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A Brief Historical Recall: High Energy Colliders

Year

FcC-ee (H,t,ZW...Dark matter)
CEPC/ILC/CLIC: new e” e~ coljider

(B physics...) R oy, —~
SuperKEKB:\/s =~ 10 GeV, L = {)35 -——

= = Higgs,...
\ LHC/CERN: - Higgs boson 2012

The era of Higgs
boson starts

(t — charm,...)

BEPCIl:\/s =~ 2 — 5 GeV,

(T mass, charmonium,...)

VEPP-4:\/s ~ 1.5 — 2.0GeV,
(B-quark, CP violation, CKM...)

(Z, W bosons,...)

BEPC:\/s ~ 2 — 5 GeV, £ ~ 1031

CESR:\/s =~ 10 GeV é |

ilab: B k 1977
(J /,c-quark, t ...) Fermilab: 400GeV p on Cu, Pt ottom quar

SPEAR&BNL:+/s
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W,Z bosons 1983

Bottom,...




Physics Goals of CEPC-Sp

pC

« Circular Electron-Positron Collider (CEPC) as a Higgs Factory

(91, 160, 240, 360 GeV)

— Higgs Factory (>1076 Higgs) :
* Precision study of Higgs(mH, JPC, couplings), complementary to Linear colliders
» Looking for hints of new physics, Dark Matter...

— Z & W factory (>10710 Z0) :

Number of events

for Sab™!

= x 10

Cross sections for major SM physics
processes at the electron positron collider

upling measurament (Comtrained Fit

 precision test of SM CEPC-SppC was proposed
. Rare decays ? by Chinese scientists in Sept.
_ 2012 after Higgs Boson was
— Flavor factory: b, ¢, t and QCD studies discovered on July 4. 2012 at
Super proton-proton Collider(SppC) [&ERN
(~100 TeV)

— Directly search for new physics beyond SM

— Precision test of SM

* e.g., h3 & h4 couplings
Precision measurement + Searches for new physics:
complementary with each other
(lepton and hadron colliders)
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Anticipated accuracy on Higgs properties
at CEPC and at LHC/HL-LHG



Scientific Objectives: “Discovery + Precision Measurement”

Relative Error

Higgs coupling
measurement can be
improved by orders
maghnititude

Precision of Higgs coupling measurement ( 7-parameter Fit)

8 [ HCI003000f !
® CEPC 240 GeV at 5.6 ab " wiy'woHL-LHC

[

Direct and indirect probe to new
physics up to 10 TeV, an order of
magntitude higher than HL-LHC

Precision Higgs physics at the CEPCT
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Electroweak
measurement can be
improved by

a large factor
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Key Scientific Issues and Technological Route

Design & Implementation
Detector Detector & Accelerator
—P>

Particle Flow v Multi-purposed Acc.

New Physics High Precision b on v rélew con;gpz De{:ector'
o 19 ranularity v Cost, added values
~10 TeV ~1% v' Good Resolution i v Spill-over
. v Reliable PID g
v Dark Matter <« Higgs: 12%‘0-31% < P b
v Extended Higgs v EW:0(10°-10°) v Management
v Composite Higgs o CHELSHE v Collaboration
v' Supersymmetry v Flavor o
High Lumi.
—> ~10%4-36¢m-25-1 Accelerator j
Operation mode Z %4 Higgs 2 IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Hi ggs: 20 abl <=—p
Operation time (year) 2 1 10 v Z: 100 ab-1 v Switchable Operations
Instantaneous luminosity/IP (1034 cm—2s~1) 115 16.0 5.0 <&--- v W: 6 ab-! v Upgradability
Integrated luminosity (ab~—?, 2 IPs) 60 3.6 12 v TOP: 1 ab™ v LC‘”"ge P'I.WII’ISk'I. angle
Event yield (30 MW) 2.5% 102 1.0 x 108 2.5 x 106 with Crab-waist
Event yield (50 MW) AN 1012 1A% 108 40 x 106 esoess

Physics==pDetector = MDI==) Accelerator




Integrated

SR Lumi. per IP

Total

Power (103*cm2s1) p:l:?;r Integrated L TOt:"IIe?:; 2
(MW) (ab-L, 2 IPs) (ab™%, 2 IPs)
540 10 50 8.3 2.2 21.6 4.3 x 10°
30 5 1.3 13 2.6 x 10°
i o 50 192** 50 100 4.1 x 1012
30 115** 30 60 2.5 x 1012
50 26.7 6.9 6.9 2.1 x 108
160 1 30 16 4.2 4.2 1.3 x 108
360 g 50 0.8 0.2 1.0 0.6 x 10°
30 0.5 0.13 0.65 0.4 x 10°

*  Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs.
**  Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection.
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«&»  The Global HEP Consensus on Higgs Factories 8

The scientific importance and strategical value of an electron positron Hiaas factory is clearly identified worldwide

Pathways to Innovation and Discovery in Particle Physics

2013, 2016: Xiangshan Science Conferences concluded that the
CEPC is the best approach and a major historical opportunity
for the national development of accelerator-based high-energy
physics program.

Exploring
the

80“,?,2,“;,’2’ Report of the Particle Physics Project Pricritization Panel 2023

2017: Japan Association of High Energy Physicists (JAHEP)
JAHEP  proposes to construct a 250 GeV center-of-mass ILC promptly as a
Higgs factory.

2020: An electron-positron Higgs factory is the highest-priority N_g"’
- - - Utibverse -
next coll!der. For the Ior_lg_er term, the European particle phy_3|cs Recommendation 6
community has the ambition to operate a proton-proton collider at
the highest achievable energy. Accomplishing these compelling Sonp oy il iesbin e st e ol
goa|s W|” require innovation and Cutting_edge technok)gy: major decisions 9oncerning an off-shore Higgs factory are expected, and/or significant
Europe peibal st i bty Ao
hould also be reviewed.
. . . ‘;hel:mnzz would czns“e,def the following:
In April 2022, the International Committee for Future 1.The level and nture of US contribution in @ specific Higgs factory including an evaluation
Accelerators (ICFA) “reconfirmed the international consensus OEEIE RESOCINMC SN IXKIGRN A TISKS CRCE GrUCH X RS IETION DRCOmNSs wvalsnte:
. . . L 2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D
on the importance of a Higgs factory as the highest priority portfolios.
B 4 for realizing the scientific goals of particle physics”, and gttty ke cmstreprimeiviy s g g e

budget situation.

expressed support for the above-mentioned Higgs factory
proposals P5 report, USA, 2023
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ectron collider a
B mpMuon collider Preprstion / RAD
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S ‘ IWC: 250 GeV 500 GV 1 TV
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o j
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Ak & rouse Tevatron v 30 Tov,
10w Note: Passibility of
OR akm«6km km ring 10km & 16.5 km tunnels 125 GeV or 1 TeV at Stage 1
WEEEN SEEENENEED SEENEEENE EEEEEEEENE ENEEENEEE NN NS
2020 2030 2040 2050 2060 2070 2080 2090

;m
e 10°
(&)
‘S
>
» 10
(@]
£
S
pore |
po] |
1

Complementarity between
Circular and Linear colliders
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CEPC Higgs Factory and SppC Layout in TDR

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

1P
H/tt-ba

r

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

ESBS: Electron Ssource & bunching system PSPAS: Positron source & pre-accelaerating section

FAS: First accelerating section SA5: Second accelerating section
EBTL: Electron bypass transport line TAS: Third accelerating section

EBTL [ ] = Damping ring
FAS SA5 TAS

ESBS

t 1

S50MeyY  1.1GeW Z200MeY 1.1GeV 1.1GeW

5.5m .
102 4am | _‘ BO.9m pll.im
|

1163.4m

1501.Frm
1800.0m
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as a Higgs Factory: H, W, Z, upgradable to ttbar, followed by a SppC (a Hadron collider) ~125TeV

—
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CEPC/SppC in the same tunnel I




CEPC Accelerator System Parameters in TDR

Linac Booster Collider
Parameter | Symbol Unit Baseline Oﬁtt - _Ho - f\fN Z Higgs Z w d
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 Ere 455 E GeV 120 455 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
number per or i Emittance /g, (nm/pm 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7
pulse Maximum nc | 099 | 07 |203] 073 | 08 | ost 1ce /% (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 %e 1.5X103 RF frequency | GHz 1.3 Beam-beam parameters &, /& | 0.015/0.11|0.004/0.127(0.012/0.113| 0.071/0.1
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 ® @
) ) .
@ ® \N > _ CEPC Technical Design Report (TDR) includes:
Linac Booster  \® Collider ©) 1) CEPC Accelerator TDR
/( }\ 30~180GeV 180GeV >dump 2) CEPC Detector TDRrd (rd=reference design)
DR 1.1GeV / i will be released by June 2025

CEPC-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia 11



Machine Design for all Operation Modes 1

Beam-beam effect study

Goal Design

55 r T T . T T T
bx‘=b.3m. np=12e10*290bunches +—t—
5 F e .

(e+e- circular collider as a MLattice optimization for all \ : ¥

(_high lumi. Higgs factory energies 3 4'2 ;

- : , - Sufficient DA for all energies = s
Compatible operation for } © Blesio seE @ ealledive E st

(_Higgs, W, Z and Top

InStabIIIty 2.50.55 0.‘55 0.‘56 0.I57 0.58
« Crab waist scheme with lar
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: 12 | +3 38 K
Lattice for all energies EHREIIIE ApEiire ! = o e |
(DA) optimization s e = |
3 o s 054 055 0.56 057 0.58
i.f| Higgs: ex=0.64nm, B=0.30m/imm || Requirement met Higgs (w/error): Qx
v ] 70, X 160, X 1.6%
ik | ,A
an ! H 1 ) \
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CEPC e- and e+ Injection Linac Designs in TDR

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section SAS:  Second accelerating section Parameter Symb0| Unit Design value
EBTL: Electron bypass transport line TAS:  Third accelerating section Energy E GeV 30
EBTL DR:  Damping ring
ESBS FAS P PSPAS  5AS TAS Repetition rate frep Hz 100
Number of bunches per pulse 1or?2
t T 1' f T ﬂ ﬁ Bunch charge nC 1.5
S0MeV 1. 1GeV 4GeV 200MeY 1.1GeY 1.1GeV 30GeY Energy Spread O 1.5)40—3
102.4m ) 243.5m — B0.9m |11.1n’:| 1163.4m Emittance &y nm 65
s . r Electron energy at target GeV 4
= lm:'” o/ | [Electron bunch charge at target nC 10
.0m
. Tunnel length L m 1800
| e-inlinac g g e+ in linac o Phase space @ SAS exit
A l LA > . £l
Lol “\. M AMAAAMWIREEEE " AUV
iy T AR
u, -MM 03 m...lﬂlhﬂhlL'}’ q

-WW H
0 600 1300

.....
% im)

* Linac energy increases to 30 GeV, with S+C band Accelerator;

« Start-to-end simulations with errors have been conducted for both
electron/positron beams, with qualities satisfying design requirements.




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




...................

Polarized ]
electron 5 < M : Compton
source : e polarimeter

electron i  Positron : Key ingiiedients
source ! dampmg/polanzmg
U || ST

Mitigation of Resonant
spin resonances Depolarization

Both the transverse and longitudinal polarization and Z, W, are feasible (Higgs under study)

Implement the lattice design to accommodate polarized beams: spin rotator,
wiggler, Compton polarimeters, dumping ring and booster design, etc.

R&D of Compton polarimeter, polarized electron sources, spin rotator, etc.
e Simulate the process and effects of errors
* Carry out experiments at BEPCII & HEPS booster

CEPC-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia

T e A . Polarized Spin

A | Y electron Generation Manipulation

unpolarizéd _ : rotators
: N source
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CEPC Key Technology R&D Status in TDR 1

Specification Met J otosyp ’

Manufactured </ Magnets 27.3%

2 »ag‘ ﬁn - S ¥ - J Vacuum 18.3%
‘: f -\:;";M al ' y RF power source 9.1%
I MM...M S Sl ,/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%

16



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-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia



CEPC R&D: 650 MHz SRF Cavities for collider

CEPC-SppCGeneral Status-J. Gao

First three 2-cell cavities based mainly on
BCP shows reasonable performance

Recent 1-cell cavity based on cold-EP and
Mid-temperature baking achieved the
world best results, exceeding CEPC spec.

Continue to develop multi-cell cavities

Vertical test of 650 MHz 2-cell cavity

10"
a
'Y T
v v'.‘ —_—
5 Ve ey,
S
v ig
10‘0 - 'E- r
- -
e
| 18+HOM Coupler
A 28
b A B , 20K
109 ...... " L P— 1 " PO PO PR LI PN
0 5 10 15 20 25 30
E,oc (MV/m) _ _ »
Qll
o' b "““““““.““‘
44 A Aa ala “‘MM
I’ Ada, A
o
®
10" ¢ 1
65054 @ Mid-Thaking, ® Cold EP
65085 A Mid-T baking, A Cold EP
¥ CEPC spec
20K
109 'l ' A A A " A A
0 5 10 15 20 25 30 35 40 45
E... (MVim)

Vertical test of 650 MHz 1-cell cavity

RAS Conference, April 2, 2024, JINR, Dubna, Russia 18
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RF distribution plan

i
4

CEPC High Efficiency High Power Klystron
Development and RF Power Distribution System

&’ »
11 P

(RTHLLEL

Klystron No. 1
Efficiency 65%
(2020)

Pulsed RF Mode (30% duty factor, 60ms/5Hz) 77.2%@849kW pulsed in 2024 To be tested in 2024

High Voltage vs. Power&Efficency

0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

70 80~%— PowergW) —&—#10(%) 110 120

CEPC-SppCGeneral Status-J. Gao

Klystron No. 2
Efficiency 77%

Power Supply Modulator

(2021)

Klystron No. 3 (MB}
Efficiency 80.5%
(under fabrication)

[ifoency (%)
'

r
- TESTY

- UIMSYS-2.5D
- oONi-3 D

.

0 - 100
Migh Volusgs (KV)

» 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

RAS Conference, April 2, 2024, JINR, Dubna, Russia 19
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R&D: Other Prototypes

20

Collider dipole
magnet

booster dipole magnet




SppC Collider Parameters in TDR

-Parameter list (updated Feb. 2022)

Main parameters
Circumference

Beam energy

Lorentz gamma

Dipole field

Dipole curvature radius

Arc filling factor

Total dipole magnet length
Arc length

Total straight section length
Energy gain factor in collider rings
Injection energy

Number of IPs

Revolution frequency
Revolution period

100
62.5
66631
20.00
10415.4
0.780
65442.0
83900
16100
19.53
3.20

"

s

3.00
3333

Physics performance and beam parameters

Initial luminosity per IP

Beta function at initial collision
Circulating beam current

Nominal beam-beam tune shift limit pes
Bunch separation

Bunch filling factor

Number of bunches

Bunch population

Accumulated particles per beam

CEPC-SppCGeneral Status-J. Gao

4 3E+34
0.5
0.19
0.015
25
0.756
10080
4.0E+10
4.0E+14

km

PC AL

“s ¥

e B

m

[ B B
aE (1T T1T

Lattice of SPPC

4D N Y07 90T

w

SppC is compatible
with CEPC in
the same tunnel

m ‘
m '
m
TeV A
R " e Collimation E(_:m—1_25TeV
kHz Whole ring RS with dipole
— dpip= .
us b U SRR L 190, g field of 20T
. = ‘..‘“\‘ .; R TAns ! €00 -
em’s v B* = 0.5m 500
m = E
—, £ 400
:12.;;{:.(; w 300
ns ool
_: 600 ~a00 -200 ‘gsa_‘ 00 400 400
IP Dynamic Aperture
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IBS Technology for High Field Magnets 2

Z. Zhao
IBS (T, 55K)

2008.02 2008.04 2008.09
Discovery of IBS Discovery of
- - T 122 phase IBS

H. Hosono
IBS (T, 26K)

100-m 7-core IBS tape
fabricated
J.=100 A/mm?
@10T,4.2K

R&D under way

IBS solenoid at 32 T
Racetrackat 10T
1.3 kA transposed
cable
J,> 450 A/mm?
@10T,4.2K

2018

* IBSsolenoidat24 T
Racetrackat8 T
J.=300 A/mm?

@10T,4.2K

J, of IBS expected to be similar as ReBCO in 2020s with better mechanical properties and lower cost,

ready for mass applications in ultra high field magnets



HF Magnet Development

16 T Model Dipole: Nb;Sn 12~13 T + HTS 3~4 T;
14T has been reached, more test in 2024

eld (T)
B ~90% SSL | 1247 T @ 6865 A |
- R i iy
12 Tesla 3 P ool gk ot el "o, "‘ch R g, SO “Y\/ Nb,Sn+HTS
st ) "W{':K g ?:"YAY( “ine el 2*$30 aperture
..1\ . m f\-,..‘} o B AL e 15T @ 4.2K
L/ AWAM A Y I e e
.......... g%'ﬁ'\f\
faa.u’n'y 1:..2019 NbTi+Nb,Sn
V ﬂN, 2018 2*$10 aperture
. 10T@ 4.2K
J v Nb,Sn+HTS or HTS
LPF1-U test after 2" thermal cycle: 6865 A& 12.47T@ 4.2 k 2*$A45 aperture
]y LPF1-U first test result: 6664 A& 12.15 T @ 4.2 k- 2*(Q 14 mm With 21‘:';? :;ZK M
e ual
i LPF1I-S test result: 5507 A & 10.71 T @ 4.2 k- 2*Q 12 mm ey
o LPFI1 test result: 5122 A & 10.23 T@ 4.2 k- 2*( 10 mm
H 10 .
T Challenges: Stress control, quench
—e— Test result of LPF1-S < :
Pt taet o LPF A protection, field quality control,......
—— LPF1-U test after 2™ thermal cycle
P IR T ST MY Y RUPUE) B il CAPNN SHPUS SR S SIS SR R B it BRri) W

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 2018 2028 year
Training history

Dual aperture superconducting dipoles achieve 12T@4.2 K and 14T@4.2K
entirely fabricated in China. The next step is reaching 16-20T

Picture of LPF1-U
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“ / - . Oy Klystron Gallery | Linac & BTL Tunnel Collider ring tunnel |
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» ~ ; i = t ‘
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Huzhou Changsha
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v
R

Drill-blast tunnel o
(6.0mx5.0m) =
TBM tunnel
(D6.5m)
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99° L : | _ Higgs SOMW
o System Collider|Booster| Linac | BIL | R :;:';:; Total | Collider [Booster| Linac | BTL | IR :““:;‘I"n; Total
1 |RF Power Source 9690 | 140 | 11.10 10940 | 16160 | 173 | 14.10 177 .40
2  |Crygenic system 972 | 1.7 0.14 11.57 917 | 1.77 0.14 11.08
3 |Vacuum System 540 | 420 | 060 10.20 540 | 420 | 060 10.20
4 |Magnet Power Supplies | 4450 | 9.80 250 110 | 0.30 58.20 44 50 9.80 2.50 1.10 0.30 58.20
5 |Instrumentation 1.30 0.70 020 220 1.30 0.70 020 220
6 |Radiation Protection 0.30 0.10 0.40 0.30 0.10 040
7  |Control System 100 | 060 | 020 1.80 100 | 060 | 0.20 1.00
8 |Experimental devices 400 400 400 400
9  [Utilities 3780 | 320 180 | 060 | 120 44 60 46 40 380 250 0.60 1.20 54 50
10 |General services 720 030 | 020 | 020 | 1200 19.90 7.20 0.30 0.20 020 | 1200 19.90
Total 20412 | 2161 | 1680 | 190 | 584 | 1200 4@62.2C) 27687 | 2260 | 2050 | 1.90 584 12.00</3§9,71_
Various measures will be studied and implemented towards a green collider, as discussed
in the Mini workshop of accelerator, Jan. 18-19, 2024, HKUST-IAS, Hong Kong
https://indico.cern.ch/event/1335278/timetable/?view=standard
CEPC-SppCGeneral Status-J. Gao 25
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https://indico.cern.ch/event/1335278/timetable/?view=standard

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-SppCGeneral Status-J. Gao

)i, ./
-4l |AN
o ole .

Sy

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

i=—=10

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

RAS Conference, April 2, 2024, JINR, Dubna, Russia

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

Total 4 100%,
INER CERC DR ISR aY Pl-l‘l\\'l management ' 3 I 0.8%
INEP AC-2023-01 | Accelernton 1% | 5%
Conventwomal facihitres H')I l_.“"»
Camma-ray beam lines 3 0.8%
Experiments 40 1%
A AT & | - ! !
( l‘ll ( Contingency (8%) 27 T4%
Technical Design Report
Accelerator 7.4% ¥ Project management
® Accelerator
» Conventional facilities

u Gamma-ray sources
» Experiments

» Contingency

Distribution of CEPC Project total TDR
cost of 36.4B RMB

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:
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229 654555.html
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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 Accelerator TDR International Reviews
and CEPC |IAC Meeting Endorsement

27

June 12-16, 2023, in HKUST-IAS, Hong Kong Chaired by Frank Zimmermann

Phase 1 CEPC TDR Review Report

CEPC TDR Technical Review Committee
15 July 2023

The CEPC Study Group, hosted by the Institute of High Energy Physics (IHEP), has been working on the
design and development of a forefront e™e™ collider as a Higgs factory that can extend to energies corresponding
to the Z, WW and the top-quark pairs, with the upgrade potential to a high-energy pp collider. The CEPC
represents a “grand plan” proposed, studied, and to be constructed by Chinese scientists in close collaboration
with international partners. Since the release of the CEPC Conceptual Design Report in 2018, the CEPC Study
Group has devoted significant effort to the design optimisation, the R&D of key technologies and the study of
the technical systems of the CEPC.

The CEPC Study Group has produced a draft Technical Design Report (TDR). The International Review
Committee, chaired by Dr. Frank Zimmermann (CERN), was asked to conduct a first phase review of this TDR
draft. This first phase review shall cover all but the cost and site aspects of the CEPC.

The Phase 1 CEPC TDR Review Committee meeting was held in person at HKUST from 12 to 16 June
2023.

https://indico.ihep.ac.cn/event/19262/timetable/

Chaired by Loinid Rivkin

Sept. 11-15, 2023, in HKUST-IAS, Hong Kong

CEPC Accelerator TDR Cost Review

The CEPC Accelerator TDR Cost Review committee examined the cost estimate of the TDR of
accelerator systems for the first stage of the CEPC project operated as a Higgs factory with
synchrotron radiation power up to 30 MW per beam (including all infrastructure that is not easily
upgradeable and is already designed to operate up to the ttbar energy and at 50 MW). The cost
estimate under review does not include the civil engineering, the detectors at the IPs with their
technical services, and the central computing services

In the opinion of the committee the cost estimate presented is sufficiently complete to form a
proper basis for the next iteration that will be done during the EDR stage

https://indico.ihep.ac.cn/event/19262/timetable/

Oct. 30-31, 2023, in IHEP Chaired by Brian Foster

The Ninth Meeting of the CEPC-SppC
International Advisory Committee

[AC Committee
M. E. Biagini. Y.-H. Chang. A. Cohen.
M. Davier. M. Demartean. B. Foster (Chair).
B. Heinemann. K. Jakobs. L. Linssen.
L. Maiani, MLL. Mangano, T, Nakada, S. Stapnes,
G. N. Tavlor. A. Yamamoto, H. Zhao

=)

November 14th, 2023

The IAC also supports another key conclusion in the TDR Review Report,
that the accelerator team is well prepared to enter the EDR phase.

-The IAC also support another conclusion in the TDR
Review Report that the accelerator team is well prepared
to enter the EDR phase ‘

https://indico.ihep.ac.cn/event/20107



https://indico.ihep.ac.cn/event/19262/timetable/
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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-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia 28



Some Key Issues in EDR (examples)-1

29

The collider Higgs mode for 30 MW SR power per beam will use 32 units of 11 m-long collider cryomodules will
contain six 650 MHz 2-cell cavities. and theeefoee, u full size 650 MHz cryomodule will be developed in EDR

~ ~ CEPC Magnets’ Automatic Production Lines in EDR

To reduce the fabrication cost of the magnets of CEPC, automatic magnet
production lines will be demonstrated in EDR and used during construction

Conceptual design type-I (Booster

magnet) ‘

Conceptual design type-Il
{Collider nng magnet)

Jan -Sept. 2024 1+ Complete the CEPC booster magnet automatic fabrication facility
desim

Oct. 2024-Jun, 2025: Complete the small scale demonstration facility for booster iron
core fabncation,

»&» CEPC Accelerator Main EDR Development: Klystrons

v \ Parameters Value
. & | Freguency $720 Mite
3 - 4 . .. Cutput Peraver oW
Wetteen e | (MBI Pubwed mdth 258
: " et BT W
Putsnd RY Mode {30% duty bacsor. G3rmsisis) S :::ouw &ain S4d8
Migh Voltage va. FowwaEficency i Efficiency AT
- o . ¢ 38 bandwlth L5MHz
- | Beamvotage 4204
- | Besm current an3a
= — TN TR | Focusing field 0287
CEPC collider ring 650MHz klystron development in TDR phase © band ST2OMHz BOMW Klvstron
E i oy B
Li==4 i _ C band ST20MHz SOMW
I TR - = Porosn Crarvens = 390 A Klystron design progress

Thourn Vidrags = 4104V
Pervennee = LAV

‘a@ Massive Production Line of NEG Coating Vacuum Chambers in EDR

The conting device A: Vacoum chambers are connected i parallel to 6 groups, each group of vacuum chambers
length should be fower than 3.5m, outer dinmeter is about 0.47m,

The coating device B: Antechamber ase connected in paraliel 1o 4 groups, each group of vacuum chambers length
should be lower than 1.5m, due 10 its discharge difficulty.

Two setups of NEG coating have been built for vacuum pipes of HEPS at IHEP Lab. Ard a lot of test vacuum pipes
have been couted, which shows that NEG film has good adhesion and thickness dastribution.

In EDR phase a dedicated CEPC NEG coated vacuum chamber production line is planned




Some Key Issues in EDR (examples)-2
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CEPC MDI in EDR

il
|

llIIl.i

Detector dummy coil
development

Soercd
Samocida cof (4 layen)

More detalled works on MDI need to be done in EDR together with
“detector group: Background, Be pipe, RVC, Integration, alignment, mechanics,...

=k TITE I | P

N

Leak detection before vacuum coil after vacuum epaxy
impregnation impregnation

= CEPC Alignment and Installation Plan in EDR - CEPC Tunnel Mockup for Installation in EDR

+ Alignment accuracy requirement Component 8~ —— swaa —_-f

Cormpeoient AS (mem) Ay (mun) AL, {reud)
Dipale 010 «lo 010
b — A i —
Are Quadnipake ole aln 0
IR Quadespele Q.10 aln 0
Seatupok oo o ol
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GPS recelver Surdoce Conpt "
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{ Uy
i castpoint  {14PE™ /
" |

N ; o i o - Collider ning magnets supports

Backbone Control network ; Tunnel Control network
(ahoet §ne:300m; long line 61Hm) (interval of & meters)

A 60 m long tunnel mockup. including parts 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



The revier meet

CEPC Accelerator IARC Meetings in TDR and EDR

International Accelerator Review Committee (IARC) under IAC

The 2019 CEPC International Accelerator Review Committee

Review Report

IARC chair: Marica Biagini from 2020-now

Narambar £ 2010

IARC chair: Katsunobu Oide from 2019-2020

The 2021 CEPC International Accelerator Review
Committee

Review Report

Crouar Eectron
Commities (ARC

(MO} sess0ns of

The IARC was pli
TOR. The gqualty
even if not alreac
bt

g

Tre
o
hely

May 19, 2021
2021 Second CEPC TARC Meeting

IARC Committes

The CEPC Inter
due to the Covid
IARC meeting.

October 20th, 2021

Ihe Cirenlar Electron Pesitron C
The Circutar | Collider “'l'\"" Stuedy Gron
currently hosted :l:, ;‘<'I' o
Academy of Sc ,,,,,,',,A,
accelerator in 2{ Repe
Committee {(IAC) & of 202

CEPC I I l\lt( l s b

2022 First CEPC TARC Meeting
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m <
nittee [LAC Tune 1 7th, 2022
w CEPC a
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llils' ot

All IARC reports (2019 2022) on IAC2022 Meeting Indico:
https://indico.ihep.ac. cn/event/17996/paqe/1415 materials

Nov. 2019: https://indico.ithep.ac.cn/event/9960/

May, 2021: https://indico.ihep.ac.cn/event/14295
October, 2021: https://indico.ihep.ac.cn/event/15177]

June, 2022: https://indico.ithep.ac.cn/event/16801/

Jan. 2024: preparation zoom meeting
Sept. 2024: first extended IARC meeting in EDR phase

on Nov. 18-21,2 npatik ll with un upgrade to the tthar energy rogion, as

o, &
w ‘Il s a future Sppd

As required by IAC extended IARC will review the CEPC
accelerator progresses on the EDR In September 2024

licder ; o ' ' TSI

2. based on CEPC TDR design, the CEPC dedie key technology HED
ataes annd the tex ‘,mr-ﬁn:n wornmmniated f l< oeher
wh Hll ald tho CEPC accolora

CEPC-SppCGeneral Status-J. Gao

After the completion of CEPC CDR in Nov. 2018,
since the first CEPC IARC meeting in 2019, there has
been totally 4 IARC meetings till 2022, with each
meeting a carefully written IARC report, which are
very helpful for CEPC accelerator in TDR phase and
beyond.
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CEPC Detector: Idea of the “4!h Concept”
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Challenges

; » Support Particle flow with

» High granularity
» High precision

Novel detector design
based on PFA calorimeter
to improve the BMR from
4% to 3%

greeerreens

Detector Key parameter
PFA based EM shower
EM calorimeter E resolution
PFA based Single hadron E
Hadron calorimeter resolution

World level
~20%/\E

~50%/NE

4t concept
<3%/E

~40%/NE

Silicon combined with gaseous chamber as the tracker and PID
ECAL based on crystals with timing for 3D shower profile for PFA and EM energy
Scintillation glass HCAL for better hadron sampling and energy resolution




R&D: Vertex Detector and Tracker .

Towee-dazz I80nm CIS process
Resodution & micrens, $3mW/on®

JadePlx-3 Puel size ~16.23 ym?

R

Develop CEPCPix for a CEPC fracke
basing on ATLASPIX3 CNAT/UK/DE
TSH 180 nm HV.CMOQ

2 layers / ladder Goal: oflP) ~ 5 um for high P track

CDR design specifications
« Single point resolution ~ 3ym
*  Low material (0.15% X,/ layer)
«  Low power (< 50 mWicm?)
* Radiation hard (1 Mrad/year)

R,~16 mm

Silicon pixel sensor develops in 5 series: < “a
JadePlx TaichuPix. CPV Arcadia, CEPCPIix
™

> < \\ -:--_‘
_// § Xy =y

TaichuPix-3, FS 2. 5x1.5 om?®
25x25 um? pixel size

Arcadia by ltalian groups
for IDEA vertex detector
LFoundry 110 nm CMOS

CPV4|SO$-30) 64 Sdanay
~21:17 um’ pixel size

tedddddieseditqes
Goal: 3o WK separation up to ~20 GeVic. A DC between
K
Cluster counting method, or dNidx, measures the 2 ottter kayers
number of primary onizabon
Full sllicon

Can be optimized specifically for PID larger cell

size. no stereo layers, different gas mixiure Wrackers

Garfiold++ for simulation, realistic alectronics, peak
finding sigorithm development.

K/ yeperstion vy momentum ([B50° )
"

* Noae o e b

Thvw () Monartum (CaVe

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP joined the TB (led by INFN aroup) in 2021 and 2022

Full vertex detector prototype (TaichuPix-3, JadePix-3) has TB at DESY in Dec. 2022.
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R&D: Calorimeters with PFA

Crystal ECAL . ~3%
y Energy resolution \/EO D ~1%

Features:

» Good energy resolution

» 3D shower info. with limited readout channel
» Shower separation < 4 cm

Main issues for R&D

» Jet reconstruction and PFA algorithm

Scintillation Glass HCAL Energy resolution "'40%/\/E +~ 2%
T 3 e “«. | Features:
ge || R > Large sampling ratio at low cost
! T Main issues for R&D
s | '“3;‘2 > high density, high light yield,
E el ol B 8, cae radiation hardness, production
c .

& AFO Researchi 1

100

1 2 3 4 5 6 7 8
Density (g/cm?)




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
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CEPC Planning and Schedule

TDR (2023), EDR(2027), start of construction (2027-8)

CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Technical Design Repert (TOR) 15th FY 16th FY

Enginesering Design Report (EDR)
R&D of a series of key technologles
Prepare for mass production of devices though CIFC

Civil engineering, campus construction

Accelerator

Construction and installation of accelerator

New detector system design &
Technical Design Report (TDR)

Detector construction, installation &
joint commissioning with accelerator

Detector

Expetiments operation

Further strengthen international cooperation in the
filed of Physics, detector and coflider design

Sign formal agreements, establish at least two
international expenment coliaborations, finalize
details of International contributions in accelerator

International
Cooperation

CEPC-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia
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CEPC Project Development towards construction

 TDR has been completed (review + revision) to be formally released on Dec. 25, 2023.

« CAS is planning for the 15" 5-years plan for large science projects, and a steering
committee has been established, chaired by the president of CAS.

« High energy physics and nuclear physics, is one of the 8 groups (fields).

« CEPCis ranked No. 1, with the smallest uncertainties, by every evaluation committee
both domestic and international one among all the collected proposals.

« Afinal report has been submitted to CAS for consideration.

« The above mentioned actual process is within CAS and the following national selection
process will be decisive.

100
95
90
85
80
75
70
65
60
55
50

92.7 +2.0

CEPC PandaX-xT CNUF BISOL STCF CDEX LCGS@SHINE HENT

mmmm Domestic senior . HEP. Asso. s Nuclear Asso. IAC -3 Average
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Participating and Potential Collaborating
Companies in China and Worldwide

System
1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF/ RF
7 Cryogenics
8 | Instrumentation
9 Control
t0] Sy
1| protecton
12 | e-e+Sources
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CEPC International Collaboration-1 -

CEPC qtt_ract_s significant Interr_1at|onal bl et ee Mawerha Y
participation and collaborations

Accelerator TDR report: 1114 authors from 278
institutes ( including 159 International Institutes, 38 CEPC CEPC

Conceptual Design Report

countries ) arXiv: 2312.14363 Conceptual Design Report

Yolume Il - Physics & Owtector

arXiv: 1809.00285 arXiv: 1811,10545

CEPC
Technical Design Report

Aagunt 2018 Ocsstier 2018

« More than 20 MoUs have been signed with

international institutions and universities
« CEPC International Workshop since 2014
« EU-US versions of CEPC WS since 2018

« Annual working month at HKUST-IAS (mini
workshops and HEP conference) since 2015



http://cepc.ihep.ac.cn/CEPC_tdr.pdf

CEPC International Collaboration-2

i,&d % B

The first CEPC-SppC international Colla?oration Workshop  workshop on the Circuar Electron Positron Collider-EU edition  3rd CEPC IAC, Nov 8-9, 2017,
http-// Ndch 6__8|:] 2017, IHE;’ BeJm/g6618 May 24-26, 2018, Universita degli Studi Roma Tre, Rome, Italy IHER, Beijing
ttp://indico.ihep.ac.cn/event https://agenda.infn.it/conferenceDisplay.py?ovw=True&confld=14816

RN — | More than
ngh Energy Physucs ] , 20 MoUs

Compmesnce Wooh 33 - 33 damery 2018 ’ ”-, 'ﬂ?m" "‘ D R S i ; ,'A‘ ' have been

3 ,[' | e B A B 9| signed with

' | ' ;' g | international

Institutions
—_— - : CEPC Workshop, University of Chicago , an_d ..

CEPC Workshop EU , 2019 Sep 2019, Oxford,UK September 16-18, 2019 universities

https://agenda.infn.it/conferenceDisplay.py?ovw=True&confld=14816 http://cepc.uch|caqo.edu/

‘/,v/ :
IAS Higgh Energy Physics Workshop
(Since 2015 CEPC Workshop, he Catholic University of America,
http://iasprogram.ust.hk/hep/2018 22-23 April 2020, Washingtong, USA (online)

https://indico.cern.ch/event/863751/
CEPC-SppCGeneral Status-J. Gao RAS Conference, April 2, 2024, JINR, Dubna, Russia 40



http://iasprogram.ust.hk/hep/2018
https://indico.cern.ch/event/863751/
http://cepc.uchicago.edu/

CEPC International Collaboration-3

The 2023 International Workshop on Circular The 2023 international workshop
HKIAS23 HEP Conference Electron Positron Collider, EUEdition,University : :
Feb. 14-16. 2023 of Edinburgh, July 3.6, 2023 on the high energy Circular

Electron Positron Collider (CEPC)

ST https://indico.ph.ed.ac.uk/event/259/overview
hitps://indico.cern.ch/event/1215337/ https://indico.ihep.ac.cn/event/19316/

b=z BDSe
Hioh Eneraov Phvsies Lk

February 12 - 16, 2023
Confevance: Fabn ) 16 2023

\ary T

IAS PROGRAM

The: 2023 Inteenational Werkshop on the Clrcular
Elgetron Positron Collider, European Edition
University of Edinburgh 3-8 Juty 2025

Interpnational Workshop o .
HighEnergy.GirculagElectron Positron Collider

The 2024 HKUST IAS Mini workshop and conference were The 2024 international workshop of CEPC, EU-Edition
held from Jan. 18-19, and Jan. 22-25, 2024, respectively. Will be held in Marseille, France, April 8-11, 2024.
https://indico.cern.ch/event/1335278/timetable/?view=standard https://indico.in2p3.fr/event/20053/overview
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https://indico.cern.ch/event/1215937/
https://indico.ph.ed.ac.uk/event/259/overview
https://indico.cern.ch/event/1335278/timetable/?view=standard
https://indico.in2p3.fr/event/20053/overview
https://indico.ihep.ac.cn/event/19316/

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 Around 2035 (starting time
Upto ttar energy accelerator 19) around 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 |




Summary

CEPC addressed most pressing & critical science problems in particle
physics

Accelerator design and technology R&D are reaching maturity, TDR
completed in 2023, ready for construction in 3-5 years

Reference detector TDR under preparation, to be completed by 2025
for the proposal of the 15t 5-year plan
A strong and experienced team, backed by IHEP and international teams

Schedule will follow China’s 15t 5-year plan, Call for collaboration and
proposals once CEPC is (preliminary) approved

Continue to work with government and funding agencies to get support



Acknowledgements

44

Thanks go to CEPC-SppC team’s hard works,
iInternational and CIPC collaborations

Special thanks to CEPC IB, SC, IAC, IARC and TDR review (+cost)
committee’s critical advices, suggestions and encouragement

Thanks for your attention



