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Timelines in Showmass Energy Frontier Summary .
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CEPC
30MW SR power per beam (upgradable to 50MW) , high energy gamma ray 100Kev~100MeV

—

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

Linac Booster Collider
Parameter | Symbol Unit Baseline Oﬁtt . 'Ho s f\fN Z Higgs Z W te
Dtraxis .O.ﬁ axis | n axis .o. axis Off axis injection Number of I1Ps 2
|nject|on m]ectlon In]ECtlon lnjectlon
Energy E./E,. GeV 30 Circumfer. km 100 Circumference (km) 100.0
Injection GeV 30 SR power per beam (MW) 30
Repetition f Hz 100 T 45.5 E GeV 120 45,5 80 180
rate rep E:;:S;“O“ Gev | 180 120 80 ' nergy (Gev) ;
Bunch 268 11934 1297 35
BE“Ch Lors Bunch number 35 | 268 |261+7| 1297 | 3978 | 5967 unch number
numboer per or i Emittance /g, (nm/pm 0.64/1.3 | 0.27/1.4 | 08717 | 1.4/47
pulse Maximum nc | 090 | 07 |203| 073 | o8 0.81 /& (nm/pm)
bunch charge Beam size at IP o, /a, (um/nm) 14/36 6/35 13/42 39/113
Bunch nC 15 (3) Beam current | mA 0.11 094 | 098 | 2.85 9.5 14.4 = unch lenath (natural/total
charge ' SR power MW | 093 | 094 | 166 | 094 | 0323 | 049 (rﬁ:; ength (natural/total) 2341 | 2587 | 2549 | 22129
Energy Emittance nm 2.83 1.26 0.56 0.19
spread og 1.5X1073 RF frequency | GHz 1.3 Beam-beam parameters & /&, 0.015/0.11 |0.004/0.12710.012/0.113] 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 RF frequency (MHz) 650
Emittance P nm 6.5 Full injection . T ) il
' from empty h 0.1 0.14 (016 | 0.27 18 0.8 Luminosity per IP (103 cm2s%)| 5.0 115 16 0.5
Transport lines ® @
5 @) :
@ ® N y _ CEPC Technical Design Report (TDR) includes:
Linac Booster \® Collider © 1) CEPC Accelerator TDR
_10\7 30~180GeV 180GeV >tump | | 2) CEPC Detector TDRrd (rd=reference design)
DR 1.1GeV / > will be released by June 2025
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CEPC Key Technology R&D Status in TDR :

Specification Met J otosyp ’

Manufactured </ Magnets 27.3%

2 »ag‘ ﬁn - S ¥ - J Vacuum 18.3%

¥ = f -\w:";‘ 't_ ' J RF power source 9.1%
- Mr h AT L

I MM...M S gl ah ,/ Mechanics 7.6%

s/ Magnet power supplies 7.0%

«/ SCRF 7.1%

J Cryogenics 6.5%

J Linac and sources 5.5%

,/ Instrumentation 5.3%

fControl 2.4%

L,f Survey and alignment 2.4%

‘, Radiation protection 1.0%

J SC magnets 0.4%

Key technology R&D in TDR spans all component lists in CEPC CDR | </ Dampingring 0.2%
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CEPC Booster 1.3 GHz 8 x 9-cell High Q Cryomodule

CEPC booster 1.3 GHz SRF R&D and industrialization in synergy with CW FEL projects.

Horizontal test CEPC Booster LCLS-11, SHINE LCLS-II-HE
Parameters .
results Higgs Spec Spec Spec
Average usable CW E,.. (MV/m) 23.1 3.0x101°@ 2.7x10°@ 2.7x101 @

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 7



CEPC High Efficiency High Power Klystron

Development and RF Power Distribution System

Power Supply Modulator

Klystron No. 2
Efficiency 77%

Zh memm il |
S| [
- ,,,(,(((_411&'

) O . (2021)

Klystron No. 1 Klystron No. 3 (MB}

Efficiency 65% | I 17.2%@849kW pulsed in 2024 I Efficiency 80.5%

(2020) ‘ 2020 (under fabrication)

Pulsed RF Mode (30% duty factor, 60ms/5Hz) 70. 5%J @ 630kW To be tested at the end of 2023 N

High Voltage vs. Power&Efficency i , =l -+
900 08 00
800 - , 0.7 500% ’/./0/"-_* =1 .
700 = " 0.6 50.0%
€00 05  400%
04 300

- 03 2008 Power vs. Efficiency
400 55 e
300 0.1
200 0 = ' ¥ S IS

60 70 80— PowergdW) —&—#J08(%) 110 120

RF distribution plan

i
4

» Three prototypes of the 650MHz 800KW CW klystrons
are developed. The efficiency reaches 70%

« PSM is developed with the industrial collaboration

* RF tunnel distribution was planed

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 8
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F{ Klystron No. 2

B Efficiency 77% :- = ;‘ _-;7 __ : - Parameters Value
=  (2021) j_-l-llsl!,-hld!_hl-a ‘ Frequency 5720 MHz
ne Output Power 80MW
Klystron No. 1 S— | Klystron No. 3 (MBI Pulsed width 2.5us
Efficiency 65% " Efficiency 80.5%
(2020) I 17.2%@849kW pulsed In 2024 I (under fabrication) Repetition rate 100Hz
Pulsed RF Mode (30% duty factor, 60ms/5Hz) 70 5%‘ @ 630kW Gain 54 dB
High Voltage vs. Power&Efficency ool Efficiency 47%
900 0.8 n l”“*' ,
B:: e o W . 3dB bandwith +5MHz
’ P i 0:5 '
- il os Beam voltage 420 kv
400 // - B
i o P Beam current 403 A
o] B :
2 oso 70 80-0— PowerghW) —&—R8(%) 110 120 5 Focusing field 0.28T

CEPC collider ring 650MHz klystron development in TDR phase

C band 5720MHz 80MW Klystron

cmax{@ FE = 0.186E+05 V/mm
/ max @Anode = 0.155E+05 V/mm

). j i C band 5720MHz 80MW
B e— Beam Current =390 A Klystron design progress

Beam Voltage = 410 kV
Perveance =1.49 upP

100.1(

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 9
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CEPC plasma injector scheme:
From 10 GeV - 30 GeV > TR = 2

Simulation results show that it works on paper
with reasonable error tolerances for both electron
and positron beams injected to the booster

e

Driven e 4nC/12nC

bear o 10GeV 30 GeVv
e o | e3

3
Witness e . B ,4nC
" eam ﬁe a . . —< PWFA-Il »——
Target 30 GeV
1.0 GeV

Phase | {Year0-Year2)
1. Re-designand install transport bea
optimize the e- / e+ beam quali
2.
installation200TW
3. Beam instrumenta
4.

5.

- l,.__.'l..__‘.lll

L

NP
v T -

Beam Line |: z(eVe e bccm

I 7:7 i i
Section L Che

Beam Line Il: 150 Mey - (New)

'f‘H ik _l]_MLu:w

Section A

#fed FEL studies

200 my

I PWFA/LWFA TF based on BEPC-II Linac and HPL has been founded by CAS 90M RMB in Sept. 2023 I




CEPC Accelerator International TDR Review and Cost Review
June 12-16, and Sept. 11-15, 2023, in HKUST-IAS, Hong Kong

CEPC Accelerator TDR Review
June 12-16, 2023, Hong Kong

Domestic Civil Engineering
Cost Review, June 26, 2023, IHEP

CEPC Accelerator EDR-J. Gao

Table 12.1.2: CEPC project cost breakdown, (Umt: 100,00¢,000 yuan)

Total And 100%
INER CERC DR ISR aY Pl-l‘l\\'l management ' 0.8%
- INEP AC-2023-91 —Ascelents 1 — -
/ / . | Conventwmal facihitres | H')I l_.“"»
Camma-ray beam lines 3 0.8%
'—'4_! !... NI | Experiments | 40 11%
. | ( l‘ll ( Contingency (8%) 7 T4%
Y . !
Technical Design Report
Accelerator 7.4% ¥ Project management
® Accelerator
» Conventional facilities

CEPC Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

i=—=10

u Gamma-ray sources
» Experiments

» Contingency

cost of 36.4B RMB

Distribution of CEPC Project total TDR

CEPC accelerator TDR has been completed and
formally released on December 25, 2023
CEPC accelerator TDR link: (arXiv: 2312.14363)

CEPC accelerator TDR releasing news:

‘;_.y_“_“:‘ - » v ". r‘.'“ —b.‘ -.
9t CEPC IAC 2023 Meeting
Oct. 30-31, 2023, IHEP

http://english.ihep.cas.cn/nw/han/y23/202312/t20231229 654555.html

CEPC Workshop EU Edition, April. 8, 2024, Marseille, France
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http://cepc.ihep.ac.cn/CEPC_tdr.pdf
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html

CEPC Engineering Design Report (EDR) Goal

2012.9 2015.3 2018.11 2023.10 2025 2027 15 five year plan

CEPC proposed  Pre-CDR CDR TDR CEPC Proposal EDR Start of construction
CEPC Detector

reference design

—
CEPC EDR Phase General Goal: 2024-2027

After completion CEPC accelerator TDR in 2023, CEPC accelerator will enter into the
Engineering Design Report (EDR) phase (2024-2027), which is also the preparation phase
with the aim for CEPC proposal to be presented to and selected by Chinese government
around 2025 for the construction start during the ”15th five year plan (2026-2030)” (for
example, around 2027) and completion around 2035 (the end of the 16th five year plan).

CEPC EDR includes accelerator and detector (TDRrd)
CEPC detector TDR reference design (rd) will be released by June 30, 2025

CEPC Accelerator EDR Phase goals, scope and the working plan (preliminary) of 35 WGs
summarized ina documents of 20 pages to be reviewed by IARC in 2024

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 12



Issues In EDR (examples)-1 1

w23 CEPC Accelerator Main EDR Development: Klystrons

K R0l =T Parameress Vatee
o [ 08 - =

E 2 . i S There are many common

ey P S Ty challenging issues

S s e | for future Higgs factories,

e e e L] hoth circular and linear

——— e ones, such as MDI, control

it 58t ot e o 50 Mty i e dveoed i EDK. T =T = i e and timing, components
industrial mass production
and alignment/installation, etc.

’29 Massive Production Line of NEG Coating Vacuum Chambers in EDR

“» CEPC Magnets’ Automatic Production Lines in EDR
The coating device A Vacuum chambens are connedsed m parallel 1o & groups, cach group of vacusen chambers

To reduce the fabrication cost of the magnets of CEPC, automatic magnet SRR TR e Ded | Cated tOplca| Internati Onal

z % 3 ; X ‘ £ The coating device B: Amtechamber are connected in parallef s 4 groups, each group of vacsum ¢hambers ength
production lines will be demonstrated in EDR and used during construction should be [ower than 1.5m. due W ity descharge difficulty

o setups of NEG coating have been buih for vacuum pipes of HEPS at IHEF Lab. And o lot of test vacuum pipes WO r ks h 0 ps an d COI I abo rat i O nS

have been couted. whach shows that NEG film has good adhesion aml thackness desmibsition,

In EDR phase o dedicated CEPC NEG couted vacumm chaumber production lise is planned are Ve ry Usefu I and We I Come

Conceptual design type-1 (Booster

magnet) ._

Jun.-Sept, 2024 : Complete the CEPC booster magnet automatic fabrication facility
design.

Oct. 2024-Jun. 2025: Complete the seall scale demonstration faciliy for booster iroan
core fabrication.

Conceptual design type-1l
(Collider ring magnet)




Some Key Issues in EDR (examples)-2

14

CEPC MDI in EDR

—=—n=v—‘&

 Radiation background ;_ m“‘;@‘;‘m ]
| Ratese sanw Dean G !
‘_"'-M--. == o ~——

S o

More detailed works on MDI need to be done in EDR together with
tector group: Background, Be pipe, RVC, integration, alignment, mechanics,...

: ] ._‘Ll v.‘x

€

CEPC Alignment and Installation Plan in EDR

® Mgnmem accuracy requirement Component &~ E3 UL -
Conpeences A3 (eem) Ay (=um) AL, {read) Pre-algnment 2
Dipole ) ol1e «lo | 0w |
Are tml pk 016 ol 0l
IR Quadrspole [ [ aln o
.S:\mmk- oo o | olo

"ieploment bonm-besad ad gment

Surtoce Conbd .
retwork

{14Pginte) ,{/ %

GPS recetvear

L 4

GorarsPaamtrs [ T

i
A
I

,;__,:@

s
Wall Controf Point

2o i};‘g %‘g \ \ / / R i Ground Contral Point
228 N A | ‘
= ; Pam’:i: pomt \"---:_._—:——"// A M”?’\fﬂ 4 i ; y
é -~ «* v i &\
22 Backbone Control network Tunnel Control network =¥

[ahoet ine: 300m: long line 61Mm}) (intezval of & meters)

CEPC Accelerator Control and Timing in EDR

The basic structure of Timing System
— Event system and RF transmission system

-~ Event system: Trgger signal and Low frequency clock

signal

— RF transmission system: Transmit high stability RF signal

Temperature variation induced drift compensation
0.7ns for 10km optical fiber with 1 °C change normally

In EDR phase CEPC high
precision timing and
control technology will
be developed

i A
\5 ',

CEPC Tunnel Mockup for Installation in EDR

Collider nng magnets supports

A 6dhm long annel mockup, mcluding pans of arc section and part of RF section

To demonstrate the inside tunnel alignment and installation, especially for booster installation on the roof of the tunnel

There are many common
challenging issues

for future Higgs factories,

both circular and linear

ones, such as MDI, control
and timing, components
industrial mass production
and alignment/installation, etc.

Dedicated topical international
workshops and collaborations
are very useful and welcome




CEPC Evolution Milestones

Year 2012 2013 2015 2017 2018 2023 2025 2027 2030 2035

—

‘ Proposal (2025) for CEPC entering 15t five year plan ‘

36.4B RMB
total

Accumulated investment

. . Investment per year
CEPC Kickoff meeting in Sept. 2013

EDR is the critical path

Investments

~2B RMB/year

towards CEPC construction ‘
starting around 2027

2012.9 2013.9 2015.3 2017.4 2018.11 2023.12 2024 ~ 2027 ~2035

CEPC proposed Pre-CDR Progress report CDR TDR EDR start of construction = Completion

> Year

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 15



CEPC in Synergy with other Accelerator Projects in China

Project name

Machine type

Location

Cost (B RMB)

Completion time

CEPC Higgs factory Led by IHEP, China 36.4 (where 2035 (starting time around
Upto ttar energy accelerator 19) 2027)
BEPCII-U e+e-collider 2.8GeV/beam IHEP (Beijing) 0.15 2025
HEPS 4t generation light source of 6GeV IHEP (Huanrou) 5 2025
SAPS 4th generation light source of 3.5GeV IHEP (Dongguan) 3 2031 (in R&D, to be
approved)
HALF 4th generation light source of 2.2GeV USTC (Hefei) 2.8 2028
SHINE Hard XFEL of 8GeV Shanghai-Tech Univ., SARI and 10 2027
SIOM of CAS (Shanghai)
S3XFEL S3XFEL of 2.5GeV Shenzhen IASF 11.4 2031
DALS FEL of 1GeV Dalian DICP - (in R&D, to be approved, )
HIAF High Intensity heavy ion Accelerator Facility | IMP, Huizhou 2.8 2025
CIADS Nuclear waste transmutation IMP, Huizhou 4 2027
CSNS-11 Spallation Neutron source proton injector of | IHEP, Dongguan 2.9 2029

300MeV

| The total cost of the accelerator projects under construction:39B RMB more than CEPC cost of 36.4B RMB |




BEPCII-Upgrage@IHEP 1

Beam Energy: 2.35GeV BEPC' | -U
—mm
Lum [10%cm s 7] > Luminosity is increased by a factor
A [em] i i of 3 @2.35GeV
Bunch Current [mA] 7.1 7.5

» Maximum beam energy is increased

It Bunch Num 56 120
' ‘ SR Power (kW) 110 250 from 2.1GeV to 2.8GeV.
0029 00 > Conventional scheme: Squeeze

{v.lum

Sitsahes {nintdl o SO 0 bunch length and g;; by increasing

Coupling [%] 0.53 0.35

Bucket Height bicEe T RF voltage + Increase b(—s‘ar|n current ;

O HEP or collision Design Goals of BEPC| 0,0 [em] 1.54 1.04 (SR POWGI’) 20 ? Yt |

« Beam energy range 1-2.1 GeV a, [em] 1.69 13 > Cost: 0.15B RMB ~ 5’- -‘i ‘ II
« Optimized beam energy 1.89 GeV RF Voltage 1.6MV  33MV : | "' Af_'-? e / U
« Beam current 910 mA > COmplete In 2025 :  f '_r 2
« Luminosity 1X10¥%cm?s* @1.89 GeV

BEPCII-U 500MHz i
SC cavity and cryomodule

(2020 )Jun. 2021 D Apr. 2022 Jul. 2024 BEPCII-U final focus SC quadupole of 25T/m

White Paper of BESIII Feasibility Study Report \ Design Finished Shutdown for Installation

Procurement & Fabrication
+ Internal Review of Accelerator Project Approved Finished Restart

'May. 2020 =) Jul. 2021 Jun. 2024 JJan. 2025



> TRHLHBLERULA

Yy Tuntitute of High Energy Physics Chtmese dcedimy of Setences : e ‘7.—' I-Ong beam
| ~ € line .

linac

,ng,,Eftm:sa&t

Source

etlon in Dec.,

o\

:~5B RMB ~750M USD

22 650,658.21 m?
wcumferencé" 13604 m

Beam energy 6 . GeV
Emittance <0.06 "\nr\n\-rad

.+ Brightness >1x1022  phs/s/mma/mrac?/0.1%BW

°\3eamlines >90 14 BLs in Phase |
Photo\ nergy |

7~ Ange
Location:HuaireuScience City of Be'ﬂ%w&?@ 80km away,from IHEP. . N

| ApY. ) e+ =~ Weimin Péah
( SN

guest hoﬂ's/e'building

0.2-300 keV



HEPS Construction Schedule

*
. . Project settled Project Proposal Feasibility stud Investment budget Kickoff Meetin
The construction period was n g o LSS s G
. . 2016 2017 2018 20 2019
estimated to be six and a half " '
2018 2019 2020 2021 2022 2023 2024 2025

ye ars. I 7 0 O - 3 0 7 0 1 1 1 R 7 0

All the buildings delivered

= Date of Groundbreaking B =~
Ce remony: Jun. 29’ 2019 installation starts. I
9 > 023| [2024| |2024 2025 2025
- (- [w}--{,,g] g
Joint Commissioning Preoperation

1= building finished. Linac and Booster Storage ring
instaliation completed. Commissioning sta

Project

1 lbeam completed *
in Lmac

m Project is scheduled to be
completed in Dec., 2025

Dec. 11, 2023, the last magnet was
installed in the storage ring.
as AUQ. 8, 2022, the installation in the

L booster tunnel began.
Jun. 28, 2021, HEPS Installs First Piece
of Accelerator Equipment in Linac Tunnel.

CEPC Accelerator EDR-J. Gao Mini worksheplomgreeR@coceleratorsand zolliderseille, France 19



HEPS Accelerators Weimin Pan

== N

By using the 7-Bending Achromatic (7BA) lattice, the /

horizontal emittance of the electron beam becomes Y
better than 60pm-rad. | | | o1 ——
Requirements of girder design Booster 0.5-6Gav C=1360.40m
Resolution  ransverse <5um &T T g )
2400" Magnets Vertical <5um e

Adjustin Horizontal +5mm
700+ BPMs g range Vertical +9mm
>54Hz

Eigen frequency

~ 2000 vacuum chambers
T L ey S e o HEPS Booster

i kY €

CEPC Workshop EU Edition, April. 8, 2024,

CEPC Accelerator EDR-J. Gao
Marseille, France



+ Magnet R&D
* Mechanical & alignment
+ Klystron Test

* SRF test hall
* Vacuum assembly & coatlng

e 1” : ‘,

|'|"||'"' u

)

o4 B 4

RJ %

e

l: ) z! i"" ";
‘J .

Accelerator key technology R&D and Testing platform:

» SRF cavity and module » High efficiency Klystron
» High precision magnet » Mechanics and alignment
> Vacuum.assembly & coating » Beamdestfagitityiion apri s 2024,



of IHEP in Dongguan Sheng Wang

O The 4th generation (3.5GeV) diffraction-limited storage ring T

O Brightness >1022phs/s/mm?/mrad?/0.1%BW : . aEY\ fa

O SAPS will be located adjacent to CSNS / A 1/ﬂ

O Planned to start construction around 2025 .’ ; o % -
O Cost about 3B RMB ~450M USD | [‘Q};L -

SAPS is located at IHEP, Dongguan campus, Guangdong Province, China

’ { )
b A00E A0 A I i Wi

ST

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 22



Accelerator Main Parameters
Linac+Booster+Storage Ring

O
B E 3.5 GeV
O Modified Hybrid-7BA R -
Current 500 mA
O 350mA high brightness mode Circumference 310 m
O 500mA high flux mode Nature emittance 33.4 pm-rad
O Swap-out / longitudinal injection Cell number 32 :
.. Long straight section 6 m
O Coherent attosecond radiation

Test Facility Construction and R&D

RF gun research platform 499.8 MHz SC cavity 166.6 MHz SC cavity

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 23



IHEP Dongguan SRF Infrastructure

plasma processing

E3sq
Cryogenic
workshop

&Ry
Cryogenic hall

. B
clean froom . ‘ fl
i " ‘
~ ﬂ‘. - ]
S

<
es

.JQHUTW
==

- —

Ed l " I I [ I

CEPC Accelerator EDR-J. Gao
France
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Advanced Light Facility (HALF@Hefel) cungeo ren

approved the feasibility » Project target: the 4th generation synchrotron radiation light

study report of HALF ) o
project source in the low-energy region in the world

& e > Ring parameters: 2.2 GeV, 480 meters, 85 pm rad
__"‘ -7' ,t,(’;;_:i-h_"‘:g‘\ Nt 4
bt fo's” YR . . .
< W » Beamline stations: 10 for phase | (at least 35 beamline totally)
= yh- ;; Beamlines
pAY _ =41 10 lines (firstly) ) .
Nl 5 » Scientific target: To enable accurate measurement of
s Linac electronic/chemical/spin states of inhomogeneous complex
22GeV201m
Tra?;g-c;nn:ine = S— 7_"'3 SyStemS
» Service areas: material science, life and health, new energy,
Energy [GeV] 2.2 . . . .
new materials, aerospace technology, integrated circuits, etc.
Beam current [mA] 350
Circumference [m] 479.86 > Building area: 68307 m?
Natural emittance [pm +ad] 85.8 . . . .
_ » Construction period: 64 months (start in 2023 and complete in
Lattice Structure 6BA
Number of straight sections 20%5.3 m+20%2.2 m 2028)
i i 2 2 21 . . erp* .
e 1.15x10 » Project investment: 2.718 billion RBM (tentatively)

Coherencg Ergt&o A@ 1

keV 3 .. . ]
cceleral)or EDR-J. Gao 0%PC Workshop EU Edition, April. 8, 2024, Marseille, 25

France o5



Shanghal Hard X-ray FEL Facility (SHINE) . om0 700

SHINE is based on 1.3GHz SC
accelerator technology:

- 1.3GHz SRF cryomodules : 75
« 1.3GHz 9cell cavities: 600+16
« 3.9GHz SRF modules: 2

L 4 13 m.
R

e- bcam 8 GcV y
Pholon energy: 0.4-25keV §
'Pulsc duration : 1-100fs
_ Repetition : IMHz
: Total length : 3.1km

ca. 38m underground §

« SHINE groundbraking
in April, 2018, aiming
at lasing in 2025.

Lo L1 L2 L3 FEL-11 (0.4-3 keV)

iokev" cmoo cmor M cmoz0s Mt BC! CM04-21 g cM22-75 ﬁ(m)- IR SHlNE Cost-N'IOB RMB
kg ! s e "\ or ~1.5B USD
\.\ FEL-1II (10-25 keV)
CEPC Accelerator EDR-J. Gao CEPC Workshop EU Ed|t|on April. 8, 2024, Marseille,

This facility will be developed by Shanghai-Tech Univ., "SARI and SIOM of CAS. © %



SHINE: A high-rep rate XFEL based on SCRF

7
- LO L1 L2 L3 / FEL-Il (0.4-3 keV)
\7/?0':;(2\, cmoo emor ' emoze0s Mt BC CMO04-21 Gacy CM22-75 // ?L-I(-BJS keV;- —
- — —
Buncher 120 MeV 270 MeV
2.4MeV 12 A 85 A
\. FEL-1II (10-25 keV)
np g —___—-
» XFEL Facility +100 PW Laser Facility
I Nomimal |  Range | FEL Line
Beam energy/GeV 8.0 4-8.6 FEL-I
Bunch charge/pC 100 10-300 Photon energy/keV 3-15 3-15
Max rep-rate/MHz 1 upto 1 Photon number per pulse @12.4keV >1010 >101
Beam power/MW 0.8 0-2.4 Max pulse repetition rate/MHz 0.66 1
Photon energy/keV 0.4-25 0.4-25 FEL-II
Pulse length/fs 20-50 5-200 Photon energy/keV 0.4-3 0.4-3
Peak brightness 5x10%2 1X1031-1 X103 Photon number per pulse @1.24keV >1012 >1013
Average brightness 5x10% 1X1023-1X10% Max pulse repetition rate/MHz 0.66 1
Total facility length/km 3.1 3.1 FEL-III
Tunnel diameter/m 5.9 5.9 Photon energy/keV 10-25 10-25
2K Cryogenic power/kW 12 12 Photon number per pulse @15keV >10° >1010

2.28 CEPC Brkshop EU Ed A pulse repetiticn rate/MHz 0.66 1

RF Power/M
ke Gao France 27

[alol EUR-J.



SHINE Key-Tech: SRF Accelerating Module

Prototypes & infrastructures built for R&D
and production

First standard 8-cavity (BCP refurbished)
CM, RF tested in June 2022, has reached its
main goal (>128 MV, >1.0E+10, <1 nA).

First standard 8-cavity (High Q) CMs, tested
iIn December 2022, including midT-baked and

N-doped cavities (>128 MV, >2.0E+10, <1 nA).

High-Q technologies (N-doping& midT- 4x 10w, High-Q R&D RS
. . o'e
baking) have been achieved on 1.3 GHz 9-cell se®® b
It 3x 1010+ .‘. ..I.!!,,AAAAA S——a
Ca.V|t|eS .,»””’ )bb’bb{bb bbAAlA“
~
5 x 10101 SHINE spec :
W HJ0O1 EP reset+300C VI@SARI 2022.01.12 I
® HJ003 EP reset+300C VI@PKU 2022.01.08 |
»  HJ0OS5 EP reset+3/60+EP10 VI@SARI 2022.04.10
A HJ0O6 EP reset+3/60+EP10 VT@SARI 2022.04.10 |
10 I l I U
19 0 5 10 15 20
CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France Eacc(MV/m)

Zhentang Zhao

28



Infrastructure of Shanghai SARI SHINE

Infrastructure for CM assembly and test

- Two 3000 m? for CM Assembly and Test Halls (ATH1 & ATH2)
- Commissioning and gradually put into operation since 2021
- 3 rounds of standard CM assembled and tested

S. Sun




Shenzhen IASF SSFEL

LINAC design

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

L " |
[njector o /1 \_1:] gy 1 N _.U,,!,_m .......... HHHH litter
jecto , HE cvos-12 | 1 T Splitte
90MeV, 10A, 4.5ps 250MeV, 80A, 0.5ps 1.2GeV, 800A, 50fs 2.5GeV, 800A, 50fs
COLO Li+HL BC1 COLl1 L2 Bacl;up BC2 EMIT L3 Backup DCP DIAG1
3 CMs 7 CMs
Parameter
energy 25 1.0-2.5 GeV
1.3 GHz cryomodule: charge 100 10-300 pC
26 sets, energy acceleration bunch length (rms) 50 10-100 fs
current 800 200-1000 A
3.9 GHz cryomodule: , .
2 sets, linear compression compensation HRIDACe 0.5 0.2-1.0 i
energy spread 400 250-500 keV
rep. rate | 0-1 MHz

30



Shenzhen IASF SSFEL

SRF Module Test Facility (SMTF)

* 2 X Cranes

B 2 X Vertical Test Cryostats (VTC)
3 X Cryomodule Test Benches (CMTB)

* 3 X Horizontal Test Benches

1 X Magnet test bench * 2X Vertical Test Stand

Dressed Cavities / v

1 X Multipurpose cryo-test Facility Checks area / /4

4 2 .
"./? \ T ~ A
/ /, ‘ 4 €M assembly infrastructure

|

B

B 1 X Clean room infrastructure

:4]

B Cryomodule assembly and integration bench
B

Dedicated RF test bench

/‘
. L200m>tW52_m=10400m

— ight of crane's hook: > 9 > * Test Facility Cryoplant
- (TFCP 500W@2K)

+ 2XCranes load: 20t eachi}

o i | TEmC—. . _CM Storage&
E e v 2
ij Floor load :20 t/m? {cold box area) Preparation for ship
FedeGate: [X7 M= : Sl el
o ===== TR

Y

P—t’—i
)
g‘ L —— e
| |lped dEHURIHEHTY
5._.....« =
i EE. |
! .
~

gl i i) '
1] S EEES i

L Ll L L] BN 1 £ b TR B b

¢ of Advanced Science Facilities, Shenzhen
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Dalian DICP DALS

DALS Project overview

Seed =

Dalian advanced light source layout

Driver  Heater

L3  Dechirper
BC2 LOGeY, S0, 600A
R JSOMEV, 050 B0A T G00MeY, S0, 600A - ‘
18 14 a8 9 gue
AR\ AR\Y ' /S oo 9
18 vl W sl N
R ddl- £ SR I S
LINAC: 400m Spreader: 100m FEL Amplifier: 150m

| Parameter | design | Frequency ~ Numberof ~Number

beam energy/ GeV 1 |GHz| Cavities of CM
charge/ pC 100 9-cell cavity CM 153 80 10
emittance/ mm-mrad 0.5 9-cell cavity CM 3.9 16 2
rep. rate/ MHz 1

32



Dalian DICP DALS

Current situation of injector test facility for DALS

9

S

-
AEng:
-
-
:

_ )
~1F 4 )
19 - “~.’ L=

- R

Solidsdate Amplifier

-.. 3 l‘ . * L=
e T
e s N ¥

| | Cryogenic distribution system Beam line

2 CellCM ABBA type 9 cell CM

Dechirper v 'ﬁz")
.
| Parameter | design |
Beam energy/ MeV 90
Charge/ pC 100
Emittance/ mm-mrad 0.5-1.5

Rep. rate/ MHz 0.1-1
RMS pulse length/ps 4

Cooling capacity@ 2 K/W 370

33



HIAF& CIADS Projects in China o

® HIAF: High Intensity heavy ion Accelerator Facility® Two of 16 large-scale scientific infrastructure

® CiADS: China Initiative Accelerator Driven System  facilities approved by China Government
® Being built by IMP in Huizhou of Guangdong Prov.  during the 12" 5-year-plan 2016-2020

B HIAF: Nuclear physics research B CiADS: Nuclear waste transmutation

B Total budget: 2.8 B CNY ¥ (424 M USD $) B Total budget: 4.0 B CNY ¥ (606 M USD $)
B Schedule: 2018-2025 B Schedule: 2021-2027

B Construction started officially Dec. 2018 B Construction started officially July. 2021

CEPC Workshop EU Edition, April. 8, 2024, Marseille, France



HIAF Layout and Parameters with SC Technologies

External target station

Nuclear Matter _ RIB
Hyper-nuclear ¥, HFRS: RIB line Physics station
High-E irradiatioff;s>; | L: 92m, Bp: 25 Tm W

3

High precision
spectrometer ring

e-ion recombination
spectroscopy

Fast cycle ring
Circumference: 569 m
Rigidity: 34 Tm

iLinac:

Superconducting linac
Length:~110 m

Energy: 17-22 MeV/u(U35+45%)

T Ll P

Hongwei Zhao

HIAF key parameters

' SECR | iLinac BRing = HFRS | SRing
Energy 0.014 17 835 800 800
(Mi:\flll !U.‘sivl ‘! |]3_<+) (u35+) (u92-)
. 50 ppA 28 ppA | 2x10'ppp
intensity | (s | s | s
Operation CW or fasf Momcnt.um DC,
de DC ulse FAWIBING | -resolution deceleration
mode P 12T/s3Hz 1100 ‘
Emittance or
Acceptance 5/5 200/100  £30/%15 40/40
7-mm-mrad - 0.5% +2% 1.5%
dp/p
81.25 MHz 162.5 MHz
- S505m > - 71m 2

98B m ~540m~ —3ABm TO.B84 v T

Source

ILinac:

T {lﬁ wr
- s - - —— -

[\ N
Low energy nuclear structure and irradiation terminal

CEPC Accelerator EDR-J. Gao

SCECR Superconducting linac injector

SECRAL Il &FECR

CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 35



L HIAF Components Fabrication

Components of SRing electron cooler BRing collimator

- L
iLinac HWRO015 cavities CEPC Workshop EU Edition, April. 8, 2024, Marseille, France
CEPC Accelerator EDR-J. Gao




CiADS could be the world first MW-level ADS facility

CIADS Layout and Parameters with SC Technologies

Hongwei Zhao
Demonstrate high power ADS and transmutation
o

® T1: Fast reactor, LBE target
nT1
RE; i

T2: Target exp., liquid metal and granular target

T3: material irradiation and full power dump
T4: low power dump 50 kW

CIADS key parameters
Thermal Power (Reactor + Beam) 10 MW
Pronton beam Energy (MeV) 500
Beam density (mA) 5
Operation modes CW / Pulse
Target Max. power (MW) <=2.5
Target material LBE
Reactor Keff ~0.75/~0.96
Reactor thermal power ~7.5/~9.76
CEPC Accelerator EDR-J. Gao

§i|’il||

%,

L

i

CEPC Workshop EU Edition, April. 8, 2024, Marseille, France
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otyping and Engineering

CIADS Facility in Pro

e |
:«‘{,‘T: ,A“" N— “'“".’.-A' L Q)
= e e B

-
//

HWRO040

HWRO010 HWRO015
SRF cavities CEPC Workshop EU Edition, April. 8, 2024, Marseille, France Target Prototype

CEPC Accelerator EDR-J. Gao




CSNS-II@IHEP Dongguan

50keV 3MeV 80MeV 165MeV 300MeV
p=0.5 p=0.62 - e
324MHz 648MHz o
10cryomodules 8cryomodules

2 doublo-gavlcryom 3 cavicryomodule -

” -~

X10
s i 2 A S e e i
1st Target Station
500 kw
BT MR AR DTL
BOMeV, 312.50A. 24MHz t",f{,t‘\ “[;\%’7:‘_-___._-,_. »
.._.p-------ﬁ - — - - - - E- - - e {l.
_/“"‘r ""0, AR S A
"r;\?'/‘f? \I‘.“ f)*‘ ‘
g /[, ..........
J('"I. PRI |
1 ‘A'/ :-________'.\
/ X \ 2nd Target Station
! . 1 MW
! HNTIR ) a2 f
2 = l 1.6GeV, 25Hz
f v\,\' - H 32.5uA i
P - \ 7
BT\ RO
'11:,""
l..! :
; I&t‘
T BRI MR X
4*< ' l\ ‘\; ------------ 1
-
y b 5 R
TR e i CH Worksho EU Edition, April. 8, 2024, Marseille,
CEPC Accelerater EDR-J. Gao S TWERIK | ]O France P

bcis svccadisades

1 GeV
120m SC 1 Gey — S— grg Lavr&_;el Station
i
Beam parameters I [
Beam Power on target (100 [500
[kW]
Proton energy [GeV] (1.6 [1.6
Average beam current (62.5(312.5
[MA]
Pulse repetition rate |25 |25
[Hz]
Linac energy [MeV] 80 |300
Macropulse. ave 15 140
current [mA]
Linac RF frequency 324 |324/648
(MHz)
Linac beam width(us) {400 |[600
39
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Main Synergies with CEPC in Summary

 From 2018~2027 is the CEPC accelerator TDR +CEPC EDR phases before the construction

* During 2018~2027 there will be more than 20B RMB other accelerator projects will be
completed in China (including IHEP) (experiences related)

» The project related experienced accelerator physicists, engineers, technicians, administration
teams, etc. with wide range of expertise will have a significant increase to an unprecedented
level (human resource reservoir related)

« The industrial sector’s capability, capacity, availability, participation and contribution, etc. in
accelerator related fields will have a significant increase to an unprecedented level (industrial
preparation related)

« The accelerator R&D and industrial production facilities and platforms will have a significant
Increase to an unprecedented level (R&D, test and industrial fabrication facilities related)

« The international collaboration and participation (including foreign industries) will reach a new
level (International involvement related)

CEPC Accelerator EDR-J. Gao CEPC Workshop EU Edition, April. 8, 2024, Marseille, France 41



Acknowledgements

42

Special thanks go to Hongwei Zhao, Zhentang Zhao, Weimin Pan, Guangyao Feng,

Sheng Wang, Jiyuan Zhai, and Yuan Zhang for their kind helps in providing and
collecting the materials and information during preparation of this presentation

1
-
’ﬁ-"- - /

r-‘lr! T‘ﬂ?_‘n '.lﬂHc
W y
x 1)7'i nu\].‘un“;

A uull?ﬂ TE:




