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Outline

Introduction

Accelerator projects in 3 categories
- Colliders
- Synchrotron light sources & FELs
- Proton & Heavy ion facilities

SRF infrastructures
Summary



Major accelerator facilities in main land China

= <. & Beijing
4 \\ﬂ\ o ' 1\‘ N “ Beijing Electron Position Collider (BEPCII, BEPCII-U)
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Shanghai-area
Shanghai Synchrotron Radiation Facility (SSRF)
Shanghai soft X-ray Free-Electron Laser facility (SXFEL)

Hefei-area
Hefei Synchrotron Radiation Facility (HLS)

Guangdong
China Spallation Neutron Source (CSNS)

Others

Dalian Coherent Light Source (DCLS)

Lanzhou Heavy lon Research Facility (HIRFL)

China Accelerator Facility for super-heavy nEw Elements
(CAFe2)




New prOJects (since 2015)

Beijing

y © n operation CEPC STF + High Energy Photon Source (HEPS)
QV_ = - Shanghai-area
9_m Shanghai High Repetition Rate X-ray FEL and Extreme
© Approved Light Facility (SHINE)

Zhejiang Industrial Photon Source (ZIPS)
Suzhou Laboratory (SZL)

o
Changchun

| Hefel-area
~ HIRFL v Hefei Advanced Light Facility (HALF)
B CAr—*Ez' Guangdong

Lanznou

China initiative Accelerator Driven System (CiADS)
High Intensity heavy ion Accelerator Facility (HIAF)
China Spallation Neutron Source - || (CSNS-II)
A Shenzhen Superconducting Soft X-Ray FEL (S3FEL)
&{w ' ol .. Southern Advanced Photon Source (SAPS)
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Dalian Advanced Light Source (DALS)
Wuhan Advanced Light Source (WALS)



Regional GDP and national science centers

 Five Comprehensive
National Science Centers
- Beijing
- Shanghai
- Great Bay Area
- Hefel
- Xi'an

« New projects are perfectly
aligned with regional GPD
and the national science
centers

B 100 - 1,000
B : 000 - 5,000
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New projects (since 2015): non-exhaustive list

Facility E (GeV) Time Status Type |RFtech.| HOM damping
BEPCII-U |2.8 2024-2025 (Dark) | Operation Circular SRF Yes
Collider CEPC 180 2027~2037 Planning Circular SRF Yes
STCF 3.5 2028~2033 Planning Circular | NCRF Yes
HEPS 6 2019~2025 Under constr. | Circular SRF Yes
HALF 2.2 2023~2028 Under constr. | Circular SRF Yes
UTEF 0.5 2022~2026 Under constr. | Circular | NCRF Yes
ﬁggfgg%trrcog ZIPS 2.7 2026~2029 Planning Circular | NCRF Yes
SZL 2.4 2025~2029 Approved Circular | NCRF Yes
SAPS 3.5 TBD Planning Circular | NCRF Yes
WALS 1.5 2028~2032 Planning Circular | NCRF Yes
SHINE 8 2018~2027 Under constr. | Linear SRF Yes
FEL SSFEL 2.5 Approved in 2023 | Approved Linear SRF Yes
DALS 1 TBD Planning Linear SRF Yes
CSNS-II 0.3 (linac) |2024~2029 Under constr. L+R SRF No
Proton & CIADS 0.6 2021~2027 Under constr. | Linear SRF No
HeAWHON A 17.2MeVIU 1 5018~2025 Under constr. | L+R | SRF No

(linac)




Colliders




Beljing Electron Positron Collider Il
Beljing Synchrotron Radiation Faclility



BEPCII: overview

e+ e- collider, 15t collider and 18t synchrotron light source in China (Parasitic use, 15t gen)
Location: IHEP campus, Beljing city

Parameters: 2.8GeV (max), 900mA (max), 242m circumference

Operation time: 1991-2004, 2009-2024, 2025-now

Upgrade: 2004-2008 to BEPCII, 2024-2025 to BEPCII-U (kept only the parasitic exp.)
Beamlines: 8 beamlines (5 IDs), vacuum ultraviolet to hard X-ray

RF system: 4x500MHz single-cell KEKB-type, 3 SSAs + 1 klystron

Latest upgrade: increase luminosity by 3-fold & Increase beam energy to 2.8GeV

< 10°UUpgrade vS BEPCII .

)
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BEPCII-U: parameters

Key upgrade: Doubled beam power & optics & Higher-gradient magnets

Yy

BEPCII | BEPCII-U | BEPCII-U
@ 2.35GeV @ 2.35GeV @ 2.8GeV
L [10%em=2571) 3.5 11 3.7
By [cm] 1.5 1.35 3.0
Beam current [mA] 400 900 450
SR Power [kW] 110 250 250
€y lum 0.029 0.033 0.043
Emittance [nmrad] 147 152 200
Couping [%] 0.53 0.35 0.5
Bucket Height 0.0069 0.011 0.009
0,0 [CM] 1.54 1.07 1.4
g, [cm] 1.69 1.22 1.6
RF Woltage [MV] 1.6 3.3 3.3




RF sections at BEPCII-U

R20RF2 R1 ORE
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East side

Mz T

R10RF1 R10RF2

MHI East cavity § MHI West cavity Bll-U cavity Spare cavity

(2006-2017) (2006-2024) (Fab. 2024) (2017-2024)
(FPC exch. 2015) (FPC exch. 2018)




Cavity geometry mechanically improved by adding a pair of stiffeners
Synergy with BEPCII-U, same cavity & same module, different taper
aperture (63mm vs. 150mm)

Four cavities produced, BCP treated, all met VT specs., demonstrated
excellent performance: Vc > 4MV with mild or no field-emission (FE)
Three modules (1 Bll-U & 2 HEPS) assembled, excellent performance — =
achieved in VT preserved in HT, no FE onset, demonstrated cavity g W EEEEE T

treatment and module assembly procedures Static HL: 20~23W Q01.75MV: 2 5aQ

B i Dynamic HL: 11~13W, no FE onset
Parameter Value Unit e
Load Multiplier: 30.194 1010 1 | PP 1 1 1 1 1 L 10°
Unit: mm 3
Custs - . o
Frequency 499.8 . Performance maintained | ——
) 092 1 F ©  HEPS CM2 (VT)
Operating temp. 4.4 K B% ' %M—ﬁﬁiﬁ“%owﬁ Al
- | 832 Yﬁ T [ T L0 *%fmﬁmz::&o%mﬂ © HEPS CM2 (HT)
Design Vc 2.0 MV E——— ] R L E |
Ep/EaC C 2 08 _ XX i E g x HEPS CM2-Rad (VT)
. ° o | P ;E x g % BEPCII-U-Rad (VT)
—— T : o oo S
B p/EaC C 4_ 63 mT/(MV/m) ;;;I?s:gl?::g:‘la::on < Lo @ _+ BEPCIURad(HT) | [R I i
Load Multiplier: 36.847 ] 25 L [
Unit: mm x -
R/Q (=VZ/wU) 95 Q g | i i
= ot e SRy ey i g e T
Qext (HEPS) 8e4 BE [t pete AEAEP
B os \ i
Qext (BlI-U) 2e5 S o M M M
0 Min _m_ —m. 0.0 0.5 1.0 1.5 2.0 25 3.0 35 40 45

Voltage (MV)

[1] H. Zheng et al., IEEE TAS 31, 3500109 (2021) [2] H. Zheng et al., JINST 19, P10031 (2024). 13
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Module transportation under vacuum

« Multiple road tests with dummy loads conducted before cav. transp.

» Cross-city transportation (~80km, BEPCII-U) of the complete modules under
cavity vacuum, shock of sensitive components and vacuum level monitored,
vacuum integrity well preserved

....... LBP—— FPC window —— Speed —O— Vacuum

: 2.0 , _ 40 - 9E-7
Distance: 81.8 km {Local roads High-way | Arterial roads , Local P
. il |
Duration: 3h56m _ . : | roads  |7e7
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EH | I
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Circular Electron Positron Collider
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@ Circular Electron Positron Collider (CEPC)

g A

- 240~360 GeV electron-position (CEPC), 125 TeV proton-proton (SppC)

EEEEEEEEEEEEEEEE

CEPC-SPPC
Preliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group
March 2015

http://cepc.ihep.ac.cn/preCDR/
Pre-CDR final 20150317.pdf

Budget: ~5 billion USD

CEPC

Conceptual Design Report

Volume Il - Physics & Detector

The CEPC Study Group
October 2018

arXiv: 1809.00285

CEPC

Technical Design Report

Accelerator

The CEPC Study Group
December 2023

arXiv: 2312.14363

Goal: High precision Higgs, EW measurements, probes new physics
Footprint: 100 km circumference

Next-gen electron-position collider (later upgrade to proton-proton collider) in China
Design study launched in 2012, pre-CDR (2015), CDR (2018), TDR (2023), EDR (2027)

The CEPC aims to start operation in 2030’s, as a Higgs (Z/W) factory in China
Construction and operation in 2 stages

)
Wang's talk
on Monday
Operation mode ZH Z WW- tt
Vs [GeV] ~240 ~91 ~160 | ~360
Run Time [years] 10 2 1 5
L/IP[x10% cm2s'] | 5.0 115 16 0.5
30 7
MW [ L dt [ab, 2 IPs] 13 60 4.2 0.65
Event yields [2 IPs] | 2.6x10° | 2.5x10'2 | 1.3x10® | 4x10°
L/IP[x10%cm?s’ | 8.3 192 26.7 0.8
rﬁv [Ldtfab', 21Ps] | 216 | 100 6.9 1
Event yields [2 IPs] | 4.3x10° | 4.1x10"2 | 2.1x10® | 6x10°

CEPC physics white papers:

5: QCD, to be published

1: Higgs physics, Chinese Physics C Vol. 43, No. 4 (2019) 043002

https://arxiv.org/pdf/1810.09037
2: Flavor physics, https://arxiv.org/pdf/2412.19743 (2024)
3: Electroweak physics, to be published
4: New Physics Search at the CEPC: a General Perspective
https://doi.org/10.48550/arXiv.2505.24810 (2025)
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https://arxiv.org/abs/2312.14363
http://cepc.ihep.ac.cn/preCDR/Pre-CDR_final_20150317.pdf
https://arxiv.org/abs/1809.00285

@ CEPC Higgs factory & SppC layout in TDR/EDR:

CEPC as a Higgs Factory: H, W, Z, upgradable to ttbar, followed by a SppC (a Hadron collider) ~125TeV

30MW SR power per beam (upgradable to 50MW) , high energy gamma ray 100Kev~100MeV

CEPC has
two detectors

CEPC collider ring (100km) CEPC booster ring (100km)
CEPC TDR S+C-band 30GeV linac injector

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section SAS: Second accelerating section
EBTL: Electron bypass transport line TAS: Third accelerating section

EBTL DR: Damping ring

ESBS FAS PSPAS SAS TAS

L § t  t *t 1

S0MeV 1.1GeV aGeV 200MeV 1.1GeV 1.1GeV

235.5m

102.4m 1 B80.9m j1i1i.1m
|}

A 1601.3m
1800.0m

P
i
;
e

CEPC/SppC in the same tunnel
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The CEPC accelerator EDR Status-Jie

Gao CEPC IARC Meeting, Sept. 16, 2025, IHEP

Z\W, Higgs and ttbar energies
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CEPC plan and schedule

>
TDR (2023), EDR(2027), start of construction (~2027)

CEPC Project Timeline 2012-2015 2016-2020 2021-2025 2026-2030 2031-2035 2036-2040 2041-2045 2046-2050 2051-2055

Conceptual and Technical Design Reports
(CDR & TDR) coRffll Rl
Key technology R&D

Engineering Design Report (EDR) l
Mass production of devices through CIPC

Accelerator

Civil engineering, campus construction .

Construction and installation and upgrade of - I I
accelerator

Conceptual Design Report (CDR)

New detector system design and
Technical Design Report (TDR)

Detector

Construction, installation, upgrade and
commissioning

Experiments operation Higgs Zw tt

International cooperation
Physics, detector and collider design

Sign formal agreements
Detectors: establish two collaborations .
Accelerator: finalize contribution details

International
Cooperation

International experiment collaborations

CEPC plans to submit the
proposal to the central
government(NDRC) within
the “15t five year plan”
For this purpose, CAS
organized studies and
reviews

CEPC was ranked by CAS
as the No. 1 for HEP & NP,
and No.2 for Basic Science
in the first round;

2"d review by CAS took
place on September 8.
Result not released yet.

If selected by CAS CEPC
will submit proposal to
NDRC in October.

Review by NDRC is
expected to take place
after that.

18



CEPC site selection

 Site selection will compare geology,
electricity supply, transportation,
environment for foreigners, local support &
economy,...

* Final decision will depend on the
negotiation between the central and local
governments

* All sites have been investigated: good geology,
mostly granite
* Good living conditions, and local support

19



RF system of CEPC

H W Z
Collider Ring 650 MHz 2-cell cavity
Lumi. / IP (1034 cm2s1) 2.93 10.1 1362'.61/
RF voltage (GV) 2.17 0.47 0.1
Beam current (mA) 17.4x 2 87.7 460
SR power / beam (MW) 30 30 16.5
Cavity number 240 108 x 2 60 x 2

Q, at max gradient

4E10 @ 22 MV/m (VT)
1.5E10 @ 20 MV/m (OP)

2 K cavity wall loss (kW)

6.1

1.3

0.1

Booster Ring (extraction)

1.3 GHz 9-cell cavity

RF voltage (GV) 1.97 0.585 0.287
Beam current (mA) peak 0.52 2.63 6.91
Cavity number 96 64 32

Q, at max gradient

3E10 @ 24 MV/m (VT)
1E10 @ 20 MV/m (OP)

20
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Super Tau Charm Facility
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Super Tau Charm Facility (STCF)

A factory producing massive tau lepton and hadrons, to unravel the mystery Quarks
of how quarks form matter and the symmetries of fundamental interactions |

EE ;* Forces
L

s r?m'ﬁ “5*
WwiH9

| A KRR T Cglliér léing -
'Linear Accele_rator~ S 800-1000 m m

Leptons

New!generation!

—-Spectrometer;

« E_=2-7GeV, £L>0.5x10% cm2 s
» Potential for upgrade to increase luminosity and realize polarized beam
« Site: 1 km?, Hefei’s suburban "Future Big Science City"




STCF tentative schedule

14t five-years plan 15 five-years plan
ﬁﬁ

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-2043

Key Technology
R&D and TDR
HEEEEE

Submit project proposal to central government:

Operation

Science, budget, feasibility and contribution to society

* 14t five-years plan : Conceptual design and R&D of Key technology, 364 M CNY
* 15t five-years plan : Construction 6 years, 4.98 B CNY
* Operating for 10-15 years, upgrade for 3 years, operating again for ~10 years
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@ STCF site

Hefel Future Big Science City

Hefei Advanced light
Facility (HALF) l

Ongoing geological exploration and microseismic testing
at three candidate sites to support the final site selection

24



RF cavities of STCF
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Electric fields
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RF parameters

Working mode
Frequency [MHz]

R/Q[Q]
Unloaded quality factor

Ep/Eacc
By/Esec [MA/V]

Magnetic fields

=

T™MO020

499.7
77.3
65110

2,12
2.55

Beam Energy [GeV]
Circumference [m]
Rev. freq. [kHZ]

RF Frequency [MHZ]
Harmonic Number
Number of Bunches

Beam Current [A]

U0 [keV]
SR Power [kW]
RF Voltage [MV]

Sync. Phase [deq]

1.0

1.5

13.04e-4

105.9

159

1

174

1.5 2.0
865.398
346.42
499.7
1442
692
2 1.7

13.65e-4  13.86e-4
265.9 541
452 1082
2 3

172 170

Values

3.5

2
14.14e-4
1477
2954
6

166
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@ Approved

MONGOLIA

@
Lanzhou

Light sources in China
/—’\{“ =
\W: v 4« 1990-now, Beijing Synchrotron Radiation Facility (BSRF)
< .+ 1991-now, Hefei Light Source (HLS)
, W « 2009-now, Shanghai Synchrotron Radiation Facility (SSRF)
) | « 2022-now, Shanghai soft X-ray Free-Electron Laser facility (SXFEL)
Under construction
: - - 2018-2027, Shanghai High Repetition Rate X-ray FEL and Extreme
] " vepga Light Facility (SHINE)
« 2022-2026, Ultrafast Transient Experimental Facility (UTEF)
« 2023-2028, Hefei Advanced Light Facility (HALF)
Approved
« 2023, Shenzhen Superconducting Soft X-Ray FEL (S3FEL)
Planning
» Southern Advanced Photon Source (SAPS)
« Dalian Advanced Light Source (DALS)
 Wuhan Advanced Light Source (WALS, WFEL)

'\ -*- . Inoperation Blue: SRF, ltalic: FEL
« 2018-now, Dalian Coherent Light Source (DCLS)
« 2019-2025, High Energy Photon Source (HEPS)
» Suzhou Laboratory (SZL)
» Zhejiang Industrial Photon Source (ZIPS)

3 B 2 Ha N
4 “LaosH 3,

y Pyi W{ - = S
A J £\
\ \ l " il el N\
N ( Vientiane ‘3
BT R [

7 THAILAND et
' |

( 7 3
\\ )
\

Ktung Thep(Bangkoky pygopia |
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A bit of history: BSRF, 1990-now

Beijing Synchrotron Radiation Facility (BSRF, 15t gen)

Location: IHEP campus, Beijing city

1st synchrotron light source in China, start operation in 1990
Parasitic use of synchrotron on an electron-position collider (BEPC)
Latest upgrade in 2024 (BEPCII-U) eliminated dedicated sync. mode
Parameters: 2.3~2.8GeV, 900mA, 242m circumference

Beamlines: 8 BLs, vacuum ultraviolet to hard X-ray, 50eV~18keV
RF: two pairs of 500MHz KEKB-type SRF cavities

1t generation



A bit of history: HLS, 1991-now

Hefei Light Source (HLS, 2"d gen)

Location: USTC campus, Hefei, Anhui

1st dedicated synchrotron light source in China, start operation in 1991
Start operation in 1991, upgraded in 1999-2004, 2010-2014
Parameters: 800MeV, 500mA, 66m circumference

Beamlines: 10 BLs, infrared to soft X-ray, 6meV~1000eV

RF: One 204MHz NCRF cavity + One 816MHz NCRF cavity

29



A bit of history: SSRF, 2009-now

Shanghai Synchrotron Radiation Facility (SSRF, 39 gen)

i

Location: Zhangjiang district, Shanghali

First 3'9-gen synchrotron light source in China, start operation in 2009

Start operation in 2009, upgraded in 2016-2023

Parameters: 3.5GeV, 300mA, 432m circumference

Beamlines: 34 BLs, infrared to hard X-ray, gamma, 1meV~160keV

RF: Three 500MHz CESR-type SRF cavities + One 1500MHz 2-cell SRF cavity




High Energy Photon Source
(Beljing)
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High Energy Photon Source (HEPS)

« Adiffraction-limited SR light source (4" gen), 1st high-energy SR light source in China
« Location: Huairou Science City, Beijing, Construction time: 2019~2025

« Budget: 4.76B CNY (~$652M)(excl. labor costs)

« Parameters: 6GeV, 200mA, 35pm-rad, 1360.4m circumference, 7BA lattice
 Photon energy: 0.1~300keV, soft X-ray to hard X-ray

« Beamlines: 14 BLs in phase 1, 28 additional BLs planned for phase 2, max. capacity
90 BLs

N
w

[y
o

Storage Ring
C=1360.4 m

[uny

o
N
N

48 hybrid 7BAs
w/ ABs, and AB/BLG cell
€~ 34 pm @ 6 GeV

[any

o
N
[

Booster
C=454 m 0.5-6 GeV

FODO lattice

£€,~ 36 nm @ 6 GeV

On-axis swap-out injection +
high energy accumulation

N
o

[y
o
[N

LB

=
[{e]

- dump

[y
o

Brightness (ph/s/mmz/mradZ/O.l%BW)

=
o

[
00

10 10
Photon Energy (keV)

o
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HEPS project schedule

- 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

HEPS-TF Preparation
HEPS Preparation Construction (6.5 yrs.)

HEPS project milestones f
« 28.09.2016, Project settled in Huairou (Beijing) NOW
« 15.12.2017, Project proposal approved by NDRC (CDO equivalent)

« 28.12.2018, Feasibility study approved by NDRC (CD1 equivalent)

e 22.05.2019, Preliminary design and budget approved by NDRC (CD2 equivalent)

e 29.06.2019, Construction started in Huairou (CD3 equivalent)

« 31.12.2025, Construction completed, KPPs delivered, national acceptance (CD4 equivalent)

HEPS-TF (R&D project before HEPS)
 Schedule: 04.2016 - 10.2018, Budget: 321.6 M RMB (~48 M USD)

Conceptually imagined in 2008

NDRC: National Development and Reform Commission 33



HEPS construction & commissioning

« 2025.03 ~ 2025.05, joint commissioning of accelerator and BLs

« 2025.05 ~ 2025.08, installation of SRF cavities and IDs, re-alignment of BS and SR
« 2025.09, beam current ramped above 100mA, KPPs of accelerator delivered

« 2025.10, dellver KPPs of beamllnes

tﬂ'ﬂ] L¥ ﬁfl P-I
HEPS LINAC # t,.n_w‘u‘rx.!
500 MeV 4 ot BEARAGA KNS

Bunch Charge 2.61 nC BERItAR
v
Trans. Efficiency 24 %

May 12, 2022 Jan. 13, 2023 Feb. 1,2023 Mar. 14, 2023  Nov. 17, 2023 Aug. 18, 2024 Oct. 12, 2024

The Linac Vacuum-  The Booster Vacuum- The first girder The first electron Electron Beam Ramped  Electron bgams with  the SR X-ray emitted
sealing in the tunnel sealing in the tunnel was instailed in beam Up to 6 GeV currents higher than  from the R21 wiggler
completed completed . 10mA were successfully  was successfully
the storage ring stored. transmitted to the end
tunnel station.
June 29, 2019 July 1, 2020 Apr. 13, 2021 June 27, 2021 June 28, 2021 Nov. 3, 2023 g
Groundbreaking The first steel  Utility installation in  Roof-sealing work for HEPS Installs First Piece of ~Civil Construction for Sep. 29, 2025
ceremony beam was NO.2 Hall the main ring building  Accelerator Equipment in ancillary buildings Accelerator

instaIIed commenced completed Linac Tunnel. completed reached 100mA
— ) e A and <100pm-rad
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RF system of HEPS

* Double-frequency RF system: 166.6 MHz (fund) + 499.8 MHz (third harmonic)

» Active harmonic RF compatible with on-axis swap-out & on-axis accumulation injections
« SREF for storage ring, normal-conducting RF for booster ring

» Heavy damping of higher order modes for storage-ring SRF cavities

« Solid-state amplifiers for all RF transmitters, digital low-level RF control
 World’s first quarter-wave SRF cavity to accelerate ultra-relativistic electron beam
« Commissioning: five 166.6MHz SRF cavities successfully accelerated 100mA beam
* Bunch elongation of a factor of ~4 achieved by fund + active HHC (~80ps -> ~400ps)

. 'F w4 " g ——y
g W it — W
- - = = | ! =" s -
e —eeeeeee L,y P ——— ~ W s 2k =
s *

Zheng's talk

on Tuesday

Booster
(0.5-6 GeV)

(W) 166.6MHz SRF - N\ofy 006N
(==3) 499.8MHz SRF

I 499.8MHz NCRF
¥V Solid-state amplifier

Storage ring
(6 GeV)
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Hefel Advanced Light Facility
(Hefel, Anhui)
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Hefel Advanced Light Facility (HALF)

A low-energy 4-gen storage ring light source

Location: Hefel, Anhui, Construction time: 2023-2028

Budget: 3.7B CNY (=$520M)

Parameters: 2.2GeV, 350mA, 85pm-rad, 480m circumference
full energy linac, 6BA lattice

Beamlines: 10 beamlines in Phase |, max. capacity 35 BLs

Photon energy: 5eV~10keV, VUV to soft X-ray

HALF storage-ring parameters

i -~ Parameters Symbol Value
/ ¥ Perimeter / Beam energy E, [GeV] 2.2
‘:_//f § ' ":“ Average current I, [mA] 350
‘ﬁ - oz Harmonic number h 800
o . Circumference C[m] ~480
\ ) Energy spread oy 0.00062
N N > _ 7 Nature emittance Ee 85 pm-rad
: eSS -.'. ;' : x A Full Energy Linac 2.2 GeV Momentum compaction a 0.00009
Beam Transmission Line |
1384 m \ Energy loss per turn (Phase ) 51 [MeV] ~0.4
Energy loss per turn (Phase Il) 52 [MeV] ~0.6
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RF system of HALF

* Double-frequency RF system: 500 MHz (fund) + 1500 MHz (third harmonic)
 One 500MHz KEKB-type single cell SRF + One 1500MHz single-cell SRF

« SRF for storage ring, normal-conducting RF for vacuum scrubbing
« Solid-state amplifiers, digital low-level RF control

1.5GHz

202202226-500-S2-4K-VT @ [z
| Main Parametres :
Qo| 1.86E+9 | Pin | 29.19 W
! Hp | 36.853 |mT Pr | 3.018 w
i Eacc | 8.376 |Mv/m Pc | 24.32 |w
Ve 201017 Mv Pcou 1856 mW-.
Freq [498. 633582|MHz Pbm 7.31979E-:mW -
av_va| 0.00E+0 Pa VSWR| 1.948 |

14138° .08054: 0.09577¢)f vo1 ®




Ultrafast Transient Experimental Facility
(Chongging)
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Ultrafast Transient Experimental Facility (UTEF) (&

Low-energy high-flux synchrotron light source + electron microscope cluster
Location: Chongqing, Construction time: 2022-2026, Budget: 847M CNY (~$119M)
Construction in two phases: 500MeV LS (phase 1), 3GeV LS (phase 2)

Parameters: 0.5GeV, 500mA, 6nm-rad, 76.78m circumference, 4BA lattice
Accelerator complex: 500MeV linac + 500MeV storage ring

Photon energy: 7~100eV, VUV to UV

Beamlines: 1BL in phase 1, ARPES, 10~40eV, 0.4meV resolution

Phase 11

3GeV: Light Source Elegtron
' R mlcmscopé"

. clustu :

Phase 1
SOOMCV

/nght Source ”
oA /

YTV Ts

va'g

a S ¥ =
A




RF system of UTEF LS

* Double-frequency RF system: 500 MHz (fund) + 1500 MHz (third harmonic, active)
« TMO20 normal-conducting cavities for both 500MHz and 1500MHz cavities

« 1500MHz cavity produced, cold tested, to be high-power tested

 500MHz cavity designed, currently in production

Freg (MHz) _[RQ@) Q0 ______Ra(MO)

499.543 123.0 5.3e4 6.52
1499.504 55.5 3.6e4 1.98

> > = => =
*****

W |
=T

1500MHz cavity
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@ Wuhan Advanced Light Source (WALS)

 Wuhan University has planned three facilities on campus: WALS / WAPS / WFEL #ik 4
« First stage: 1.5GeV LS, 8-10 BLs (max 20), 7BA lattice, IR, VUV, EUV, Soft X-ray to Hard X-ray

» Accelerator physics design of the WALS completed in 2023

« Planned construction time of WALS: 2028-2032, Budget: 1.12B CNY (~$160M)

I: 1.5 GeV SR

III: Free Electron Laser

C:~900 m

C:180 m Emittance < 25pm-rad ~2035
Emittance < 230pm-rad ~2032
~2028
(Present) (Future plan)

107 F
) — IVU2s
=~ otk L uss

£ =
A == EPU45
LINAC -%—}---"--"-"-----7/- ------------ \Q‘ € 10® — EPU50
= —— EPUS6
SSAO-1|  SSAO-2] |SSA0-3 SSAZ-12 g =
. * 1.5GeV, 180m circumference Eo0"
Ko-1 ko2  |ko3 K2-12 * Eight 7BA standard cells E 07
mo-1—§ mo-2 Mo-3 - - X M2-1 M2-12 * Emittance : ~230 pm-rad _:: i
‘ SLED2-12 * Beam current: 500 mA S 00r
6dB 3dB 2 15 [
- = 10 —— Super Bend
m Beam dump ‘ 3 = ; —— Normal Bend
- |'|7'| ....... L \\ @ 10
1 5G eV Gun  AD-1A0-2  LH  TDS1 ALl Al2 Al3 Al4 AX BC1 TDS2 A2-1 A2-2  A2-23 A2-24 13
. [ 10 AR O | R | PR O |
1.5 GeVring 0 ' 10' 10° 10’ 10*

Photon Energy (eV)
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Southern Advanced Photon Source (SAPS)

A medium energy 4th-gen light source proposed by IHEP in CSNS campus
Parameters: 3.5GeV, <60pm-rad, 810m circ., 7BA lattice, full-energy linac ehadi
Beamlines: 10 BLs in phase 1, max. capacity 60 BLs

The physical design has been completed, triple RF system (166 fund.)

Parameters Values Values Values

Frequency (MHz) 166.6 333.3 499.8
Voltage (MV) 1.63 0.945 0.33

Phase (°) 169.33 64.21 -48.81

Beam power (kW) 150.9 425.5 -125.9




@ Other synchrotron light source proposals

Two new light sources proposed to complement the existing facilities in the Shanghai area

B\ LR D h + Zhejiang Industrial Photon Source (ZIPS)
.‘ Bl ‘ R - Demand from the industries, designed by USTC
= HSL - N\ gtangaroit™ . = - Planned construction time: 2026-2029
iR _(Naningf %’g &3 Rnong_ - Parameters: 2.7GeV, 0.64 nm-rad, 270m circ., 5BA
{ Bton | AP M - Accelerator: 150MeV linac + 2.7GeV BST (244m) +

B 2.7GeV SR, BST and SR in the same tunnel

O ' Shanghal ] ]
I‘ e - Beamlines: 6 BLs in phase 1, 80eV~60keV

"
\‘\ ‘,' ‘~_k_::\‘, 4 g -
-m @Tignglﬂi‘nrgr _\_Xuanchd &

B hou™ : '\;"' ==

2 g /& a@;@; " SSRE * Suzhou Laboratory (SZL) - LS
23 L e swmesnen - Approved and hosted by the Suzhou National Lab
YT {poge )] bl - Planned construction time: 2025-2029
' eyt - N, T e A - Parameters: 2.4GeV, 0.8nm-rad, 288m circ., 6BA

A= &\ N\ 7 - Accelerator: linac + BST + SR, BST and SR in the
@\ Shaggrao'/ ZIPS | B same tunnel
v i N T SR - Beamlines: 10 BLs in phase 1
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Major FEL facilities in China

Blue: SRF, Black: NCRF

In operation
« 2018-now, Dalian Coherent Light Source (DCLS)

« 2022-now, Shanghai soft X-ray Free-Electron Laser facility
(SXFEL)

Under construction

« 2018-2027, Shanghai High Repetition Rate X-ray FEL and
Extreme Light Facility (SHINE)

Approved
« 2023, Shenzhen Superconducting Soft X-Ray FEL (SSFEL)

Planning
 TBD, Dalian Advanced Light Source (DALS)
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_______________________________________________________________________

Linac: S-band injector + C-band main accelerator !
+ X linearizer + two bunch compressors i

SWltch
SASE
E : ii mﬁFEL@mﬂni
i Drive laser Linac i ii R i
T R ! S0 NN RN FEL@3nmE
« Two phase SXFEL i l_\" i
- SXFEL-TF: 0.84GeV, 2014-2020

- SXFEL-UF (+SBP): upgrade to 1.5GeV in 2022, user operation since 2023

Parameter Value

Total length 532 m
Electron energy 0.6 - 1.5 GeV
Photon energy 90 - 620 eV
Pulse length ~100 fs
Repetition rate 10 - 50 Hz
Peak photon power 1 GW
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Dalian Coherent Light Source (DCLS)

LIGHT SOURCES

.

i | B el B AN Unique free electron laser

‘a7 - a1
"

Vi = iy

-1/

laboratory opens in China

New device will probe smog and other gaseous phenomena

By Dennis Normile

hina is joining the elite club of

countries that have built the potent

sources of high-energy photons called

free electron lasers (FELs) for their

researchers. The Dalian Coherent

Light Source, whose completion was
announced this week in Beijing, has a twist
that makes it unique: It is the only large la-
ser light source in the world dedicated to
the particular range of short-wavdength
light called vacuum ultraviolet, which
makes it “a new tool for the detection and
analysis of molecules undergoing chemi-
cal reactions” says Alec Wodtke, a physi-
cal chemist at the Max Planck Institute for
Biophysical Chemistry and the University of
Gottingen in Germany.

ing in Europe, Japan, and the United States
produce “hard” xray laser beams, with
wavelengths down to 0.1 nanometers, ideal
for studying crystallized proteins and other
solids. But the beams are so powerful “they
break up molecules™ in gases, says Yang
Xueming, a physical chemist at the Chinese
Academy of Sciencess (CAS's) Dalian Insti-
tute of Chemical Physics, which hosts the
new machine. A laser in the vacuum ultra-
violet range—the Dalian facllity will cover
50-150 nanometers—"has a soft touch” he
says, making it “the best way to detect mol-
ecules and atoms in a gas”

Yang expects researchers to use the FEL
pulses to probe what happens during fud
combustion and catalysis, and study pro-
teins and how reactions proceed at solid-gas
interfaces. Some experiments could have

* Warm accelerator:0.3 GeV

Tunable Wavelength: 50-150 nm
Pulse Energy: > 100 wJ

Pulse length: 100 fs

Repetition Rate: 50 Hz
Operationsince Aug. 2018
More than 6000 hours per year




Shanghal Hard X-ray FEL Facility (SHINE)

« CW SCREF linac based high rep-rate XFEL facility, the largest acc. project in China

« Parameters: 8GeV CW beam, 3.1km, 0.2~3keV (FEL Il), 3~15keV (FEL I)

« Construction time: 2018~2027, Budget: ~10B CNY (~$1.5B)

 Updated project scope in 2025: add bypass for low-energy FEL beamline (3~4.5GeV),
FEL III put on hold reduced number of caV|t|es W/ raised Eacc and QO

Y

- .h—/ “’
/,* Ultra Short Ultra Intenselaser " p '5@"”1 t

3 8 , »,, ) N D
VT g \§ uw o B
W/ /B Shanghal Synchrotron 1 o, < o B '\. TR 1
@ - ; Radiation Facﬂlty ."‘ 3 R 5 15 i 1 5 ‘)a
~—# -, b P X T
n-n/&” K ﬁ r Yot by V- =i f\ R e

Shaft #3 Shaft #4

Shaft#1 Shaft #2 Shaft #3 Shaft #4 Shaft #5
[ —— SSS ﬁMo
270 MeV 2.1 GeV 5.0 GeV 8.0 GeV FEL-II, 0.4-3 keV HtFl|ses cDs
H -, N, S =  FELAL 315keV - sl =
Gun L1 BC1 L2 BC2 L3 BC3 L4 ~
""""""""""""""""" | | | | |

0 200m 700m 1200m 1500m 2000m 2300m 3100m 48



Shanghai Hard X-ray FEL Facility (SHINE)

UEdated Eroiect scope

FEL-2 0.2-3.0 keV

1CM+1CM 2 CM+2HCM 18CM 10CM 24 CM

RECE

FANEE LL BC1 L2 BC2

Original: Q0 =2 2.7e10 @ 16MV/m, usable Eacc =2 16MV/m

=------h
0 P | e
B =xiE 3.0-15.0 keV

LIL I I I L LT
N
FEL-1

~300 cavities completed

Injector

New spec Q0 = 3.0el10 @ 20MV/m, usable Eacc =2 20MV/m, CM voltage 166MV

Cryomodules in L1 section

i
T

3 9GHz cryomodules
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SRF FELSs

Facility | Wavelength | Country LINAC Energj(eaaer\n/ Enerzl;c/)lig\r} RatFeQ/el—IIDz. Status
Eu. XFEL | Hard X-ray EU SRF 17.5 8.4-30 27,000 Operation
LCLS-II Hard X-ray US CW SRF 4 (8, HE) 0.2-5| 1,000,000 Operation
SHINE Hard X-ray CN CW SRF 8 0.4-25| 1,000,000 Under constr.
FLASH Soft X-ray DE SRF 1.35 0.014-0.3 5,000 Operation
SSFEL Soft X-ray CN CW SRF 2.5 0.04-1| 1,000,000 Approved
DALS EUV SX CN CW SRF 1.0 0.008-0.6| 1,000,000 Proposed
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@ Shenzhen Superconducting Soft X-Ray FEL (S°FEL)
IASF

MHz Repetition rate Soft X-ray FEL R ]
P Y - om /e Ty End Station
* 2.5 GeV CW SRF accelerator ~ / / A _
IIIIID HIIIIN ITITNa I
* Charge/pC: 100 - i —
_ | - - | FEL-3: EE_HG[?..3-15nm)m
B oriver/seed Laser [ Heater Laser :: Betatron Collimator } Energy Collimator ::: Emittance [ Dump Y : 4~ - EII:E“ = | End Station |
To Injectors R FEL2: SASE(13.Snm) oy
T SRF LINAC
- (41t [ 1 /
T T N e Beam lines .
= mv,lnl.m WD :miuv.‘mo.m :aL-]v.Lmam 25GeV, B0, 300 - r’.‘/ -
Injector LW COLO Li+HL BC1 COLL L2 Backip BCZ EMIT 13 Backup DCP \ T\ o suveeeg 000 secsears ooom o FEL-1: SASE(1-3nm) powrrerey
| p— o FEL-4: E_EHG[S-SﬁnmI m
. : / E- N EE N EIIIII:II%: & Emi Station
* Emittance/mm-mrad: 0.5 o =
41 O OO B End Station
g ® I 11 ] 1 n o
* Repetitionrate/MHz: 1 2 a LR
O IZI
om on| @ omm RS End Station
* FEL wavelength/nm: 1-30 o — — =l EXETY
-— LINAC: 740 m e Spreader: 400 M ee——— ndulator: 270 m ——p— B, & ES: 340 m s—)
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() Cryomodule requirements for S3FEL IAS!
219 1.3GHz 9-cell cavities and 40 3.9GHz 9-cell cavities in total.
No. Naming S®FEL SMTF
1 SFEL
2 SRF Cryomodule Test Facility (SMTF )
3 Prototype Accelerator Test Facility (PATF) |l o e e e T e
a4 Cryo-hall A (TFCP & PACP WCS)
5 Cryo-hall B(ACCP WCS)
6 (ACCP Cold Boxes and Vavle Boxes) S®FEL PATF

|""Ta1u#d 2]&&

600MeV Iayout

e v — - i
Drive ltait;‘ - TI";;LN" 2.0GeV layout S®FEL
m A W - NI Vo2 R T —
’L - BC1 L2 BK1 BC2 L3  BK2 DCP
INJ2
SMTF PATF S°FEL Total
1.3 GHz 8x9cell CM 1 5 21 27
3.9 GHz 8x9cell CM 1 2 2 5
1.3GHz 1x9cell CM / 1 2 3
Subtotal 2 8 25 35
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© Dalian Advanced Light Source (DALS)

http://www.dcls.dicp.ac.cn/ https://cryo.dicp.ac.cn/

Located at Dalian, Northeast of China

- Driver/5eed Laser - Heater Lase :: Betatron Collimatar : Enargy Collimator [] Dump . » Reserve d
@— JL CM02,03 Neamases | : CMO&-06 : CMO7-10 Hhaey =
llllllllll Dlagnas 'H( Lne Z'HEI'I' BOA, 0.5p: Mwlm 1GeV, GO0, S0f
Injectur 11 HL BC1 I.Z BC2 L3 Dechirper

EUV Free Electron laser machine
Plan Phase | Phase Il
FEL-1: 6.5-40 nm FEL-3: 6.5-40 nm

Wavelength 0\ 5.30-180nm  FEL-4: 30-180 nm
HGHG/EEHG/SASE HGHG/EEHG/SASE
Mode . :
/self-seeding /self-seeding
Peak power >1.0 GW >1.0 GW
Pulse length ~50 fs <10fs
Repetition Rate 1 MHz 1 MHz

FEL-2: HGHG/SASE /55
/
(30-180nm) -
/o T o [ OOn  SS  OOn ______-———-—"
/ H N Emm L Eom S amm B End Station |
/ | [47mm K=z 797, 53) aTmmk=2.9-753 [ ]
/ FEL-1: EEHG/SASE/55
/ o]  momn s omm bl B End tation
/ H] | (411 ) @ I
/ H] RS ] Ein] Fannin] BN -, o I
/ | [34mm,K=0.96-4 00)  [34mmK=0. 962,00 ]
."'ll
—] —
2 ®
H M| [N S CIIIL
H J 1N 1"/ A 1/ AIIILE )
o
D |3U-1alnm)
- | E ) EIIITIY s EXNNND - -
[ J 1/ A ] ANIINE
i
[

Proposed by Dalian Institute of Chemical Physics (DICP)

1.0 GeV CW SRF accelerator
Ten 1.3 GHz Cryomodules & two 3.9 GHz Cryomodules
~100 SRF Cavities

One dedicated cryoplant (~*3 kW @ 2 K)
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Proton & Heavy-ion
Facilities



Proton & heavy-ion facilities

Blue: SRF, Black: NCRF

[Onoperation
|9 Underconstuction |

d @ Approved

~ & In operation
1988-now, Lanzhou Heavy lon Research Facility (HIRFL)
2018-now, China Spallation Neutron Source (CSNS)

2021-now, China Accelerator Facility for super-heavy nEw
Elements (CAFe2)

MONGOLIA

Under construction

2018-2025, High Intensity heavy ion Accelerator Facility (HIAF)
2021-2027, China initiative Accelerator Driven System (CIADS)
2024-2029, China Spallation Neutron Source - Il (CSNS-II)

Lanzhou

@
VVVVVVVV

T e Approved
NSl @@0) 2025-2029, Suzhou Laboratory (SZL)

L
aaaaa

Bangkol

y

“camsonia |



China Spallation Neutron Source (CSNS)

First spallation neutron source in China e o

Design, construct and operation by IHEP SRbi=vt e

Location: Dongguan, Guangdong

Operation: 2018-now

Parameters: 100kW, 25Hz, 1.6GeV et /

- Linac: 80MeV, DTL, 324MHz 3 beam lines/20
- RCS: 1.6GeV, 228m
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CSNS-II

Y

« Upgrade of CSNS to higher beam power and build more spectrometers
« Parameters: beam power to 500kW, linac energy to 300MeV
« Construction time: 2024~2029, Budget: 3B CNY (~$420M)

EREELMHESDTL

80MeV, 312.5uA. 324MHz %ﬁfé’%b&;i /O
————

-------------------------------------- EAEHHIEL
®§%? e : R

1,,”{1% ", ~SC Linac energy R o

A Faradpllraas
300MeV e

Beam power 3"
500kW |

PROGER ] 2 i 2 é
1.6GeV. 25Hz &

312.54A

,,,,,

.......

spectrometers

_________________

50keV 3MeV 80MeV 165MeV 300MeV
=0.62~ ~ _
it " " Bz amire ==~
10cryomodules 8cryomodules =
2 DSR/cryomodule  3cav/cryomodule
1 ;‘ === F===J
I I | I
I
I
| I | I
! f a0t ViSiss=
G s i o Lo . e i i g e s

_

Beam power (kW)

Pulse repetition rate (Hz) 25
No. of target stationl 1
Average beam current (MA) 62.5
Beam energy (GeV) 1.6
Inj. energy to RCS (MeV) 80
No. of neutron instruments 3

25

1
312
1.6
300
9+11
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CAFe and CAFe2 it

2017~2021, ADS demo linac, 20MeV, 10mA, 200kW proton beam
2022~now, high-intensity heavy ion linac dedicated to super heavy element

A=y

: :_.1.'_

. o
------------------------------------------------------------------------------------------------------------------------------------------------------------------

SHANS- 2

.
--------------------

;7- € lon species: M/Q<3
4 Beam Energy: 4-8 MeV/u

- @ User facility for:
Super Heavy Element synthesis
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VChina Initiative Accelerator Driven System (CIADS)

« Construction time: 2021~2027

* Location: Huizhou, Guangdong

! !1
t 2

HWRO010x1 6.038m

Fr s iR . o section = S F A
162.5MHz 9 cav m(ez;g‘;solenolds S“perconduﬂmg -
5.038m - g
ev P

d-2-1M o =~ —— T T~ .=
EEmRNEn anmE’ Y | e —— B == =
i 1. | = —— i
.

D4
- Budget: 4B CNY (~$560M) QL%?

, Ellip082x11

: M 28 cavities
m Ellip062x10 5.820m
y 8 HWR040x10 3 cavities . .
m 6 cavities+2 solenoids 4.480m Se”es CaVIty prOd .
HWRO019x4 6.038m
6 cavities+6solenoids o to be Iau nChed
5 mA . Al

« Parameters: 600MeV (up to 2GeV), 5mA (up to 10mA), <10MW
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yHigh Intensity heavy ion Accelerator Facility (HIAF)

« Mainly designed to provide high energy (~800MeV/u) and high intensity heavy ion beams
« Construction time: 2018~2025, Location: Huizhou, Guangdong, Budget: 3B CNY (~$420M)

« 6 experiment terminals: nuclear physics, atomic physics and application studies

Accelerator components and experiment terminals -
O Radioactive beams F'ﬁ,,.ﬁ

High energy experiment AT
4 % physics statio _—
station HFRS: Radioactive beam line kg Yoo TR :
* Hyper nuclear physics 9 o 3 )*5_._ .«?:’ o VR
* Phase diagram of 4 % o 3\ S P R Sy
Py ) — p AN TERE U

strongly interacting
matter -

e e-ion recombinati i ; ‘\‘1
spectroscopy ”2“
Spectrometer ring
Circumference: 273m
Rigidity: 13-15Tm___-
,«4‘/:-1‘  u ’ :
h? LT St |
o
- SECR:

Fast cycle ring
" Circumference: 590 m
Rigidity: 34 Tm

i Superconducting
iLinac: ECR source
Superconducting linac

@ Low energy nuclear structure
and irradiation terminal

SRF linac ~100 cavities
3y AR RT T e

11 x HWRO015
Energy goal: 17.2MeV/u for U35+ 6 x QWR007
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@ Suzhou Laboratory

Neutron Source lon Source

2025~2029 . « Carbon energy = 500 MeV/u, current = 2e9 ppp
« Two terminals: single event effect, irradiation

ECR + RFQ + DTL + PIMS

Parameter Value

Peak current 50 mA

Accelerator energy 150 MeV

Duty cycle 2%
Rep. rate 50 Hz |
Avg. beam power 150 kW | =

Reserved proton injection

Terminal

e
L

Beam Proton



New projects: SRF and NCRF
REPTEI S--

» BEPCII/BSRF UTEF LS
HEPS ZIPS
HALF SZL
SHINE SAPS
SSFEL WALS
DALS DCLS
CSNS-II STCF
HIAF
CIADS
CEPC Bold: under construction

SRF requires substantial
Infrastructures and

shared expertise.




PAPS (Beijing)

SRF haII

ki) nan e 385

_‘lﬁln——" o s i

« Construction: 2017 - 2020 (500M CNY)
« QOperation: 2021 - now
« SRF infrastructure
- 4000m? hall, 500m? clean room (ISO4-7)
- HPR, FPC baking oven, Nb3Sn oven, Nb/Cu, etc.
- 2.5kW @ 4.5K or 300W @ 2K cryogenic system
- 3 VT Dewar, 2 HT bunkers, 1 single-cavity cryostat
« Test capabilities
- 200-400 cavities (couplers)/year, 20 CMs/year

Cryogenlcs haII Vertlcal test stand

63



PAPS (Be

ijing

)

166MHz caV|ty and cryomodule

s
3 mr-pn" g

‘llu.ih o

500|\/|HZ caV|ty and cryomodule
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SAPS-TP (Guangdong)

Southern Advanced Photon Source — Test Platform

§ + Construction: 2019 - 2022 (600M CNY)

« QOperation: 2022 - now

= « SRF infrastructure

- 4520m? hall, 315m? clean room (ISO4/6)

- 850W @ 4.5K or 100W @ 2K cryogenic system
-2 VT Dewar, 1 HT bunkers, 1 single-cavity cryostat
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Cavity Surface-Treatment Platform (Wuxi)

Cavity surface-treatment platform (co-built ): SHINE facilities at Wuxi Creative SH I I\!E
Goal: R&D and mass production for cavity surface-treatment

Design: All the procedures after cavity fabrication and before VT, capacity: >200 cavities per year

Status: Operation since 2021, surface-treatment for SHINE all domestic cavities, >180 cavities treated
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B 5 qu ' l
% ‘ ‘(<< Workshop 2 S H I h' E '
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CM Assembly and Test Platforms (Shanghai)

Two 3000 m? for CM Assembly and Test Halls (ATH1 & ATH?2)
2 CM clean-assembly lines, 4 VT stands and 4 HT stands

Commissioning and operation since 2021

More than 20 CMs assembled and tested, reached high performance

Layout of ATH1

S

HINE

ATH1

E

RN T

VT stands

e Clean room for caV|ty and CM assem
%_ﬂ_@:& - ¥ Il ; 2 .
L E e R —
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Je=gT]
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C%\ bly WS2-WSs4

i prssuginsing | 1 / = =Rl % High-volume usage in SHINE
» * LT e S CM mass production and testing




- . 7
Balyin Post-processing Base (Lanzhou) >

Ultrasonic Cleaning — BCP/EP -—p  Vacuum Annealing

......

* Location: Balyin city, Gansu Province

« Capabillity: Post-processing of QWR, HWR, Spoke,
Elliptical cavities from 81.25 MHz to 3.9 GHz

« Serves both engineering and research projects

HPR in ISO-5
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Lanzhou New Area Clean Assembly Facility

Location: Lanzhou, 1SO-4 clean environment, ~250m?
Three clean-compatible robots, 360 kg load

Capable of assembling cavity string of 12 meters, covering all mainstream
accelerator types

Mainly serves IP-SAFE project (isotope production)

e e s " i /
D i

P
(/7
A
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« Total area 445m?, with 176m? ISO-4 clean area
« 4 clean-compatible robots, 360 kg load

« Capable of assembling cavity string of 6 meters
« Mainly serves research projects

« 1kW@4K LHe system

e 2 VT dewars, 1 HT bunker




Huizhou CIADS Clean Assembly Facility

Total area 950m?, with 350m? 1SO-4 clean area

9 clean-compatible robots, 360 and 500 kg load
Capable of assembling cavity string of 12 meters
Mainly serves HIAF and CIADS projects

4.5kW@4K LHe system

4 HT dewars (single cell), 2 HT bunker (under constr.)

:
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DALS SMTF (Dalian)

« Construction: 2019 - 2024, operation since 2024
« SRF Module Test Facility (SMTF)

- 3150m? hall, 300m? clean room (ISO4)
- HPR, FPC cond., assembly, VT, HT

- 370W @ 2K cryo. system, 1 VT Dewar, 1 HT Bench
« Test capabilities: 1CM/month

Clean Room Cavity String Cavity SAT & Vertical Test -
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CM Assembly

Control room CM Horizontal
and Alignment ontrotroo

Test Bench (HTB) Cold Box & VBe
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DALS SMTF (Dalian)
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SMTF at IASF (Shenzhen)

I ,\Q: R &K TR RS
y [ ] Institute of Advanced Science Facilities,Shenzhen,China

SRF Module Test Facility (SMTF)

Very much like AMTF for European XFEL
R & D of SRF accelerator key components and CM mass production

* One Magnet Test Bench
* SRF cavity test facility

Nb material and surface inspection
Mechanical Grinding & baking oven
Two Vertical Test Cryostats (VTCs)

A NENENENEN

FPC conditioning bench

* Three CMTBs

* Clean room for cavity string assembly

* CM assembly infrastructure

* Two prototype CMs

Cryoplant

Total area of SMTF Hall: About 15,000 m?
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Quenching diagnosis and performance recovery
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Summary

| ncHe—
| © Under construction
© Planning, R&D |
@ Approved LR
® SRF infrastructure |

e
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~1000 SRF cavities approved in 2015-2026
~700 SRF cavities in the next decade (proposed)

« Large accelerator facilities have seen
rapid development in the last decade in
China, including light sources, FELSs,
proton & heavy ion facilities

« Large collider projects after BEPCII are
under discussion

 SRF technology adopted by most projects
under construction, while new proposals
mixed with NCRF and SRF

 SRF infrastructures at various facilities
have been built and in operation

—m
Collider

Sync. LS 3 3 4
FEL 2 1 2

Proton &
Heavy ion
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