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Introduction

The idea of CEPC followed by a possible Super proton-proton
collider(SppC) was proposed in Sep. 2012, and quickly gained the
momentum in IHEP and in the world.
i Looking for Hints@e*e Collider C If yes, direct search at pp collider
I Thetunnel can be re-used for pp, AA, ep colliders up to ~ 100 TeV

Booster

Positron Ring | |_ Electron Ring C  AHiggs factory - to run at /T ~ 240 GeV,

abovetheZHpr oducti on t hres
Higgs; at the Z pole for ~Tera Z; at the

W+*W- pair and then <air production

thresholds. Probes of physics BSM.

m m Higgs (2) factory
Ring length ~ 100 km

Linac

C The CEPCaimstost art oper a,t i
as a Higgs (Z / W) factory in China.

IP1
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Introduction

CEPC team took steps to advance

2013

IHEP-CEPC-DR-2018-01

IHEP-AC-2018-01

CEPC
Conceptual Design Report

Volume | - Accelerator

The CEPC Study Group
August 2018

IHEP-CEPC-DR-2018-02
IHEP-EP-2018-01

IHEP-TH-2018-01

CEPC
Conceptual Design Report

Volume I1 - Physics & Detector

http://cepc.ihep.ac.cn

The CEPC Study Group
October 2018
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CEPC-SPPC
Preliminary Conceptual Design Report

Volume I - Physics & Detector

IHEP-CEPC-DR-2015-01 : 20 1
5 IHEP-CEPC-DR-2015-01
IHEP-EP-2015-01

IHEP-AC-2015-01
IHEP-TH-2015-01

CEPC-SPPC
LPreliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group

The CEPC-SPPC Study Group
March 2015

March 2015

IHEP-CEPC-DR-2023-01 2 O 2 3

IHEP-AC-2023-01

CEPC
Technical Design Report

Accelerator

The CEPC Study Group
December 2023



CEPC Status and Progress



CEPCAccelerator TDR Published

Table 12.1.2: CEPC project cost breakdown, (Unit: 100,000,000 yuan)

Total 364 100%

Project management 3 0.8%

Accelerator 190 52%

Conventional facilities 101 28%

HEPCERCDR 02301 Gamma-ray beam lines 3 0.8%
HERACHIE Experiments 40 11%
_Contingency (8%) 27 7.4%

CEPC

Technical Design Report ® Project management

e
4

N
ST T T
O A By

Accelerator M Accelerator
m Conventional facilities
= Gamma-ray sources

 Experiments

m Contingency

The CEPC Study Group
December 2023

Distribution of CEPC Project total TDR cost
of 36.4B RMB (~5B O)

CEPC accelerator TDR has been completed and

formally released on December 25, 2023 published in
CEPC accelerator TDR link: arXiv_2312.14363 RDTM Vol.8
CEPC accelerator TDR releasing news: June 2024

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

114th Plenary ECFA Meeting, Frascati, Jub, 2024



http://cepc.ihep.ac.cn/CEPC_tdr.pdf
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html

CEPC Parameters and Layout

Booster Collider
tt H W Z Higgs z w -«
Off axis | Off axis | On axis| Off axis T
injection | injection |injection] injection Off axis injection Number of IPs 2
C|.rCU|.”nfer km 100 Circumference (km) 100.0
Injection 30
energy GeV SR power per beam (MW) 30
Sr:(g%fztion cev| 180 120 80 45.5 Energy (GeV) 120 455 80 180
y
Bunch numbe 35 | 268 |261+7] 1297 | 3978 | 5967 | [Bunch number 268 11934 | 1297 35
E/Iuanxclrr?lé?arge nC 0.99 07 | 203] 073 0.8 0.81 Emittance g/g, (nm/pm) 0.64/1.3 | 0.27/1.4 | 0.87/1.7 1.4/4.7
B i IP. 14/36 6/35 13/42 39/113
Beam current [ mA 011 | 0.94 [ 0.98| 2.85 9.5 14.4 eam size at IPs, /s, (um/nm)
Emittance nm [ 2.83 1.26 0.56 0.19 (mm)
RF frequency | GHz 1.3 Beambeam parametersx; /x, 0.015/0.110.004/0.12]0.012/0.11] 0.071/0.1
lF:QF”\/_o!tagt_e GV 9.7 2.17 0.87 0.46 RF frequency (MHz) 650
ull injection —
from empty h 0.1 0.14 | 0.16 | 0.27 1.8 0.8 Luminosity per IP (1034 cmi2 ') 115 16 0.5
5 Y
y
L
W o \ y .
Y 7 Collider >
30~180GeV 180GeV >dump
DR 1.1GeV - <
< z
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Key Accelerator Technology Readiness

Specification Met Frototype
Key Technologies for the CEPC Manufactured &7
T [T

J Magnets 27.3%

J Vacuum 18.3%

J‘ RF power source 9.1%

J Mechanics 7.6%

J Magnet power supplies 7.0%

+/ SCRF 7.1%

J Cryogenics 6.5%

J Linac and sources 5.5%

\/ Instrumentation 5.3%

J‘Control 2.4%

J Survey and alignment 2.4%

keytechnology R&D spans all component for CEPC  +/ Radiation protection 1.0%
ready for construction by 202 & SCmagnets 0.4%
J Dampingring 0.2%
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CEPC Detector R&D

Vertex detector

Develop CEPCPix for a CEPC tracke
basing on ATLASPix3 CN/IT/UK/DE -
TSI 180 nm HV-CMOS process

2 layers / ladder

R;;~16 mm

Goal: o(IP) ~ 5 um for high P track

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

Secondary .
T t.
Primary et ¢
Target

Silicon pixel sensor develops in 5 series: f
JadePix, TaichuPix, CPV, Arcadia, CEPCPix

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

TaichuPix-3, FS 2.5x1.5cmz ~ CPV4(SOI-3D), 6464 array
25x25 um? pixel size ~21x17 um?pixel size

U |
4 3::: s v

particle ID +main tracker

JadePix-3 Pixel size ~16x23 um?

An open window in
backside of PCB with a
size of 12mm x 9mm

159 mm,

Tower-Jazz 180nm CiS process
Resolution 5 microns, 533mW/cm?

o(r) ~100 pm

Goal: 3o n/K separation up to ~20 GeV/c.

Cluster counting method, or dN/dx, measures the
number of primary ionization

e ADC between
2 outer layers

Full silicon

Can be optimized specifically for PID: larger cell tidakars

size, no stereo layers, different gas mixture.

Garfield++ for simulation, realistic electronics, peak
finding algorithm development. !

Signal

* Noise

Test -of Protot; TPC

I)/\u

Separation power

Amplitude (mv)

5 1 5 ]
Momentum (GeV/c)

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP ioined the TB (led by INFN aroup) in 2021 and 2022
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Full vertex detector prototype (TaichuPix-3, JadePix-3) has TB at DESY in Dec. 2022.
TEST BEAM 3 I ‘

Baseline main tracker

GEM-MM cathode TPC Prototype + UV laser beams

b 2

1 Aﬁ/

Hitmap of 4 GeV e*/e- beam

> N .
-J i -J
6 layers of hit
map are fine

* Jadepix telescope

TaichuPix-3
Telescope
(6 layers)

~1

)

MOST 1 (IHEP+THU)

¥ 65 nm CMOS ASIC

" {Power <2.5 mW/ch &

Low power FEE ASIC

Challenge: lon backflow (IBF) affects the resolution.
It can be corrected by a laser calibration at low
luminosity, but difficult at high luminosity Z-pole.

[ k200viem , £ =200vem , v, = 400v S : =
e 2| - o
b vaem A t &

= AUCAHI0[96%)

=
It
|
|

98.42um |
\

Kee (<187Gain)

I

o. <100 um for drift lenath of 27cm
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CEPC Detector R&D

new crystal EM calorimeter for better resoluti

Goal

EM + hadrorcolarimeters prototypes

» PFA ScW-ECAL & AHCAL prototypes: Test Beam at CERN SPS H8 (Oct. 2022) it asteailo + Boson Mass Resolution < 4%
‘ AN T @ o ¢ @ o v ‘m’ - Better BMR than ScW-ECAL
’ g ®. - + Much better sensitivity to yle,
" i o ‘ L ’ especially at low energy.
e -~ - E/i— i
- - Long bars: 1 x 40 cm, super-cell: 40x40 cm?

— Timing at both ends for positioning along bar. UESTIGTEUNG ISR IESE .+ optimizing PFA for crystals

Significant reduction of number of channels.
Performance with photons Performance with jets

\_g CEPC AMCAL Prototype
(WS EWETI STl Fine segmentation in Z, ¢, r : i bl bl: o BATIIL S
£ A i
2 S = ) - |
= Xist 301
& », I 1 N «f BMR=12% 3 i i
> / W ) . {
' \  crystal Fan i =F| o )r‘ |5 e A 1BMR:3.6%
., b - |
- 80 100 120 140 160 180
) BMR of SiW ECAL~ 2.3% Higgs Invariant Mass / GeV

USTC, IHEP, SJTU, Japanese & Israel groups have close collaboration and regular meetings Dual readout crystal calorimeter also being considered by USA and Italian colleagues

CEPCSW Structure

software

Key4hep: an international collaboration with CEPC participation .
CEPCSW: a first application of Kep4hep — Tracking software

CEPCSW is already included in Key4hep software stack N

https://github.com/cepc/CEPCSW L——-C

Architecture of CEPCSW ! [cecms v
Main IDEA tracker External libraries [ coudifamework
Core software - Caesatea

Dual Readout CAL CEPC applications for simulation, reconstruction and analysis

Core Software
Gaudi framework: defines interfaces of all software components and Lo Dlmiliaei
controls the event loop
EDM4hep: generic event data model = - 2=
FWCore: manages the event data ":J- -_1

|
'y
f

GeomSvc: DD4hep-based geometry management service

Italian groups and IHEP colleagues participated the test beam at CERN.

114th Plenary ECFA Meeting, Frascati, Jut; 2024 10



Project Development

A CAS is planning for the 15-years plan for large science projects, and a steering
committee has been established, chaired by the president of CAS
A High energy physigas one of the 8 groupaccomplished the following:

A Setting up rules and the standard(based on scientific and technological merits, strategic value
feasibility, R&D status, team and capabilities, etc.), established domestic and international
advisory committees

A Collected 15 proposals and selected 9, based on the abmrgioned standard
A Evaluations and ranking by committees after oral presentations by each project

A CEPC is ranked No. 1, with the smallest uncertainties, by every committee
A A final report was submitted to CAS for consideration

100
90

85

78.7 £2.4 7 +8.0

80 74.9 £8.9 74.
75

70

65

60

55 I

50

95
CEPC PandaX-xT CNUF BISOL JUNO STCF CDEX LCGS@SHINE HENT

== Domestic senior ~ ™= HEPASSO = NuclearAsso IAC —m- Average -
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Super proton-proton Collider



Super protonproton Collider
E..,up to 125 TeV with 100 km ring
2 IPs, 18 cmr*stper IP
new machine after the CEPC
can extend to heavy ion collisions
retaining the CEPC collider
add possible ep option

Current consideration for SppC
design compatible with a future SppC Iayout
20T B field, twiraperture magnets
new HTS (even IBS) magnets (in3ADyears)
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SppC

A 16T model dipole magnetunder development Nb,Sn12~13T + HTS3~4T. Thehighest
guenchfield reachedover 14T @4.2Kin 2023 16T @4.2Kto be realizedin 2024

A Stainlesssteel stabilized IBStape achievedthe highest J, in 2022 Significantly
reducedcostand raisedmechanicalproperties. IBSmodel coilsreached60A @32T.

AcChina& CERNCollaborationon acceleratortechnology development of HL-LHC
CCTmagnetsgoingwell. Half of 12+1 magnetshavebeendeliveredto CERN

Nb:S: Nb:Sn SONVANS AN E s TSRS “urrent density
0D:640 mm AP:30 mm 8 YECB 3‘ Smaani 1§ s T " | gos
——— ; ' ot 1 Bos Service cavern

EESERERNEREEIEEREEE

2 HREEEEEN

= o
[
'l

Development of CCT
Magnets for HL-LHC

. ] / \ ‘
16T Model Dipole under development

14
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CEPC Plan

U Engineering Design towards arEDR
U Areference design @tectorfor domestic evaluation
U 15" FYP



Engineering Design towards an EDR

2012.9 2015.3 2018.11 2023.10 2025 th fiz@g@al plan
CEPC proposed FEOR CDR TDR oposaCEPC Pr EDR Start of construction

—

CEPC EDR Phase General Goal €202%):

CEPC accelerator will enter the Engineering Design Réfiok phase 20242027); its also
the preparation phase with the aim f&EPC propostd the Chinese governmen®925for

approval.

CEPC EDR includes accelerator and detedbRrd
CEPC detector TDR reference desmgh 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 20R4
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EDR Scope and Plan

In the EngineeringDesignPhase create and maintaina complete database

such as cost items with information regarding technology maturity (TRL),
designcompletenessand costbasis,to identify and prioritize areasfor R&D,
prototypingandindustrialization

Basedon the CEPO DRacceleratordesign,demonstratea completeand
coherent feasibility EDRdesign which will guaranteethe construction,
commissioningoperation,and upgradepossibilities

The CEPEDRAacceleratordesignshouldguaranteethe physicsgoalswith
required energies(Higgs,W and Z pole, with ttbar as upgradepossibility
andcorrespondingequiredluminositieswith 30MW synchrotronradiation
power/beamasabaseline and 50MW asupgradepossibility

Work out a detailedconstructiontime line and planin relation with industrial
fabricationsmeasurementstransportations storagewarehousesinstallation,
humanresourceevolution,etc.

Workout details on 3% installation and 3% commissioningtems of the total

Basedon the CEPCIDRacceleratorkey technology R&D achievement,
acceleratorcost

completethe acceleratorengineeringdesignand necessarfEDRR&Dto be

readyfor industrialfabrications . . . .
Improvedesignmaturity of severalsystems(particularlyMDI and cryogenics)

Complete a practical procurement strategy and logistics with both anddevelopsystemintegration

domesticandinternationalsuppliers . e . .
Implementthe riskmitigation planin the productionand procurementplans

. . to eliminate major risk during the mass production, providing multiple
In collaboration with local government, CAS and MOST (central vendorsand multiple production lines (for example,demonstrateautomatic

governm(_ent), .CEPC.S'te.S converge f_rom serval_ candlda_t(_es o a ED.R magnetsproductionline and NEGcoatedvacuumchambersmassproduction
construction site satisfyingthe required geological conditions, electric facility)

power and water resources socialand environmentconditions,domestic
and international transportation network conditions,international science
City, and Sustainab|ejeve|opment' etc. Considerre-optimizing the technical design of components and

systemswith largeelectricity consumptiontakinginto accountboth

capitalandoperationalexpenditure
- ionsi - - - Establistmore intemational collaborations nternational
Completedetailed constructionsite geologicalstudiesand corresponding  pesineunambiguousiwhat constitutesthe endof the construction Foablen erire;r:de::glgg?alc% r:pg:gt:gzz'”beg;af'?;;

site dependentcivil engineeringdesignand generalutility facility design project domesticandinternational companiesandsuppliers

For labourintensive highvolume activities, in particular the
foti ; : ; componentsof the collider and booster, refine and review the ~Refinethe CEPGnanagementstructure in relation with
Complete the radiation, security, environment assessmentstudies and ¢4t ionmodelto checkahe availabiltyof inhouseresources  hostlab, Refinethe CEP@onstructionfundingmodes

necessarydocuments¢so called CEPGROPOSAhRround 2025eady for
the applicationto the central governmentto get the formal approval of
constructionin the al5th fiveyearLJt | y €

Riskassessmerandriskmanagement Obtain the necessary EDR plan and scope related

Based on TDR cost estimate, make an updated EDR cost estimalféj.ndmgs

Carefully consider the recommendations from CEPC accelerator / 2 Y LJX SGS &/ 9t/ t NRBLI2&l £ & | NE
. . . TDR review and TDR cost review committees, IARC and IAC, etcapplication of final selection of the 15thyBar plan and
Make detailed analysisand preparationfor the human resourcesneeded complete EDR around 2027 before the construction.
H : Continues efforts in green collidand sustainable development
fOf the completlonof CEP@OI’IStI’UCtIOﬂ with energy saving technologiesastheat reuse, energy recovery,

and green energy utilization, etc.
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Engineering Design towards an EDR

CEPC Site Implementation and Construction Plans Future Plan for CEPC SRF

CEPC site |mplementat|on plan in EDR CEPC construction p|an a2 | 2008 | 2028 | 2027 2020 | 2080 | 2031 e | aoas- | 2ote -
M In-depth study of ihe Znojiang Huzheu Site EDR
2 M " . Civil construction
3, Analysis of the Plan
Acc. construction & installation
1% yoar 7 peur 3% yoar A pwar 5 yuar & year ™ year B ywar Commission & operation
SRF system engineering design | L cost. module. bess caviy, LLES.
. eronth Total duration of CEPC praject: 36 months 650 MHz test module (2x2-cell) | By e
reparatory construction period: 14 manth » X —
: ? # Civil construction duratian 550 MHz H module (6x2-cell ponrmman | 0 | pgae | Prodcton o 2 o0 5 2 i, o -
I preparation period: 3 manths - o | rotvcon ctmes | g | e Frson .
| t 1 5 1.3 GHz H module ] i S0 and P | G 12 01 3 Bl A Comminianing e
& Total durats L] |
I I— e 1.3 GHz Z module (high current) [—— M bl cation e I predmimott o | alaton, —
L L e e & ain ring el iing and grouning: 18 monahs 550 MHz HL-Z module Concoptual tesan e Prodece and Il
l | caaton and suppor . 2 HL-Z modu 10 W 1 oo e ot an B imama | o
months
------ | L] Punuction and Insallaien of
Tonchr Tosdsr andihasd el tibar cavity and module e T | PCM tabelcation and wat | 48 M. 152 620 Wbz S-coll AV | Dp
' e Col canstruction completion period: 1 month [l OB Gl S R

CEPC SRF Industrial Production Technology CEPC MDI in EDR

® In 2023, IHEP invented soft SRF cavity polishing equipment has been completed and it
will be installed at IHEP soon, and it reached the same surface roughness as EP. CEPC

650 MHz cavity treated by the soft polishing equipment reached the CEPC specification

Radiation background Ir:jection background Radiation Mitigation
Racistive barbar, Besm-Gas, Masks, collimators, shielding —
beam thermal photon scattering =

Ciroutar beam

i

CERTIFICATE OF GRANT

| ile

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

ot " atetunne 5 e ol
650 MHz SC measurement result with soft polishing technology — P i i= ‘ i= ‘

. GhotLtll THKUST-IAS HEP Comfenuce Jat. 22, 2067, Mok Kxie

18
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EDR - Examples

Massive Production Line of NEG Coating Vacuum Chambers in EDR

CEPC Magnets’ Automatic Production Lines in EDR

The coating device A: Vacuum chambers are connected in parallel to 6 groups, each group of vacuum chambers
L. . length should be lower than 3.5m, outer diameter is about 0.47m;
To reduce the fabrication cost of the magnets of CEPC, automatic magnet e : :

The coating device B: Antechamber are connected in parallel to 4 groups, each group of vacuum chambers length

production lines will be demonstrated in EDR and used during construction should be lower than 1.5m, due to its discharge difficulty.

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

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

Conceptual design type-I (Booster Conceptual design type-Il
magnet) (Collider ring magnet)

CEPC Accelerator Control and Timing in EDR

CEPC Alignment and Installation Plan in EDR

The basic structure of Timing System

~ Event system and RF transmission system In EDR phase CEPC high *« Alignment accuracy requirement Component [~ swma — %
i imi Pre-alignment
— Event system: Trigger signal and Low frequency clock precision timing and Component Ax(mm) | Ay(mm) | AG, (mrad) g t
signal control technology will Dipole 0.10 0.10 0.10
— RF transmission system: Transmit high stability RF signal be developed Arc.Quadupole 040 o190 C10
IR Quadrupole 0.10 0.10 0.10
Temperature variation induced drift compensation Sextupole 0.10° 0.10° 0.10
0.7ns for 10km °p"“l fiber with 1 °C Chlﬂ‘. norm."y “implement beam-based alignment
. / ‘ \ GPS receiver Surface Control
» ‘ . " ‘ [ Bedockple 8 Embeddedbows  NENWOTK Wall Control Point
™ Y 4 b . \, 3 A (14Points)
e ; st point i .

SaOC SO

[ e &L

- | \ )|

R rfOrt

Ground Control Point

= - Ay = &

v

R 2 22222022 5
vy pres - = N E E P@anent point . (AL ﬁ
e Backbone Control network Tunnel Control network
CEPC Accelerator EDR Plan-J. Gao (short line:300m; long line 600m) ' 2024 1 (interval of 6 meters)
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EDR - Examples

CEPC Tunnel Mockup for Installation in EDR

i W

27800

L]

JEN0

< Collider ring magnets supports

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
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Industrial Partners and Suppliers

1 Magnet

2 | Power supplier

3 Vacuum

4 Mechanics

5 RF Power

6 SRF/ RF

7 Cryogenics

8 | Instrumentation

9 Control

10 Su_rvey and
alignment

4 i

12 | e-etSources

CEPC Industrial Promotion Consortium
(CIPC, established in Nov. 2017)
L Ence |

IRHIO lun-"nu ‘:C;.H’l.‘- g&% !ﬁa"
7-"--"".':“ DB - :)n'w ;:;.;
"nm JuJ.. . @ltilw “E'-“m PAY

Potential international collaborating
suppliers and partners worldwide

B oanrysik ) scaormonn  [ERTRAES
mc‘llm

HEINZINGER  Domonsrs m_
PFEIFFER VACUUM "
> Coypoia VAT
-

S0 Sanek-Kikal ...
N Fujikin MPE MIRAPRO

Pl THALES
Om'uqusao

o, B e b B
I ez

il HEXAGON
Thermeriche: [

tomacos CBVAC

L el A

‘, n\ne ...’.';‘.‘..'2 . ““"B‘ ,‘,,.7.5‘,‘:

<o to32
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TDR of a Reference Detector

U The CEPC study group is in process to produce TDR of a reference detec
(ref-TDR) by June 2025, aiming mainly for domestic endorsement

U CEPC will continue to seek for better technologies, and decide the final
detectors within the CEPC international collaborations

Date Actions and/or Expectations

Jan 1, 2024

Start the process by comparing different technologies

Jun 30, 2024

Baseline technologies, general geometric configuration
and key issues are decided

Oct 31, 2024

Discuss the ref-TDR at the CEPC workshop, report
progresses to the CEPC IAC

Dec 31, 2024

The first draft of the ref-TDR is ready for internal reviews

Apr 15, 2025

international review Foundations:

Jun 30, 2025

The ref-TDR for ready for public reviews A CEPC Instrument R&D

Oct 30, 2025

_ — A LHC detector upgrade projects
Submit the ref-TDR for publication

A other HEP experiments
A progress in HEP worldwide R&D
A development in industry
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Technologies for RefTDR

System Technologies
Beam pipe
LumiCal
Vertex CMOS Pixel SOl
PID Drift Chamber
Tracker
SSD OTrk SPD OTrk
LGAD ToF
Stereo Crystal Bar
ECAL
GS+SiPM PS+SiPM+W SiDet+W
HCAL PS+SiPM+Fe RPC+Fe
Magnet HTS
Muon RPC
TDAQ Software Trigger
BE electr. Independent

For Comparison

An international review committee
has been formed to guide and
review the design
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Technologies for RefTDR

Silicon Pixel Vertex Detector

Looking into stitching technology

3 x dual-layer design
2 Goal: o(IP)~ 5 um for high P

Key specifications:
= Single point resolution ~ 3 ym
= Low material (0.15% X, / layer)
= Low power (< 50 mW/cm?)
= Radiation hard (1 Mrad/year)

JadePix4 TaichuPix3
356x498 array of 20x29 um? 1024x512 array of 25x25 ym?

Gy ~ 3-4 pm, 6~ 1 ps, ~100 mWicm?

A TaichuPix-based prototype detector
was tested at DESY in April 2023

Spatial resolution ~ 4.9 ym
TowerJazz 180nm CIS process

Silicon Pixel Inner Tracker

O Focus on HV-CMOS pixel inner tracker of ~15-20 m2-
Q Ladder design for barrel and disc for endcap

O Given what happened with the TSI 180nm production
line, it is better to have backup foundries

O  Exploring SMIC 55 nm and TPSCo 65 nm processes

COFFEE2 chip

with SMIC 55 nm ME
process CFRP truss structure: ~0.18% X,
Quter layer may be attached to TPC
Zone 1

6%9 pixels, 80x40um?
Diodes of different

charge collection
Zone 2 Zone 3 | COFFEE2
¥ , Test Board
20x32 pixels, 72x36um? 26%26 pixels, 25%25um?
Designs of charge Perip digital p
& cell electronics and communication

w

Pixelated TPC

< Initial TPC design has difficulty at high luminosity Z pole due to IBF

« A pixelated TPC of (500 um)? readout pads reduces IBFxGain ~1 at G=2000, and achieves o(r-®) ~100 um
< Full simulation study also shows 30 K/r separation at 20GeV

« Preliminary mechanical design = RL = 15% X, for endcap and 0.55% X, for barrel part

« Plan to have a test beam this fall to characterize the performance and validate the design

\ \
Signal - Hit Detection & » N

Tonization @ Transport W Amplification Cation Cinitésig

Simulation/Digitization Reconstruction

4D Long Crystal Bar Calorimeter

oy scilr (. 860, LY50
i f Didgen |
vi\ﬂ-ufﬂuiﬂ (eg. FPMT, SPMY "

O Save readout channels, minimize dead materials
O Challenging in pattern recognitions with multiple particles

)‘| 28K | o Double-end readout, potential positioning with timing

Incid 7 Cylindrical barrel with
ncident : aternately arranged
particles Vs trapezoidal supercells

Preliminary design
« 27 layers of BGO crystal, ~ 24 X,
« Barrel: 32 towers per ring, 15 rings
+ Endcap: 2x117 towers

« Total ~ 720 k crystals

Reconstruction

Cross-location

' Endcap disc of
square towers

31 t2
Achieve high granularity with adjacent layers
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Technologies for RefTDR

AU. /0.5 (GeV)

Requirements Challenges T
boson mass > »Support Particle flow with T T
resolution » High granularity (LIl lee T 1T]
(BMR ~3%) » High precision :“ ‘ '. ML
[ S S s T e S ]
g 5 3T - A
0.07‘|"'|"'|"'|"-(2|4P(.3ey) :iﬂ l §
© CEPC [7]7z - vqa (ud) Cleaned | Novel detector design | e
0'065_ %;’:ﬁ‘:ﬂ:‘;gﬁ"“_ based on PFA calorimeter ff i ——— ] | i
005 1 to improve the BMR from
0.04- E 4% to 3% |
o F Detector Key parameter World level 4% concept
0.02f- =
001; PFA based EM shower ~20%/NE <3%/E
N : EM calorimeter E resolution
0— - - ]
60 80 n]jjof’ae\,}zo 140160 PFA based Single hadron E ~50%/E ~40%/E
Hadron calorimeter resolution

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
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CEPC Plant 15" FYP

Prepar ati on "FeeaYeaCPlan (R62639) 1 5

it NBLIF N GA2Y A& O0OSIAAYYAYIXOD
Procedure not clear

I Coordination among IHEP, CAS, lecational governments expected

u

u

U The overall funding not known yet

u

U CEPC aims at a start date in 262,7in the middle of the 1% FYP

CEPC team will complete the detectdDR_rdwell into the EDR, and
make ready the necessary documents for the proposal
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|deal Schedule

TDR (2023), EDR(2026), start of construction (2827

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

Technical Design Report (TDR) 15th FY 16th FY

Engineering Design Report (EDR)
R&D of a series of key technologies
Prepare for mass production of devices though CIPC

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

Experiments operation

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

Sign formal agreements, establish at least two
international experiment collaborations, finalize
details of international contributions in accelerator

International
Cooperation

114th Plenary ECFA Meeting, Frascati, Juf, 2024
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Summary

CEPC

A is on the path to converge into a complete package
A EDRorocess will reduce the cost and benefit the community
A is committed to strive to maximize international collaboration

A great help from international scientists and labs which are
essential for CEPC

A is making strong effort to complete a proposal to the
government for approval

A will offer the HEP community an early Higfgstory if successful
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Introduction

Overall CEPC Concepts and Requirements

Design & Implementation
Detector Detector & Accelerator
—

Particle Flow v Multi-purposed Acc.
New Physics High Precision . Hidh G Larit v Eew con;gp; De11:ector-
a 1g ranularity v Cost, added values
~10 TeV ~1% v Good Resolution < Spill-over
. v Reliable PID ==
v Dark Matter 4.»‘/ Higgs: 12%'0-31% < .
v Extended Higgs v EW:0(10 '13-0) v Management
v Composite Higgs L, Vs curren v Collaboration
v Supersymmetry Flavor L
High Lumi.
—> ~1034-36¢m-25-1 Accelerator
2 IPs/100 km
Operation mode Z W Higgs i
Center-of-mass energy (GeV) 91 160 240 7 nggs 20 ab > . .
Operation tme (ear) ) . 10 v 2 100 ab! v Switchable Operations
. -1 olml s
Instantaneous luminosity/IP (10*em~2s~1) 115 16.0 5.0 4--- v W 6 ab 1 i Upgr‘adal?l'!.lty.
Integratedlumjnosily(ab‘l,Z[Ps) 60 3.6 12 4 Top: 1 ab 7 L‘,Jr'ge Ems'vk'}v angle
Event yield (30 MW) 25x 102 1.0x10% 2.5 x 106 with Crab-waist
Event yield (50 MW) 40x102 16x10° 40x100 |
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Introduction

Relative Error

Scientific objective$s discovery + precision measurement

Electroweak

Higgs coupling : -
measurement can be Direct and indirect proble to new measurement can be
: physics up to 10 TeV, an order of improved by
improved by orders ) :
magnititude magntitude higher then HILHC a large factor
Precision of Higgs coupling measurement (7-parameter Fit) : 0_1566”0“:;2;?;3?:m T Oblique Parametefs
# LHC300/3000fb! CEPC bassiine (68%)——
-2 (_?]EIPC 240 GeV at 5.6 ab ' wi/woHL-LHC 010F  fmproved Iz (8570 == ===
-0.10F
: 0 _0-1—5615 -010 -005 OO0 005 010 0‘1_5

(b)

95% C.L. upper limit on selected Higgs Exotic Decay BR

| m HL-LHC
m CEPC (5.6ab™)
VA X, X, X, ' o o CEPC’ (5.6ab™"
Z 10°
Physics white papers published -

and to be published



CEPC TDR Layout & Design Essentials

Switchable operation for Higgs W and Z

Circular collider : Higher luminosity than a linear collider

. 100km circumference Optimal total cost oyl o ol
. Shared tunnet Compatible design for CEPC andSppC -~ e G
i ] . Outer Ring i m “‘77 ) -
. Switchableoperation: Higgs, W/Z, top mareg /008 el M\ﬁ
- 1 zioww e O

Outer Ring

total cost (H+Z+TOP)

—e— 50MW_1M higgsATZ
1800 4P_30MW_2M higes ATZ

'E' —e— 30MW_2M higgsHTZ

= 1600 o 30MW_IM higgsTZ

é —e— 4P_30MW_2M higgs-1TZ4IM top
2 1400 —e— 30MW_2M higgs+1T Z+1M top

g

30MW_1M higgsHT Z+IM top

L]
1200 \ —eo— 50MW_1M higgsH T Z+HM top(SOMW)

1000

800

total cost HZ/

600

400
20 40 60 80 100 120 140 160 180 200 220

Graunference (km)

Common tunnel for
booster/collider & SppC

Baseline 100 km, 30 MWUpgradableto 50 MW, HighLumiZ, ttbar
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CEPC TDR Operation Plan

Lumi /IP | |ntegrated Total Total no. of
Particle (10*%cm?s?) | Lumi./yr | Integrated L avents
(abst, 2 IPs) (absi, 2 IPs)
H 50 8.3 2.2 21.6 4,33 109
240

30 5 1.3 13 2.63 10°

Z o1 50 192** 50 100 4.13 102
30 115** 30 60 2.53 1012

W 160 50 26.7 6.9 6.9 2.13 108
30 16 4.2 4.2 1.33 108

ool 260 50 0.8 0.2 1.0 0.63 109
30 0.5 0.13 0.65 0.43 106

*  Higgs is the top priorityThe 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 tor data collection.
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SRF System Design and Upgrade Plan

Collider
Ring
Machine

Tunnel Booster
Ring
(on top of the
Collider Ring)

650 MHz 5-cell cavities [l 650 MHz 2-cell cavities 650 MHz 1-cell cavities

114t

o ZKLY |!
Auxiliary Tunnel

CEPC " RF (900 m)

. ttbar SSA
& LLRF

HKLY & LLRF

|
Z128 m — ttbar 192 m ' (8 m
7] 'H| ttbar i
il 116 m @2m 280 m 128 m :

. |:| [:] Collider 650 MHz 2/1/5-cell modules Collider 650 MHz RF power sources n Cryogenics
D Booster 1.3 GHz 9-cell modules m Booster 1.3 GHz RF power sources n Water cooling

D Booster 1.3 GHz high current modules [N LLRF |:| Spare space

A

>

>

A

SRF layout and parameters are designed to
meet physics requirements;

Starting from Higgs, H/W/Z/ttbar can be
switchable

RF system design optimized for Higgs 30/50
MW. Power and energy can be upgraded by
adding cavities, RF power sources, cryogenic
plants and other systems

Use dedicated high current 1-cell cavity for 10-
50 MW Z. Solve the FM & HOM CBI problems.
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Technologies for RefTDR

Testbeam of Prototype 4D Crystal ECAL AC-LGAD Outer Tracker (Time Tracker)

Size 12 x 12 x 24em?
s

+ Asuccessful testbeam @ DESY, Oct 2023

QO The outer silicon tracker ~ 85 m?, the Barrel
Z precision is not crucial

=> cost-effective Si strip detector

I O Need a supplemental PID to TPC at
f<* low energy => LGAD ToF

QO AC-LGAD Time Tracker combines the
two needs in one detector, and expect
o, ~30 ps, ogq ~10 um

+ To address critical issues at system level

» Validation: design of crystal-SiPM, light-weight
mechanical structure

= EM shower performance

g oobo o
CHCHENCH
CHCNCHC

+ Module development
» BGO crystal bars from SIC-CAS
» SiPM: 3x3 mm? sensitve area, 10um pixel pitch
» Front-end electronics with CITIROC, by CNRS

OMEGA. An ASIC with a large dynamic range

would be more desirable Strip AC-LGAD by IHEP/ IME
Strip size 5.6 mm x 100 ym

Pitch: 150, 200, 250 um

Crystal

: Long
B Crystal bars

Sector Module

7
100 "m,

<140 mm

Glass Scintillator HCAL
o To replace plastic scintillator with high density, Gst | Gss
low cost glass scintillator, for better hadronic g = == == = ”

energy resolution and BMR e (L1
- 2 roscopicity - No No No No No
a Key specifications: i
Light yield: 1000~2000 ph / MeV Rad.Length X, cm 112 114 163 158 161
Density: 5~7 glem® Transmittance % 82 83 80 a0 80
Scintifation time: ~100 ns Refractive Index 21 182 191 174 175

0 The Scintillation Glass collaboration confinues

Emission peak nm 480 420 520 390 390
to progress on the quest for better GS

Light yield, LY ph/MeV 8000 3000 54000 1347 1154
o The GS1/ GS5 measurements are from (5mm)?
1 ; Enel LER % 95 75 50 253 254
small size samples. Tiles of 40x40x10 mm? are sk
needed for GS-HCAL Decay time ns  60.300 40 100 80600 90,300
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CEPC Statusi site selection
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