal _|Max |

Cavity type TESLA
Operating mode CW

W

Number of cavities per cryomodule # 8

Central frequency GHz 1.3

Operating temperature K 2

Shunt impedance R/Q 1036

Accelerating gradient MV/m 16

RF coupler power handling kW 3.8

External quality factory 4x10° 4.1x107 1.1x108
Unloaded quality factory 2.7x101°

Accelerating mode tuning range kHz -200 +200

» Adjustable FPC
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SC 3.9 GHz cavity Requirements

Cavity type TESLA
Operating mode CW
Number of cavities per cryomodule # 8
n Central frequency GHz 3.9
Operating temperature K 2
B shuntimpedance R/Q 760
- Accelerating gradient MV/m 14
“ RF coupler power handling kW 2
“ External quality factory 2.3x107
- Unloaded quality factory 2x10°
- Accelerating mode tuning range kHz 750

» Fixed FPC
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